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Antioxidants play a relevant role in the biochemical homeostasis of our body by defending 

our cells and tissues against potentially toxic chemical oxidants species, including free radicals and 

reactive oxygen species (ROS).  

Therefore, in the light to prevent/to treat the possible unwanted effects of oxidative stress, 

many peoples currently take antioxidant supplements with the aim to restore and/or to maintain 

an optimal level of antioxidant defense effectiveness.  

However recent studies and clinical experience suggest that any antioxidant supplement 

should be taken only after a biochemical evidence of its deficiency. Indeed high doses of some 

antioxidants may result pro-oxidant.  

On these basis, in order to establish the clinical indications for antioxidant treatment and to 

avoid concomitantly the unwanted side effects of unneeded supplements, some years ago the 

Italian researcher Mauro Carratelli developed a new test, i. e. the BAP test, where the initials mean 

Biological Antioxidant Potential. This test is based on the ability of a plasma blood sample to 

reduce ferric ions to ferrous ions as a FRAP assay (ferric reducing ability of plasma). However 

compared to the classical FRAP assay firstly described by Benzie, BAP test appears quicker and 

simpler to perform. Moreover according to the novel concept of global oxidative stress assessment, 

the BAP test showed able to integrate the results of the d-ROMs test, which allows the assessment 

of serum/plasma total oxidant capacity. 

The aim of the present book was to describe the principle, the validation and the clinical 

application of BAP test in Human and Veterinary Medicine. 

We acknowledge the help of all Authors of clinical and experimental studies reported in this 

book and, particularly, Mauro Carratelli, the “inventor” of BAP test. 

 

 Dr. Eugenio Luigi Iorio, MD, PhD 
 

The President of International  
Observatory of Oxidative Stress 
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1. Introduction 

 
 

The blood of Vertebrates contains several 
compounds/activities which  are able, taken 
together, to oppose the oxidant potential of 
oxidant chemical  species, like the  reactive 
oxygen species (ROS) (1). 

Virtually, any “endogenous” compound (i. 
e. albumin, transferrin, ceruloplasmin, bilirubin, 
uric acid, reduced glutathione, etc.) or 
“exogenous” biomolecule (i. e. tocopherols, 
carotens, ubiquinol, ascorbate, methionine, 
flavonoids, polyphenols, etc.) which is able to 
give equivalent reducing units (e. g. electrons) 
is able also to block the potential damage of 
ROS. Indeed, the reactivity of a free radical is 
just the result of a lack of electrons (2). 

Of course, any injury to such “blood barrier 
to oxidation” – e. g. exposure either to 
radiations, or xenobiotics or infectious agents – 
can result in oxidative tissue damage and, 
therefore, in early aging and  in the so-called 
oxidative stress related diseases (e. g. 
atherosclerosis, arterial hypertension, stroke, 
myocardial infarction, diabetes, arthritis, 
dementia, colitis, pancreatitis, respiratory 
diseases, cancer, infections, etc.) (3). 

The velocity of these processes can be 
slowed  down not only by specific 
pharmacotherapies (e. g. antihypertensive or 
lipid-lowering drugs),  but also by modifying 
some lifestyles (e. g. diet, exercise, etc.) and, 
when indicated, by the intake of compounds 
with antioxidant activity (4). 

However, before any medical intervention, 
the antioxidant effectiveness of plasma barrier 
to oxidation should be assessed, in order to 
limit the eventual intake of antioxidants only to 
patients showing a reduced antioxidant plasma 
activity (5). In fact, an uncontrolled intake of 
antioxidants has been shown to induce a 
paradoxical unwanted pro-oxidant action (6, 
7). 

Therefore, the assessment of antioxidant 
activity of plasma/serum blood is the first step 
of any medical intervention aimed to redress 
the oxidative balance in oxidative stress related 
conditions. 

Over the last few years, a number of tests 
based on different chemical principles has been 

proposed in order to assess the whole 
antioxidant activity of plasma or serum blood 
(5, 8-18).  

In this subject, one of the most know 
examples of oxidation in Nature is the change 
of iron from ferrous to ferric form, as it happen 
in the generation of the rust. Therefore one 
can consider as antioxidant a solution, such the 
serum/blood plasma, which is able to bring 
back the iron from its ferric form to the ferrous 
form. 

In other words  from the merely analytical 
point of view, the effectiveness of antioxidant 
plasma barrier can be evaluated by testing its 
ability to reduce a specific substrate, i. e. by 
assessing its ability to give oxidant agents (e. 
g. free radicals) to one or more electrons. 

For this purpose, several chemical 
reducing-oxidizing couples are available. For 
instance, transition metals (i e. iron) exhibit  
the  property  to  receive one electron thus 
shifting  from  the   oxidized state (Fe3+) to 
reduced state (Fe2+). Such agents can work as 
“meters” in tests aimed to assess antioxidant 
power of biological systems. Indeed, the so-
called “plasma antioxidant power” is ultimately 
a measure of the reducing or “electron-giving” 
activity of blood plasma. 

On the other hand, some compounds share 
the ability to change their absorbance just 
when bound to compounds able to switch from 
the oxidized to reduced state. For instance, 
some thiocyanates are able to reversibly shift 
from colored to uncolored derivatives, in the 
presence of ferric or ferrous salts, respectively 
(19). Such “chromogens” can work as excellent 
“detectors” when coupled with adequate 
“oxidizing/reducing meters” in a test designed 
to assess antioxidant activity of biological 
samples. 

Indeed, when a ferric salt is dissolved in a 
uncolored solution containing a particular 
thiocyanate derivative, the resulting solution 
becomes red, as a function of the ferric ions 
concentration. This phenomenon is ascribable 
to the formation of a complex between ferric 
salt and thiocyanate. Further adding of a small 
amount of blood plasma will reduce ferric  ions 
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 to ferrous ions thus making uncolored the 
initial red solution. Such a chromatic change – 
may be due to the release of ferrous ions by 
the colored thiocyanate complex – can be read 
by means of a photometer, previously set at 
the wavelength of chromogen.  

Therefore, the entity of absorbance change 
will directly correlate with the antioxidant 
“potential” of blood plasma against the specific 
substrate which has been used as 
oxidant/detector (ferric ions).  In other words, 
the ability of the tested plasma to reduce ferric 
to ferrous ions may provide a direct measure 
of the ability of a sample of such plasma to 
give reducing equivalents and then neutralize 
chemical species lacking of electrons, like ROS 

– obviously in the reduction-oxidation potential 
range of chosen oxidant-reducing couple 
(Fe3+/Fe2+). 

On the basis of this background, a novel 
test,  aimed to assess the antioxidant plasma 
activity, has been recently developed by the 
Italian Chemist Mauro Carratelli and first 
described by Dohi et al. (20).  

This test has been called “BAP” test which 
initials underline that the assay is designed to 
assess the Biological Antioxidant Potential of 
blood plasma. 

The aim of this short review is to present 
the principle, the validation, the procedure, the 
indications and clinical usefulness of the BAP 
test in the light of the available literature. 

 

 
2. Principle 

 
 

BAP test is based on the ability of a colored  
solution, containing a source of ferric (Fe3+) 
ions adequately bound to a special 
chromogenic substrate, to decolour when Fe3+ 
ions are reduced to ferrous ions (Fe2+), as it 
occurs by adding  a  reducing/anti-oxidant 
system, i. e. a blood plasma sample (20). 

Therefore, in the BAP test, a small amount 
of blood plasma (10 µL) to be tested is 
dissolved in a colored solution, which has been 
previously obtained  by mixing a source of 
ferric ions (i. e. ferric chloride, FeCl3, the R2 
reagent) with a special chromogenic substrate 
(i. e.  a thiocyanate derivative, the R1 reagent) 
(19).  

After a short incubation (5 min), at 37 °C, 
such  solution will decolor and the intensity of 
this chromatic change will be directly 
proportional to the ability of plasma to reduce, 
during the incubation, ferric ions (initially 
responsible for the color of solution) to ferrous 
ions, according to these reactions: 
 
1. FeCl3 + AT(uncolored) → FeCl3 – AT(colored) 
2. FeCl3–AT(colored)+ BP(e-) → FeCl2 + AT(uncolored) + BP 

 
where: 
• FeCl3 is ferric chloride; 
• AT(uncolored) is a thiocyanate derivative (uncolored); 
• FeCl3 – AT(colored) is the colored complex of ferric 

chloride with the thiocyanate derivative; 

• BP(e-) is a molecule of blood plasma barrier with 
reducing/electron giving/antioxidant activity 
against ferric ions; 

• BP is the oxidized form of BP(e-); 
• FeCl2 is the ferrous chloride obtained by the 

reducing activity of BP(e-). 

By assessing photometrically the intensity 
of decoloration, the amount of reduced ferric 
ions can be adequately evaluated thus allowing 
an effective measurement of reducing ability or 
antioxidant potential of tested blood plasma 
(20). 

Such a “potential” is obviously not absolute 
but relative to the tested substrate, i. e. ferric 
ions. Considering that such ions are naturally 
occurring components of the body, BAP test, 
as its initials  suggest (Biological Antioxidant 
Potential), provides a reliable measure of 
antioxidant power of the fraction of plasma 
barrier to oxidation which is directly involved – 
due to the implicated reducing-oxidant 
potentials – against the attack of reactive 
chemical species in “physiological” or 
“biological” conditions. 

However, since the main aim of BAP test is 
to provide a global assessment of antioxidant 
defenses of our body, no studies has been 
performed in order to establish the exact 
contribution to the assay of each 
serum/plasma blood antioxidants, which 
amount   should   be   detected  by  means  of 
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different analytical approach (e. g. mass 
spectrometry, chromatography and so on).  

In any case by considering that BAP test 
exploits the same principle of FRAP assay (21) 
i. e. the reduction of ferric to ferrous ions, it is 
likely that BAP test measures the same 
antioxidants of any assay based on iron 
reduction (Table 1). 

   
 

Table 1. Relative activity of individual plasma 
antioxidants and their estimated contributions to 
total ferric reducing activity of plasma (modified by 
Benzie et al, 1996) (21). 

Plasma 
antioxidants 

Relative  
Activity1 

Expected 
plasma level2 

Estimated 
contribution3 

Uric acid 2.0 (2.0-2.4) 150 – 450 60 
Ascorbic acid 2.0 (1.9-2.1) 30 – 100 15 

Proteins 0.1(0.1-0.15) 800 – 1100 10 
α-Tocopherol 2.0 (1.7-2.1) 15 – 40 5 

Bilirubin 4.0 (4.2-4.6) < 20 5 
Others – – 5 

1Measured range. 2Fasting concrentrations (µmol/L). 3To 
total iron-reducing plasma activity. 

 
Indirect evidence that BAP test measures 

at least some of these antioxidants has been 
provided by some experiments performed 
either on standard solutions or blood plasma 
samples. 

For instance BAP test was able to detect in 
vitro the antioxidant potency of uric acid (UA) 
as ferric reducing capacity in solutions 
containing increasing amounts of UA (22) 
(Figure 1). 

 
 

 
 
 
 
 
 
 
 
 
Figure 1. Effects of aqueous solutions of uric acid 
(UA) on BAP test in vitro. For each concentration 
UA in aqueous solution, BAP was measured three 
times, and values are presented as means ± SD. All 
differences among solutions were statistically 
significant (P<0.05) (modified by Nakayama et al, 
2007) (22). 

 
Similar results were obtained in analogous 

experiments by using ascorbic acid (AsA) as 
antioxidant (22) (Figure 2). 

 
 
 
 
 
 
 
 
 
Figure 2. Effects of aqueous solutions of ascorbic 
acid (AsA) on BAP test in vitro. For each 
concentration AsA in aqueous solution, BAP was 
measured three times, and values are presented as 
means ± SD. All differences among solutions were 
statistically significant (P<0.05) (modified by 
Nakayama et al, 2007) (22). 
 

However, when UA and/or AsA were added 
ex vivo to a plasma samples from patients who 
underwent haemodialysis no further increase 
of BAP was shown (22) (Figure 3).  
 
 
 
 
 
 
 
 
 
 Figure 3. Effects of the addition of uric acid (UA) 
and ascorbic acid (AsA) to serum on BAP ex vivo. In 
samples drawn at the post-haemodialysis time point 
from eight patients, each sample was evaluated for 
BAP, with a 5-mg/dL increment of UA (+UA) and 5-
µg/mL of AsA (+AsA), and a combination of the two 
(+UA+AsA). Values are presented as means ± SD. 
No significant differences wee found among the 
solutions (modified by Nakayama et al, 2007) (22). 
 

This datum may indicate that BAP test 
provides a reliable measure of all reducing 
compounds/activities of a blood plasma sample 
rather than a specific antioxidant. This should 
be an advantage of BAP test. In fact a minor 
criticism against BAP test is that BAP test 
results seems to be too closely related to UA 
concentration, so that a determination of UA 
should be done concomitantly to BAP test. On 
the contrary the herein shown data suggest 
that BAP test is able to detect many major 
ferric reducing compounds/activities including 
UA and AsA but each reducing agent like UA 
alone or combined (UA+AsA)  seems  to  don’t 
influence significantly the whole plasma iron 
reducing activity as measured by BAP test. 
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 The result of a clinical study on hyperbaric 
therapy seems to confirm this hypothesis (23) 
(see below, clinical studies on Humans and 
Figure 11 ). In any case BAP test was able to 
detect in vitro increased amounts of bilirubin a 
minor iron-reducing agent (20) (Figure 4). 

 
 
 
 
 
 
 
 
 
Figure 4. Effects of solutions of bilirubin on BAP 
test in vitro (modified by Dohi et Al, 2005) (20).  

Finally, experiments ex-vivo performed on 
human plasma showed a direct and significant 
correlation between BAP test values and α-
tocopherol levels (24) (Figure 5). 

   
 

 
 
 
 
 
 
 

 
Figure 5. Correlation between BAP test values and 
α-tocopherol concentration in a sample of rat blood 
plasma (modified by Dohi et al, 2007) (24). 
 

Taken together the evidence now available 
indicates that BAP test provides a reliable 
measure of all the antioxidant plasma 
compounds/activities able to reduce ferric ions 
to ferrous ions including UA, AsA, bilirubin and 
α−tocopherol, as previously described for FRAP 
assay (21) (see also below, paragraph 3). 

 

 
3. Validation and comparative studies 

 
 

The validation of BAP test has been 
achieved by means of experiments performed 
with    the      Electron        Spin/Paramagnetic 
Resonance Spectrometry (ESR/EPR) that is 
considered the “golden standard” technique to 
study free radicals ex vivo.  

According to its principle, BAP test provides 
an evaluation of the whole antioxidant capacity 
of blood plasma, measured as reducing 
potential against ferric ions.  

Several compounds may contribute to this 
“biological antioxidant potential” of whom 
some – like bilirubin (see Table 1) – exhibits a 
“scavenger” activity against free radicals, 
having the ability to neutralize directly free 
radicals.  

On these basis, an ESR/EPR study 
performed showed that the bilirubin exhibits 
“in vitro” direct scavenging activity against 
either the hydroxyl radical (HO•), the most 
potentially dangerous oxygen free radicals in 
living organisms, or the 1,1-
diphenylpicrylhydrazyl radical already at 
physiological conditions (20).  

In experiments performed in parallel with 
the BAP test it was shown that the results of 
both  assays (as conducted  either by ESR/EPR 

or photometry) overlapped (20) (Figure 6). 

 
 
 
 
 
 
 
 
 

Figure 6. Comparison between photometric BAP 
assay (histograms) and Electron Spin Resonance 
Spectrometry (ESR/EPR) (box): increasing 
concentrations of bilirubin are able to increase BAP 
test values (because bilirubin acts an 
antioxidant/iron reducing compound) and to reduce 
concomitantly ESR/EPR signal (because bilirubin 
acts as a scavenger against hydroxyl radical) 
(modified by Dohi et al, 2005) (20). 
 

By considering that ESR/EPR is the 
reference technique to study the free radicals, 
BAP test must be considered, thanks to this 
authoritative validation, a test really able to 
detect and quantify in a specific and suitable 
manner scavenging/antioxidant activities, as a 
confirmation of the above proposed principle of 
its mechanism. 
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On the other hand, in experimental trials, it 
has been shown that the BAP results 
satisfyingly correlate with those of FRAP, which 
is considered the comparison method the most 
similar to BAP test, in the actual panorama of 
all the assays proposed to evaluate the plasma 
antioxidant capacity.  

Indeed, the FRAP assay is based on the 
reduction of ferric tripyridyltriazine (FeIII-TPTZ) 
to ferrous tripyridyltriazine (FeII-TPTZ), which 
develops an intense blue color, phometrically 
measurable by setting the wavelength to 593 
nm (21). The calibration may be performed by 
means of solutions with known concentrations 
of FeII (FeSO4

.7H2O). Analogously, the BAP test 
is based on the use of a colored solution which 
is obtained by adding a source of ferric ions to 
a chromogenic mixture.  

The entity of decoloration is then assessed 
by measuring the absorbance at 505 nm, 
which is proportional to the reducing activity of 
the sample. 

According to these observations, Vassalle 
(unpublished data) recently assessed 
comparatively analytical performance of BAP 
and FRAP test on 18 samples of human blood 
plasma.  

According to the result of this study, mean 
value (± SD) of BAP test was 3163±770 µEq/L, 
while the mean value (± SD) of FRAP test was 
521±132 µmol/L. 

The correlation between test was shown to 
be acceptable in 16/18 tested sample 
(88.89%). 

 The remaining two samples were shown to 
not correlate, maybe to the higher level of 
plasma lipids, which can interfere with the 
photometric readings of every photometric test 
(Figure 7).  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Comparative evaluation of BAP test and 
FRAP assay (modified by Vassalle et al, 2006) 
(Unpublished data). 

 

4. Procedure 

 
BAP test can be  performed    either  on   

whole blood or heparinised blood plasma or 
serum. Such samples should be fresh, in order 
to avoid an eventual underestimation of the 
results due to possible auto-oxidation 
phenomena.  

Therefore, while waiting further data by 
studies in progress, it is suggested to 
centrifuge as soon as possible (within 1 hour) 
the blood and to recover plasma or serum. If 
the sample (plasma/serum) cannot be 
immediately processed it should be stored at 
+4 °C and tested within 1-to-3 days or 
according to the guidelines of laboratory good 
practice.  

However very recent evidence suggests 
that BAP test maintains its analytical reliability 
even on previous frozen samples (at -80°C) 

The BAP test can be performed with a 
common photometer, according to the exact 
standardized work conditions (Table 2). 

 

Table 2. Work conditions of BAP test. 
Wavelenght Optical path Temperature Mode 

505 nm 1 cm 37 °C Differential 

 
However, due to some practical reasons, 

the test can be performed also with dedicated 
analytical devices, like FREE system (DIACRON 
International s. r. l., Grosseto, Italy) (24), for 
blood plasma or serum, or FRAS 4 system 
(H&D s. r. l., Parma, Italy) (20) by starting  
form whole (capillary) blood. Both systems, 
which require dedicated kits, substantially limit 
manual intervention to a few steps compared 
to common photometers, thus reducing a 
possible source of analytical imprecision.  

Moreover, either FREE or FRAS system 
allows a global assessment of oxidative stress, 
due to the possibility to perform not only the 
BAP test (antioxidant status assessment) but 
also the d-ROMs test (oxidant status 
assessment) (20, 24). 
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The FREE system is an “open” system 
consisting of a photometer and a dry 
thermostating block. Both the tools are 
managed by a computerized system able to 
receive, to elaborate and to export the data. 
The initials FREE  means  Free Radical Elective 
Evaluator, i. e. system for the elective study of 
free radicals. 

The dedicated kit of the BAP test for FREE 
contains cuvettes ready-to-use with a solution 
of a thiocyanate derivative (R1 reagent) and a 
vial of ferric chloride (R2 reagent).  

According to the procedure for the FREE 
system, at least 10 min before the analytical 
session, it is preferable to seat the cuvettes, 
ready to use for analysis, in the thermostated 
housing of instrument. It is also very important 
to bring the reagents to working temperature 
before the use. 

When ready, the operator must select, 
through the keyboard of instrument, the pre-
set channel.  

For each analytical series, the procedure 
involves, before testing plasma or serum, the 
zeroing and the subsequent automatic 
subtraction of reagent blank absorbance. 

Practically, after having adjusted the zero 
against distilled water in the photometer, 50 µL 
of R2 reagent (ferric chloride) is transferred 
into the cuvette containing the R1 reagent (a 
thiocyanate derivative). The   resulting  colored  
solution,  after gently mixing by inversion, 
undergoes photometric reading. Then, 10 µL of 
sample is added in the same cuvette and the 
obtained solution is gently mixed and 
incubated into the thermostatic block for 5 min 
at 37 °C.  After incubation, the sample can be 
read for absorbance. 

FRAS 4 is a new integrated analytical 
system consisting of a dedicated photometer 

with incorporate centrifuge designed to allow 
for the global assessment of oxidative stress 
on whole blood, by means of two tests, i. e. d-
ROMs test and BAP test. The initials FRAS 
means Free Radical Analytical System, i. e. 
system for the analytical study of free radicals.  

The most innovative technological feature 
of FRAS 4 is the integration of centrifuge with 
the analytical module. This system enables the 
operator to perform  not  only  the  
centrifugation  but  also the photometric 
analysis. 

The dedicated kit of BAP test for FRAS 4 is 
similar to that one of FREE system; moreover, 
it contains also the tools for taking the whole 
blood from a finger.  

Practically, a small amount of plasma (10 
µL), which has been obtained after centrifuging 
the whole blood sample (100-150 µL), is 
dissolved in the colored solution, previously 
prepared by mixing the R2 reagent (FeCl3) with 
R1 reagent (a thiocyanate derivative). After 5 
min of incubation at 37 °C, the solution 
undergoes photometric reading. 

To periodically calibrate FREE and FRAS 4 
systems, a lyophilized human control serum is 
available with a known antioxidant title 
expressed as µmol/L. 

Both devices directly provide the results of 
the BAP test – that is the “biological 
antioxidant potential” of plasma – as 
µEquivalents/L (µEq/L) (by using ascorbate as 
iron reducing agent).  

Data of Producer from healthy individuals 
indicated initially that the optimal value of BAP 
test should be higher than 2.200 µEq/L. The 
studies performed in the last 3 years 
substantially confirmed this statement (see 
below), although every laboratory should 
determine its own reference value. 

 

 
5. Analytical performances 

 
 

Analytical performances were initially 
evaluated with a first set of experiments on 
standard solutions of ascorbic acid (AsA) with 
known values, by using  a FREE equipment 
(Diacron International, Grosseto, Italy), in 
order to establish the lowest limits of detection 
and quantification, respectively, and linearity. 

The lowest detection limit, i. e. the lowest 
concentration of a signal that can be 
distinguished by the blank (as calculated by 
multiplying 3 times the standard deviation, as 
obtained by the average of 10 replicated 
analyses of the blank) was 118 (mean value). 
The lowest quantification limit, i. e. the lowest 
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concentration by which a quantitative measure 
can be performed (as calculated by multiplying 
10 times the standard deviation, as obtained 
by the average of 10 replicated analyses of the 
blank) was 393 µEq/L (mean value). 

The BAP test showed linearity within a wide 
range of absorbance and the highest linearity 
limit, i. e. the concentration able to produce a 
signal lower than 3.0-3.5% compared to that 
predicted by regression (straight) line, was 
20.000 µEq/L (Table 3 and Figure 8). 
 

Table 3. Linearity data from BAP test. 

µEq/L Measured ∆Abs  Predicted ∆Abs % 

40000 1,307 2,649 50,660236 

20000 1,339 1,349 -0,739745 

16000 1,114 1,089 2,2781006 

13400 0,938 0,920 2,0111852 

10000 0,678 0,699 -2,961637 

8000 0,566 0,569 -0,463358 

4000 0,310 0,309 0,4503123 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Linearity of BAP test (data from human 
plasma). 

 
A second set of experiments was 

performed on a control human serum with 
know value, by using a FRAS equipment (H&D 
srl, Parma, Italy) in order to establish the 
coefficient of variation (CV).  

To reach this goal a human-derived 
lyophilised control serum (know value 2100 
µM) was repeatedly (n=10) tested after 
dilution in distilled water for BAP test in two 
different days.  

The within-run CV was 2.72% and 2.91%, 
hence lower than 5%, in both the experiments 
done in two different days, respectively  (Table 
4). 

 

Table 4. Determination of BAP test repeatability. 
First experiment Second Experiment 

Sample (n) BAP test* Sample (n) BAP test* 

1 2168 1 2105 
2 2112 2 2095 
3 2190 3 2136 
4 2064 4 2193 
5 2103 5 2004 
6 2231 6 2057 
7 2182 7 2037 
8 2081 8 2100 
9 2125 9 2090 

10 2063 10 2192 

MEAN 2132 MEAN 2101 
SD 57,9 SD 61,1 
CV (%) 2,72 CV (%) 2,91 

*Results as µEq/L. 

 
The above findings demonstrate that the 

BAP test exhibits an acceptably low intra-assay 
coefficient of variation. Moreover, the very 
similar values obtained in two different days 
suggest that between-run CV of BAP test 
should be acceptably low. Noticeably, the 
concordance between expected (2100 µEq/L) 
and real results (2132±58 µEq/L and 2101±61 
µEq/L) is evident.  

A third set of experiments was done in 
order to establish CV on blood plasma either 
freshly keep or after frozen. With this aim, 
Benedetti (unpublished data) performed the 
BAP test on 12 samples of heparinised fresh 
plasma from apparently healthy volunteers 
(blood donors from the Transfusion Centre of 
Urbino’s Hospital, Urbino, Italy). After 
repeating the test three times in the same day, 
the BAP test showed a mean value 2169 ± 105 
µM (mean ± SD) and within run coefficient of 
variation (CV) 4.8%. Two days later the Author 
repeated the test on the same samples stored 
at +4°C.  The BAP test showed a mean value 
2155 ± 118 µEq (mean ± SD) and a between-
run CV 5.4%. Moreover, the BAP test as 
performed   on    frozen    plasma  samples (-
20°C) showed overlapping results when 
compared to the results from fresh samples, 
thus suggesting the possibility to perform the 
assay also on previously stored biological 
materials.  

More recently analytical performance of the 
BAP test – linearity, precision, repeatability,– 
was also evaluated on animals (see also below, 
Clinical Studies on Animals). 
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In particular, 140 Labrador Retriever dogs, 
75 females and 55 males, between 1 and 5 
years old, fed with the same super-premium 
dry food and with the same lifestyle, were 
included in a study (25). All the subjects were 
in good health conditions at the physical and 
laboratory examination (haemogram, 
biochemical profile, urine analysis and serum 
protein electrophoresis) (25). 

The BAP test showed linear in the tested 
interval (Figure 9), with a 0,95 “r” coefficient. 

 
 
 
 
 
 
 
 
 
 
 

Figure 9. Linearity of BAP test (data from canine 
plasma) (modified by Pasquini et al, 2008) (25). 

 
The recovery values of accuracy turned out 

106,41%. The within-run CV WAS 6,4 %, while 
the between-run CV was 8,1% (25). These 
differences, compared to the lower data shown 

in Humans, can be at least partially ascribable 
to pre-analytical errors. In fact, preliminary 
reports on rats indicate that the intake of food 
and/or antioxidants significantly increases the 
basal value of the BAP test. Therefore, it is 
mandatory to perform the BAP test in the same 
pre-analytical conditions of other biochemical 
tests, like blood glucose (the morning, at rest). 
This should significantly decrease any 
variability of the BAP test even in the same 
individual.  

Taken together, these findings indicate that 
the BAP test shows good to excellent analytical 
performances as a reliable tool to assess 
antioxidant status in blood samples either from 
Humans or Animals.  

These performances were shown improved 
recently by automating the test on a multiple 
analyzer (OLYMPUS 450) (data submitted for 
publication). 

Interestingly, BAP test showed excellent 
repeatability on other biological matrices, like 
water-soluble antioxidant formulas, with an 
intra-assay coefficient of variation 1.9% (see 
below, Studies in Vitro).  

At the moment, the only described 
interfering factor as well as for all photometric 
assays is a very high blood level of lipids (see 
below). 

 

 
6. Interpretation of results 

 
 

According to the data of the Producer 
(Diacron International, Grosseto, Italy), the 
“optimal value” of BAP test in healthy peoples 
should be at least 2.200 µEq/L. 

Benedetti et al. confirmed this finding,  by 
showing values 2169 ± 105 µEq/L on plasma 
blood samples (n=12) from apparently healthy 
peoples, selected among a more large 
population of healthy blood donors 
(unpublished data).  

Noticeably these values are very similar to 
these very recently reported by Nagata et al. in 
50 healthy volunteers (2137 ± 228 µEq/L) 
(26).  

Therefore, the normal range proposed by 
the producer is substantially confirmed by 
these preliminary data (see also below, Clinical 

Studies on Humans). 
In other words, values lower than 2.200 

µEq/L indicate a reduced “biological potential” 
and hence a decreased effectiveness of the 
antioxidant plasma barrier, according to an 
arbitrary scale of severity (Table 5). 

 
Table 5. BAP test results and antioxidant barrier 
impairment. 

BAP test results  
(µEq/L) 

Impairment degree of  
plasma antioxidant barrier 

2.200 – 2.000  Border line condition 
2.000 – 1.800 Slight reduction 
1.800 – 1.600 Moderate reduction 
1.600 – 1.400 Strong reduction 

< 1.400 Very strong reduction 

Optimal value > 2.200 µEq/L 
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Preliminary data also suggests that elderly 
peoples have results of the BAP test lower than 
healthy adults (unpublished data). 

Interestingly, dogs showed a normal range 
very similar to that one of Humans (2446 ± 
585 µEq/L) with a normal-like distribution of all 
values, ranging from 1440 to 3260 µEql/L (25) 
(Table 6). 

Table 6. Referral range of BAP test in dogs 
(modified by Pasquini et al, 2008) (25). 

Units µmol/L 
Kurtosis – 1.4 

Skewness – 0.2 
Media 2466 

Mediana 2610 
SD 585 

Reference range 1440 – 3260 
 

 
7. Clinical studies on Humans 

 
 

The clinical usefulness of the BAP test in 
Humans bas been demonstrated in several 
studies, either in physiological or pathological 
conditions. Most of these papers were 
performed by coupling d-ROMs test with BAP 
test. However, because this short review is 
focused on BAP test we will describe 
particularly clinical studies on this test with a 
reference to d-ROMs test when indicated. 

Due to the close relationships between 
oxygen pressure and oxidative stress 
preliminary studies evaluated BAP test in 
conditions mimicking hyperoxia.  

It has been suggested that hyperbaric 
oxygen (HBO) causes oxidative stress through 
the production of reactive oxygen metabolites, 
as also detected by d-ROMs test (27). However 
some patients with decompression illness (DCI) 
need repeated HBO treatments which can lead 
to concerns about an accumulation of oxidative 
stress (28). Therefore 9 DCI patients were 
exposed to two session of U. S. Navy 
Treatment Table 6 at an interval of 3 days 
(23). BAP significantly increased after the 1st 
and after the 2nd HBO compared with before 1st 
HBO (23) (Figure 10).  
 
 
 
 
 
 
 
 
 
Figure 10. Significant increase of BAP test values 
after two session of hyperbaric oxygen therapy 
(n=9, means ± SE, one-way repeated-measures 
ANOVA followed by Dunnett’s test) (modified by 
Kongoji et al, 2007) (23). 

Interestingly UA was not affected (Figure 
11), this demonstrating that the change was 
not attributable to uric acid (23). 

 
 
 
 
 
 
 
 
 
 
Figure 11. No statistically significant change of uric 
acid values after two session of hyperbaric oxygen 
therapy (modified by Kongoji et al, 2007) (23). 

 
Oxygen exposure is also one of the major 

concerns in neonatology in neonatology, as 
previously demonstrated also by means of d-
ROMs test (9). However BAP test values 
remained in the normal range within 60 min of 
birth in premature infants suffering from 
asphyxia, who underwent a typical treatment 
with oxygen inhalation (30).  

On the other hand underwater immersion 
may mimic hyperbaric conditions of  hyperbaric 
therapy thus increasing the risk of oxidative 
stress also in re-breather diving activities. 

This aspect was evaluated by some studies 
on re-breathers, apnoea divers and Self-
Contained Underwater Breathing Apparatus 
(SCUBA) divers. 

In particular, on 10 healthy re-breather 
divers who underwent BAP test measurements, 
compared to baseline, BAP test values 
significantly increased (+10.7%) after diving 
(2458 ± 363 µEq/L vs. 2222 ± 466 µEq/L, 
respectively; P<0.05) (31) (Figure 12).  
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Figure 12. Significant increase of BAP test values 
after diving (n=10, means ± SE, one-way repeated-
measures ANOVA followed by Dunnett’s test) 
(modified by Yamami et al, 2007) (31). 

 
On these basis, 4 apparently healthy 

professional divers, one apnea diver and three 
Self-Contained Underwater Breathing 
Apparatus (SCUBA) divers were recruited in a 
preliminary study (32). When the results of the 
tests before immersion were compared with 
that after immersion, in the apnea diver total 
oxidative balance did not change. In the 
SCUBA divers BAP test results significantly 
increased from 2217±288 µEq/L to 2414±363 
µEq/L (P=0.009) (32). Interestingly these 
values were very similar to those reported in 
the previous study on re-breathing divers (31). 

Taken together the above data indicate 
that the potential oxidative stress related to 
hyperbaric condition seems to be compensate 
by an early increase of plasma antioxidant 
barrier to oxidation as reducing iron capacity 
measured by BAP test. 

The possibility to evaluated blood plasma 
antioxidants in SCUBA divers may spread the 
potential usefulness of BAP test in some sports 
of whom is kickboxing, a martial art having 
fighting style and technique derived by the 
traditional Thai martial art, in which the use of 
punching, kicking, and, under some rules, 
kneeing, and elbowing are permitted, with 
possible injury (33).  

Thus in a preliminary study 10 apparently 
healthy male individuals, half-professional 
players of martial arts, mainly kickboxing, 27.5 
years aged (range 20 to 30 yrs) were recruited 
for an observational period of two months 
(34). At the time of the inclusion in the study 
(T0), after the first month (T1) and at the end 
of the second month (T2) all the subjects – 
after giving their informed consensus – 
undergo oxidative stress evaluation by means 
of d-ROMs test and BAP test (34). During the 
second   month   only,  all  the  subjects   were 

supplemented with Cucumis melo concentrated 
juice (36 mg/day), vitamin C (240 mg/day) and 
vitamin E (24 mg/day) according to a 
commercially available formula (34). 

The oxidant status, at the time T0, as 
measured by means of the d-ROMs test 
increased from 292.00±50.26 CARR U (before 
the training) to 362.20±38.00 CARR U (24 
hours after the training) and decreased at the 
end of study, T2, to 234.60±27.76 CARR U. All 
the changes were statistically significant (T0, 
before vs. after training, P=0.0000011770; T0, 
before training, vs. T2, P=0,0000408367; T0, 
after training, vs. T2, P=0,0000000035) (34).  

The antioxidant status, as measured by 
means of BAP test, increased from 
2759.00±556.53 µEq/L to 2833.30±524.75 
µEq/L although the change was not statistically 
significant (P=0,6516738232) (34) (Figure 13). 
 

 
 
 
 
 
 
 
 

 
Figure 13. Changes in pro-oxidant status (d-ROMs 
test) and antioxidant status (BAP test) in kickboxing 
athletes who underwent antioxidant supple-
mentation (n=10, means ± SD, t Test for paired 
data) (modified by Cavallini and Iorio, 2007) (34). 

 
The above results, although in a small 

sample of subjects, provide the first evidence 
in literature that martial art amateur, like other 
competitors, can undergo oxidative stress after 
a physical effort. However, an adequate 
supplementation with natural products, 
including powerful antioxidant vitamins C and E 
can favour, together a balanced diet and 
exercise training, the reduction of plasma 
biomarker of oxidative status (35). 

This consideration on lifestyle suggests that 
BAP test can be useful also in medicine 
preventive and especially in psychosomatic 
medicine were a relationship between psychic 
stress and oxidative stress has been 
suggested. 

In this subject, a low BAP test was 
recorded in college students with fatigue, 
unhealthy    habits    and    irregularity.    After 
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specific advise on lifestyle the score of a 
specific visual analogical scale (VAS) for fatigue 
significantly increase with a trend to BAP 
increased values (although the change did not 
reach the statistical significance cut-off) (36).  

No significant changes were noted in the 
results of the BAP test after acupuncture in 
spite of the decrease of d-ROMs test values 
(37) while Japanese females suffering from 
hypotension showed increase values of BAP 
test (38). 

Postmenopausal women also showed 
significantly higher BAP test values compared 
to men in a clinical trial performed on 
metabolic syndrome (2531±323 µEq/L vs. 
2345±245 µEq/L, respectively; P<0.05.) (39). 

Interestingly in a case report a 14-years-
old boy suffering from fibromyalgia (an 
intractable and painful syndrome that is 
accompanied by many symptoms) after 
treatment with Yi-Gan San extract for one 
week reported a significant increase of BAP 
test values and a decrease of pain subside as 
VAS from 7.5 cm to 3.2 cm (40). 

The result of this study suggest that BAP 
test can be useful to monitor the effectiveness 
of antioxidant supplements as hypothesised in 
kickboxing players (34) (see also below, 
Clinical Studies on Animals). 

In fact in a preliminary report on 20 
patients suffering from neurological and 
rheumatic chronic diseases, oral 
supplementation with the herbal product 
GinpentTM (Gimnostemma pentaphyllum) plus 
fermented Papaya plus reduced glutathione, 
was followed after one month of treatment by 
a significant decrease of d-ROMs test and a 
significant increase of BAP test (41) (Figure 
14).  
 

 
 
 
 
 
 
 
 
 

Figure 14. Changes in pro-oxidant status (d-ROMs 
test) and antioxidant status (BAP test) in patients 
suffering from chronic diseases who underwent 
antioxidant supplementation (n=20, means ± SD, t 
Test for paired data) (modified by Iorio, 2006) (41). 

On the other hand in patients with 
neurological trauma, BAP test was shown a 
reliable assay to demonstrate the scavenging 
activities and antioxidant potency of bilirubin 
even at physiological concentrations (20). This 
finding was in agreement with parallel 
experimental results obtained with Electron 
Spin Resonance Spectroscopy (20) (see also 
Figure 6). However patients suffering from 
Williams syndrome, a rare genetic condition 
which causes developmental problems, 
including attention deficit (42), showed normal 
BAP test values in spite of the higher values of 
d-ROMs test results compared to healthy 
controls (Figure 15) (unpublished data). 
 

 
 
 
 
 
 
 
 
 
Figure 15. Oxidative balance in patients suffering 
from Williams syndrome compared to healthy 
controls (values are expressed as means ± SD, t 
Test for paired data) (Iorio and Carratelli, 2006, 
unpublished data). 
 

Finally, BAP test showed useful to monitor 
oxidative stress in chronic obstructive 
pulmonary disease before and after the 
exacerbation (43) and in hemodialysis (HD) 
(22). In fact BAP test values were shown to 
decrease significantly in 8 patients after HD 
(Figure 16) (22). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16. Changes in BAP test values between 
pre-hemodialysis(HD) and post-HD serum in each 
patient (n=8) (modified by Nakayama et al, 2007) 
(22). 
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8. Clinical studies on Animals 

 
 

Growing evidence suggest the potential 
usefulness of BAP test in the monitoring of 
oxidative stress in different animal species, 
including rats, mice, piglets and dogs (44). 

In particular, liver regeneration after 
hepatectomy was followed in rats by a 
significant decrease of BAP values, may be due 
to the concomitant increase of d-ROMs test 
values (45) (Figure 17).  

 
 
 
 
 
 
 
 
 
Figure 17. Changes in BAP test values after 
hepatectomy in rats. Values are reported as mean 
± SD. P values <0.05 were considered significant. 
*P<0.01 vs. day 0. **P<0.05 vs. day 0 (modified 
by Han et al, 2006) (45).  

 

Moreover BAP test showed useful in the 
monitoring of antioxidant efficacy of   
Edaravone – a novel synthetic free radical 
scavenger intended to have neuroprotective 
effect against ischemic insult, currently used 
on patients with cerebral infarction – in a rat 
experimental model of traumatic brain injury 
(TBI) (24). According to the results in the 
control group, BAP test values were the 
highest 6 h after TBI, but it decreased by 12 h. 
In contrast, BAP test values gradually 
increased in the edaravone-administered group 
(24) (Figure 18).  
 

 
 
 
 
 
 
 
 
 
Figure 18. Changes in BAP test values after 
traumatic brain injury (TBI) in rats (modified by 
Dohi et al, 2007) (24). 

This datum is in agreement with the data 
on clinical human studies showing the 
usefulness of BAP test in the monitoring of 
antioxidant supplements (34).  

However in 10-month old mice, oral 
supplementation with Coenzyme Q10 (4 µg/g 
weight) aimed to improve fertility was not 
followed by significant changes in BAP test 
(46). This finding supports our observation that 
BAP test is not substantially influenced by this 
intracellular antioxidant. 

In an experimental model of neonatal 
septic shock (cecal ligation and perforation,  
CLP) aimed to evaluate the possible 
relationships between this disease and 
oxidative balance, 14 newborn mixed-strain 
piglets randomly were divided into two groups: 
a model (n=7) and sham (n=7). BAP levels at 
1 h post-CLP were significantly higher in the 
CLP group than in the sham group and 
remained elevated over the time (47). This 
finding may indicate a compensative response 
of animals to the potential oxidative stress 
induced by the experimental model of sepsis.  

Finally, BAP test has been extensively 
studied in dogs (25, 48, 49).  

In particular, after demonstrating the 
reference values of the test in some species, 
an interesting report showed the usefulness of 
BAP test in the monitoring of the efficacy of an 
antioxidant supplement based on Ginkgo 
biloba, vitamin E and Zinc administered for 30 
days (50) (Figure 19). 
 

 
 
 
 
 
 
 
 
 
Figure 19. Changes in mean BAP test values and 
mean quercetin plasma concentration before and 
after antioxidant supplementation in dogs. The 
difference between -30 days and +30 days reached 
the statistical significance (modified by Pasquini et 
al, 2005) (50). 
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9. Experimental studies in vitro 

 
 

A recent challenge for antioxidant 
supplements is the determination of 
antioxidant power in vitro. Indeed in the light 
to develop new formulas, the producer when 
possible should report on the label at least an 
indication on the ability of the formula to 
neutralize effectively one or more oxidants. 

Among the available assays BAP test 
proven useful in the assessment of antioxidant 
capacity of some formulas destined to patients 
or healthy peoples (Table 7).  
 

Table 7. BAP test values of some antioxidant formulas 
Formulas BAP test values N CV (%) 

GIN PENTTM (1) 48500±2880   9 4.1 
DEUTROSULFAZYMETM (2) 64747± 3660  8 5.7 
DEUTROSULFAZYMETM (3) 235500± 9161 8 3.9 
DEUTROSULFAZYMETM (4) 274500± 6009 8 2.2 

ARAMENTM (5) 22440 ± 908 7 4.0 
BAP test values are expressed as mean µEq/L±SD. N is 
the number of determinations. CV is the within-run 
coefficient of variation. (1) Gimnostemma pentaphyllum 
plus fermented papaya plus reduced glutathione (2) 
DeutrosulfazymeTM basic formula. (3) DeutrosulfazymeTM 
vitamin C-enriched formula. (4) DeutrosulfazymeTM 
multivitamins-enriched formula. (5) Herbal product based 
on Laminaria digitata, Condrus crispus, Sambucus nigra, 
Vaccinium myrtillus, Rosa canina and Feniculus vulgare 
Miller. 
 

Among these was also DeutrosulfazymeTM 
(CELLFOODTM,   NUSCIENCE    CORPORATION,  

US) a non-addictive, non-invasive, and 
completely non-toxic proprietary colloidal-ionic 
formula containing finest all-natural, plant-
based organic substances like  ionic minerals, 
enzymes, amino acids and deuterium sulphate 
as traces (51, 52). 

More recently BAP test was performed 
comparatively on samples of hand-made  beers 
against to industrial beers(Table 8) (Bianchi 
and Iorio, unpublished data).  
 

Table 8. BAP test values and polyphenols levels in 
hand-made and industrial beers. 
Beer BAP test values* Polyphenols levels** 
Label 1 10035 583 

Label 2 9750 517 

Label 3 9655 631 

Label 4  9645 904 

Label 5 10375 700 

Label 6 7280 477 

Label 7 9515 451 

Label 8  11040 938 

Label 9 9860 629 

Label 10*** 6080 316 
*As µEq/L. **As mg catechin/kg. ***Industrial 

 

Interestingly hand made beers showed 
higher values of both BAP test and polyphenols 
compared to industrial beers. Noticeably BAP 
test values correlated with polyphenols 
content. 

 

 
10. Indications and clinical usefulness 

 
 

The BAP test, by exploiting the same 
chemical principle of the well-known FRAP test 
– i. e. the reduction of ferric to ferrous ions – 
provides a reliable measure of biological 
antioxidant potential of blood plasma (53). 

Therefore, the BAP test should be 
performed with the aim of assessing the 
antioxidant status either in healthy peoples, in 
order to prevent oxidative stress, or in patients 
with oxidative stress-related diseases, in order 
to monitor the efficacy of specific and/or 
antioxidant therapies (54, 55).     

All healthy peoples should undergo the BAP 
test because all the individuals  are  potentially 

exposed to the risk of producing 
exaggerate amounts of free radicals, a 
phenomenon which requires a very effective 
antioxidant barrier. Indeed, the primary aim of 
this test is to identify and to prevent oxidative 
stress and its unwanted consequences (early 
aging, diseases) (56). 

All the more so, the BAP test should be 
systematically performed on all clinically 
asymptomatic subjects, who are exposed for a 
number of reasons to factors able to reduce 
physiological antioxidant plasma defenses (e. 
g. inadequate exercise, unbalanced diet, 
chronic  inflammatory  diseases  with   reduced 
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absorption of nutrients, etc.). In these cases 
also, the aim of the BAP test is to identify and 
to prevent oxidative stress and its unwanted 
consequences (early aging, diseases) (57). 

Moreover, the BAP test should be carried 
out on all patients with oxidative stress-related 
diseases (more than one hundred), such as 
Alzheimer’s disease, Parkinson’s disease, 
stroke, infarction, Crohn’s diseases, rheumatoid 
arthritis, AIDS, some cancers, etc. In all these 
cases, the aim of the BAP test is to monitor 
oxidative stress and to prevent its 
consequences, by monitoring the efficacy of 
specific therapy, either alone or with a 
concomitant antioxidant treatment (54). On 
this subject, it must be underlined that in many 
of above mentioned diseases, all almost having 
a chronic course, oxidative stress tends  to  
raise   the role of an additional health risk 
factor. Therefore, it must be controlled in order 
to optimize results of any treatment. For 
instance, the evidence, by means of BAP test, 
of a reduced biological antioxidant potential in 
hypertensive patients indicates a persistent 
impairment of physiological defenses against 
ROS, which can be responsible for an 
incomplete control of the current disease by 
the current anti-hypertensive treatment. Such 
a finding suggests to the clinician an integrated 
therapeutic approach, in which should be take 
place not only conventional, medical and/or 
surgical treatments, but also the correction of 
life-style and, eventually, the intake of 
antioxidants. 

Finally, ideal candidates for the BAP test 
are all the subjects that undergo 
pharmacotherapy (e. g. with chemo-
therapeuticals, hormone replacement therapy, 
contraceptive pill, etc.), surgical interventions 
(e. g. organ transplantation, by-pass, etc.), 
including dialysis, all conditions being able to 
favor oxidative stress by increasing the daily 
requirements of antioxidants (53, 54). 

In all these conditions, the aim is to 
identify and to prevent oxidative stress and its 
consequences, and, particularly, to monitor the 
efficacy of eventual current measures with the 
ultimate objective of preventing oxidative 
tissue damage (56). 

Furthermore, according to the guidelines of 
the International Observatory of Oxidative 
Stress, Free Radicals and Antioxidant Systems, 
the BAP test is very useful, together d-ROMs 
test, in the so-called global assessment of 
oxidative stress, now very easy to perform 
grace to a specific diagnostic algorithm (41, 
58).  

In this situation, when d-ROMs value is 
increased, an optimal value of BAP test should 
require the dosing of a single antioxidant. 
Alternatively, if such a dosing is not available, 
we suggest a mix of antioxidants according to 
the RDA tables. This should enable the 
antioxidant defenses to balance the increased 
oxidative status, as detected by the increased 
d-ROMs test values, especially when more than 
one risk factor is present (e. g. exposition to 
radiations, cigarette smoke, pollutants, etc.). 

 

 
11. Concluding remarks 

 
 
Scientific evidence shows that BAP test is 

very useful in the assessment of antioxidant 
activity of blood plasma. A 

According to the wide available scientific 
literature BAP test was validated by ESR/EPR 
and provided results that largely parallel to 
those of FRAP test, against which it appears 
quicker and simpler to perform. Indeed, the 
preparation and management of the FRAP 
reagents is a step somewhat complex, 
compared to that of BAP test, so that manual 

procedure of FRAP test can increase analytical 
variability. Moreover, a further increase of 
analytical accuracy was recently reached by 
the application of BAP test to automatic 
analytical devices. 

Finally, according to the novel concept of 
global oxidative stress assessment, the BAP 
test is a reliable assay able to integrate the 
results of d-ROMs test, which allows for the 
assessing of the total oxidant status of blood 
plasma.  
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