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Background and Objective: Oxidative stress plays an important role in the pathogensis of various diseases, including 
lung cancer, chronic obstructive pulmonary disease, and atherosclerosis. Total antioxidant capacity plays a significant role in 
the body’s antioxidant defense, so its assessment is a matter of the utmost importance. Currently, assessment of this capacity 
is performed in various scientific fields by expensive imported kits. The aim of the present study was to design a sensitive 
fluorometric method for the assessment of total antioxidant capacity and improvement of sensitivity, accuracy, and speed of 
the measurement.

Methods: The sensitivity and intra- and inter-assay accuracy, verification by recovery and parallelism tests, method 
comparison, and correlation and coherence evaluation were performed. To increase the accuracy and speed of reading, the 
assay was performed in a microplate and reading was done using a fluorometer plate.

Result: In accuracy assessment, intra- and inter-assay coefficient of variation was calculated to be 4.1-5.7 and 4.4-7.5, 
respectively. In validity evaluation, the recovery percentage was calculated to be 90-109, the recovery percentage range was 
90 to 109. Comparison of the results of this method on 50 serum samples with common colorimetric method, indicated a good 
correlation (0.93). The sensitivity of the studied method was 0.01 mM/l.

Conclusion: Microplate-reader fluorometry, in addition to increasing the speed of measurement, has enough efficacy, 
accuracy, and sensitivity to assess total antioxidant capacity and could be  an appropriate alternative for current colorimetric 
methods.
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Introduction

Production of active species, such as free
radicals is a part of human metabolism (1). Due
to high-damage potential for vital biological 
systems, active species are responsible for
aging and more than 100 diseases, including

  

cardiovascular diseases (CVD), neurological 
disorders (Alzheimer and Parkinson), diabetes, 
and cancer (2-4). Antioxidants help cells to 
overcome oxidative stress through effective 
trapping of the free radicals and consequently 
prevent the disease (5, 6). Eating enough fruits 
and vegetables decreases the risk of diseases and 
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it is recommend by most of the countries (7). This 
decrease is related to the presence of antioxidants 
(vitamin C, vitamin E, carotenoids, lycopene, 
and flavonoids) in fruits and vegetables, which 
help to prevent free radical damages. Antioxidant 
enzymes (AOE) include superoxide dismutase, 
catalase, and glutathione peroxidase and indirectly 
glutathione reductase (8, 9). Antioxidants can 
generally neutralize free radicals by giving an 
electron or at least inhibit the chain reactions 
that lead to tissue damage (10). Evaluation of 
plasma total antioxidant capacity is important 
for the diagnosis of diseases. Most conventional 
methods for evaluating total antioxidant capacity 
are making use of colorimetric reactions. In 
these reactions, the residual hydrogen peroxide 
produced from catalase enzyme activity, reacts 
with the chromogen. The amount of produced 
color has an inverse relationship with total 
antioxidant capacity (11). The sensitivity of 
emission methods, such as fluorimetry and 
luminometry is higher than absorption methods, 
such as colorimetric absorption (12, 13). The aim 
of this study was to design a sensitive fluorometric 
method for quick and simple assessment of total 
antioxidant capacity.

Materials and methods

An analytical scale (Sartorius, Germany), 
ELISA 96-well microplate reader (Sunrise, 
GmbH, Tecan, Austria), a fluorometric 96-well 
microplate reader (BMG FLUOstar, Austria), 
and an acidometer machine (Mettler MP-220, 
Switzerland), were used in this research.

Chemicals

All required chemicals with high degree 
of purity, including sodium phosphate, 
disodium phosphate, AAPH [2, 2′-azobis 
(2-amidinopropane) dihydrochloride], dichloro-
dihydro-fluorescein diacetate (DCFH-DA, 
fluorogene) (14), and peroxidase enzyme were 

purchased from Merck and Sigma Company. 
Black 96-well fluorometric microplates were 
purchased from Nunc Company (Denmark) for 
comparing the results of the studied method with 
a common method, and total antioxidant capacity 
kit was obtained from Randox Company, 
(Crumlin, UK). Double-distilled water was 
prepared using a glass distillation apparatus with 
a conductivity of less than 0.01 microsiemens 
(µS).

Reaction buffer

phosphate buffer (100 mM, pH 7.4) and Tris 
buffer (100 mM, pH 7.8) were prepared and 
stored at 2-8°C. 

AAPH initiator solution

Stock solution (100 mM) was stored at 2-8°C. 
Fresh solution (10 mM) was prepared from 
phosphate buffer. 

TAC standard solution with a defined activity

Ethanolic solution of Trolox (10 µM) was 
stored at -20°C). Fresh solution (1 mM) was 
prepared from phosphate buffer.

Fluorogenic substrate solution

Solutions at concentration of 1 mM were 
prepared using dimethyl sulfoxide (DMSO) as 
solvent and reaction buffer and stored at -20°C. 
Fresh solutions were used at a concentration of 
10 mM. The solution was photosensitive and 
prepared and kept in dark or aluminum foil 
wrapped containers.

The study sample

A total of 50 serum samples (5 ml) were taken 
from healthy volunteers referred to Taleghani 
Hospital for health checkup. The blood samples 
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were drawn into conventional tubes, incubated
for 10 min at room temperature, and then
centrifuged at 3500rpm for 15 min to separate
their serum.

Optimization of experiment method

  Optimum conditions (time, AAPH 
concentration, fluorogene concentration) were 
determined in 5 samples according to recovery 
test as follow:

  To assess the total antioxidant capacity, 10 µl 
of the serum sample and 50 µl of AAPH sample 
were added to each well of fluorescence reader 
96-well microplate (Nunc C, Denmark); the plate 
was incubated at 37°C for 15 min; then, 100 µl 
of fluorogenic dihydrofluorescein diacetate was 
added to the wells and after 15 min incubation 
at 37°C, the fluorometric reading was performed 
with excitation at 485 nm and emission at 535 
nm. The standard curve was drawn with the 
level of fluorescence signals as Y-axis and total 
antioxidant capacity as X-axis.

  Optimum conditions (time, AAPH 
concentration, and fluorogene concentration)
were determined based on the recovery test 
in 5 samples as follows: In each microplate, 
standards were used with the concentrations of 
0, 0.05, 0.1, 0.15, 0.2, 0.25, and 0.5 µg/µl. The 
standard curve was drawn with logarithm of 
the mean fluorescence signals of the standards 
as the Y-axis and total antioxidant capacity of 
the standards as the X-axis. Total antioxidant 
capacity was calculated using linear regression 
analysis of the above curve. Deionized double- 
distilled water was used as the zero standard. 
The activity related to mean zero standard 
signal with 10 times repetition plus double 
standard deviation, was established as a basis for
determining the detection limit of this method.
Serial dilution of a serum sample was used for 
confirmation. Deionized double-distilled water 
was used for dilution.

To evaluate the accuracy of the method, intra

  

and inter-assays of samples with low, medium, 
and high concentrations with an 8-time repetition, 
were used.

Evaluation of total antioxidant capacity after 
adding different standards to 6 random samples 
with a 3-time repetition, was established as a 
basis for the recovery test. The increase of zero 
standard was used as control.

The evaluation of total antioxidant capacity 
in 6 samples with low, medium, and high 
concentration after the serial dilution with a 
3-time repetition was established as the basis for 
the parallelism test. The results of this method 
and colorimetric method were investigated in 50 
samples.

Statistical analysis

The obtained data were analyzed using SPSS 
software. Quantitative variables were presented 
as mean±standard deviation. Pearson regression 
test was used to compare the two methods. As 
mentioned earlier, the percentage of variation 
coefficient was used to indicate the accuracy of 
the two method.

Results

In different conditions of time, AAPH 
concentration, and fluorogene concentration, the 
recovery of total antioxidant capacity in 5 samples 
showed that 15 min of time, 50 µl concentration  
of AAPH, and 100 µl concentration of fluorogene 
were considered as optimum conditions.

The detection limit was determined to be 0.01 
mM/l according to the concentration of mean 
zero standard signal with a 10-times repetition 
plus its double standard deviation.

The internal test percentage of intra-assay 
coefficient variations in samples with low, 
medium, and high concentrations was calculated 
to be 5.7, 4.1, and 5.3, respectively. These 
coefficients for inter-assay were 7.5, 4.4, and 6.7, 
respectively (Table 1 and 2).
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The percentage Mean coefficient of 
variation  (mmol/l)

Standard deviation Number of repetitions

5.7
0.1

0.0057 8

4.1
0.25

0.0102 8

5.3
0.5

0.0265 8

Table 1
Results obtained from the evaluation of internal test coefficient of variation and total antioxidant capacity using fluorometry method and 
microplate reading through an 8-time repetition

Table 2
Results obtained from the evaluation of external test coefficient of variation and total antioxidant capacity using fluorometry method and 
microplate reading through an 8-time repetition

The percentage Mean coefficient of 
variation  (mmol/l)

Standard deviation Number of repetitions

7.5
0.1

0.0075 8

4.4
0.25

0.011 8

6.7
0.5

0.0335 8

Table 3
Results obtained from the recovery test in evaluation of total antioxidant capacity using fluorometry method and microplate reading

The percentage measured 
recovery 

Sample concentration (mmol/l)
Standard (mmol/l)

Expected rate

109
0.125

0.136
0.05
0.141

2

94
0.150

0.1
0.215

2

107
20

0.2
0.225

2

90 0.3 2

0.25 - -

105 0.366 2

0.35 0.5 -
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  As can be seen in Table 3, the recovery of 
6 samples was calculated to be 90-109%. The 
ratio of measured concentration to expected 
concentration after serial dilution up to 1:32 was 
obtained 0.94 to 1.08 (Table 4).

  Regression analysis between the results of 
fluorometric method and the comon

colorimetric method showed a good correlation
(r=0.93) (Fig. 1).

Discussion

Currently, evaluation of total antioxidant

  

Table 3
Results obtained from the parallel test in evaluation of total antioxidant capacity using fluorometry method and microplate reading

Expected ratio (mmol/l) Dilution Measurement (mmol/l)
100
1.00

1 1.00

1.06
0.50

2 0.53

1.08
0.25

4 0.27

0.94 - 0.118

0.125 8 -

1.11 - 0.069

0.062 16 -

1.09 - 0.033

0.0301 32 -

capacity has attracted a lot of attention, because 
antioxidant depletion can lead to various diseases 
(15). In the recent years, several methods 
have been reported for the evaluation of total 
antioxidant capacity (16, 17). This evaluation 
could be useful for prediction of the risk of 
tissue damage induced by free radicals (18). Kao 
and Pryor (1998), compared three assessment 
methods of Oxygen Radical Absorption Capacity 
(ORAC), Trolox equivalent antioxidant capacity 
(TEAC), and ferric reducing antioxidant power 
(FRAP) for total antioxidant capacity evaluation. 
FRAP assay is simple and low-cost, cannot 
measure the antioxidants containing thiol group 
(–SH). ORAC assay has high specificity and 
responds to various antioxidants, but needs 60 
min more than the two other assays to give the 
results (12).

Ziyatdinova et al. (2006), devised a continuous-
flow colorimetric method to determine total 
antioxidant capacity in human plasma according 
to reaction of plasma antioxidants with 
electrogenerated bromine (19). 

Wayner et al. (1985), for the first time reported 
the development of total radical-trapping 

Fig. 1
Comparing the results of total antioxidant capacity evaluation by 
fluorometry method and microplate reading with the conventional 
colorimetric kit method in 50 serum samples
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antioxidant parameter (TRAP) method, in which 
sample volume is used to determine peroxyl 
radical absorption capacity related to antioxidants 
in biofluids. Peroxyl radicals are produced by 
thermal decomposition of AAPH at a constant 
velocity. In this assessment, beta-phycoerythrin 
fluorescent reagent is used for quick reaction of 
antioxidants with peroxyl radicals. Reduction 
kinetics of beta-phycoerythrin fluorescence 
provide information about the amount of (per) 
oxidative damage and scavenging activity of 
antioxidants’ peroxyl radical (20). Gaboraiu et al. 
(2002), developed autoxidation homovanillic acid 
(HVA) method to determine antioxidant capacity 
of plasma or other biofluids, in which a sample 
of 2 ml is incubated at 37°C, and fluorescence 
is measured every 5 s at excitation wavelength 
of 315 nm and at emission wavelength of 425 
nm for the subsequent 100 seconds (21). In 
ORAC method, all active defensive antioxidants, 
including non-protein antioxidants and most of 
the protein antioxidants are oxidized. Among 
numerous types of oxygen radicals produced in 
the body, peroxyl radical may not be biologically 
the most appropriate one (22).

In this study, given the importance of the total 
antioxidant capacity evaluation, this capacity 
was assessed in human serum samples using 
fluorometric method. In this research, three 
separately reported approaches of improvement 
of total antioxidant capacity evaluation, were 
used after optimization to finally develop a 
method consisting of all the above-mentioned 
advantages.

In the first approach, most of the reported 
methods and available kits have taken advantage 
of different colorimetric methods and dyes that 
mostly have low solubility. In this method, 
however, fluorescence signaling system derived 
from fluorogenic oxidation, has been used to 
increase the accuracy, and in contrast to insoluble 
dyes, is more soluble in aquatic environment and 
produces more signals. In the second approach, 
the assessmnet and reading were carried out in 

a 96-well microplate to increase the accuracy. 
This change improved accuracy and repeatability 
of the results in addition to decrease in total 
experiment time.
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