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Abstract

The method using 2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid (ABTS) is currently used to access the total
antioxidant capacity (TAA) of biological samples and is based on the production of its radicals through the reaction
with an oxidant. Plasma is a biological matrix used in this method because it has several antioxidant molecules,
including metal binding proteins, urate, bilirubin and superoxide dismutase. Nevertheless, it is important to know
the limits of its application in the work environment. This knowledge is obtained through validation procedures
aiming at characterizing methodological parameters, such as linearity, repeatability, limit of detection and
quantification, precision, accuracy and robustness. The objective of this study is to evaluate the ability of ABTS
method to access TAA, as well as to determine its reliably and methodological parameters. Plasma from 10 healthy
volunteers aged 18-22 years were included in the study. The antioxidant activity was determined by ABTS method.
The validation was performed following the recommended procedures. Determination coefficient was 0.9956. The
limits of detection and quantification identified were, in sequence, 0.20 mM and 0.60 mM. The test showed accuracy
of 107% (1.0 mM), 105% (1.5 mM) and 101% (2.0 mM). In the repeatability analysis, the coefficient of variation
(CV), in the above concentrations, was 13.48; 7.61 and 5.29%; for intermediate precision were 13.58; 9.84 and
6.68%; and for robustness, were 10,24; 4.47 and 2.19%. The mean value of plasma antioxidant capacity was 2,05
mM. This study demonstrated that ABTS method had high reliability of application for quantification of total
antioxidant activity in human plasma under protocol conditions. However, its methodological parameters should
be tested for other biological matrix or, should procedure steps are changed.
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INTRODUCTION

The determination of the antioxidant capacity can be carried out through several parameters, including the metal ion reduction
capacity, as ferric reducing antioxidant power (FRAP) and cupric ion reducing antioxidant capacity (CUPRAC); the ablation of a
peroxyl radical, such as oxygen radical absorbance capacity (ORAC) and total reactive antioxidant potential (TRAP); radical
reduction including ABTS — 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) and DPPH - 2,2-Diphenyl-1-picryl-hydrazyl
method, and the verification of the amount of products developed during the lipid peroxidation process (TBARS- thiobarbituric
acid reactive substances, oxidation of LDL, or co-oxidation of B-carotene). The methodologies FRAP, ABTS, DPPH and ORAC
are currently the most used for the determination of total antioxidant activity (TAA) in vitro (Duarte-Almeida et al., 2006; Pandey
and Rizvi, 2009).

ABTS method is based on the production of the radical (ABTS™) through the reaction with an oxidant system, such as
hydrogen peroxide and peroxidase, the radical in contact with the sample containing antioxidants is reduced, promoting reduction
of the intensity of initial green color, resulting in decreased absorbance (Kambayashi et al., 2009; Fischer et al., 2005). The
advantages of this method include the possibility of being used for both water soluble and liposoluble samples (Miller et al., 1993;
Mironczuk-Chodakowska et al., 2018).
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Plasma is a biological matrix used for TAA determination through the ABTSe+ because it has several antioxidant molecules
such as proteins with thiol groups, urates, bilirubin, albumin, ceruloplasmin, transferrin, ferritin and superoxide dismutase (Miller
et al., 1993; Mironczuk-Chodakowska et al., 2018).

Differences in the normal TAA values can be caused by changes applied in the methods. Thus, it is important to apply the
method appropriately and know its limits of application in a specific work environment. This knowledge is obtained through
validation procedures, an essential requirement in the use and adaptation of the methodology, development of new techniques and
use of different equipment. The analytical parameters normally used for method validation are linearity, repeatability, limit of
detection and quantification, precision, accuracy and robustness (Ministério da Saide, 2003; Van Amsterdam et al., 2013).

The objective of this research is to demonstrate the limit of detection, limit of quantitation, linearity, accuracy, precision and
robustness of ABTS method to access total antioxidant capacity on human blood plasma.

MATERIALS AND METHODS

The search was conducted in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki).
Plasma samples were obtained from 10 healthy volunteers (18-22 years), from the University of Medicine of Maranh&o, through
the centrifugation of 5 mL of EDTA-blood subjected to centrifugation for 20 minutes (1500 rpm) at room temperature. Presence
of disease, smoking, consumption of alcohol was considered as exclusion criteria.

Phosphate buffer (PBS) pH 7.2 and 6.8, 2,2'-azinobis (3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt; potassium
persulphate; 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 2,5 mM (Trolox). The reagents were purchased from Sigma
Aldrich (St. Louis, MO).

It was used the ABTS method (Miller at al., 1993), with adaptations. To prepare the ABTS"", 19.684 mL of ABTS solution (7
mM) and 352 pL of potassium persulfate (140 mM) were mixed and left at room temperature for 16 hours. The study solution
(SS) was obtained by adding PBS to the previously prepared solution until the absorbance at 734 nm reached 0.7 + 0.02 (ABTS £
47uM). Initially reading was performed on 1970ul of SS (TO0), then 30ul of plasma was added, completing a final solution of 2 ml,
which was shaken and after five minutes a new reading was performed (T5). PBS was used as blank and trolox (1 mM) as
standard. The result was obtained by the consumption of radical from the subtraction of the absorbance of T5 of the one identified
in TO and dividing them by TO, thus obtaining a TAA (TO-T5/T0=TAA), and it was expressed as trolox equivalent (mM). The
blank TAA is subtracted the sample TAA to obtain the corrected TAA (TAAC).

Validation was performed in triplicate, following the procedures recommended (Ministério da Satde, 2003; Van Amsterdam
et al., 2013).

Repeatability and intermediate accuracy were evaluated using three concentrations of trolox (1.0, 1.5 and 2.0 mM). Solutions
for repeatability were prepared in PBS (pH = 7.2) on the day of determination, and for two consecutive days by separate
examiners for between - run precision assessment.

In linearity the same previous concentrations and two other solutions with Trolox (0.5 and 2.5 mM).

The concentrations quoted in repeatability were prepared with phosphate buffer pH 6.8 for analysis of the robustness.

In exactness the three concentrations measures were used and the measured one (Cmeas) was compared to the actual value
(Cactual).

Limit of detection (LD) and of quantitation (LQ) were obtained by statistical analysis.

We used the Action Stat 3.4.152.34 for descriptive statistics, to determine limit of detection and limit of quantitation. The
linearity was analysed by Pearson’s correlation coefficient using BioEstat 5.3.

RESULTS AND DISCUSSION
The linear concentration range obtained by the proposed method demonstrates a correlation coefficient (R2) higher than 0.99

(Figure 1), which shows perfect compliance with the current recommendations (Ministério da Satude, 2003; Van Amsterdam et al.,
2013).
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Figure 1: Linearity of the ABTS method. R>=Pearson’s correlation coefficient.
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Through the analysis of repeatability, precision and robustness it was observed in Table 1 that the method did not present
daily changes or changes imposed by different analysts and pH, as the determined CV are less than 15% (Ministério da Salde,
2003; Van Amsterdam et al., 2013).

Table 1: Results of repeatability, accuracy and robustness

Trolox (mM) | Absorbance | CV%
1.0 0.587 | 0.472 | 0.465 | 13.48
Repeatability 15 0.764 | 0.672 | 0.670 | 7.61
2.0 0.927 | 0.850 | 0.844 | 5.29
10 A ]0.590 | 0.596 | 0.468 | 13.58
' B 0.598 | 0.461 | 0.462
Between - run precision 15 A 0.786 | 0.788 | 0.797 | 9.84
(Different analysts) ' B 0.664 | 0.671 | 0.648
20 A 10.927 | 0.923 | 0.922 | 6.68
' B 0.822 | 0.818 | 0.814
10 6.8 | 0.471]0.475|0.589 | 10.24
' 7.2 | 0.569 | 0.587 | 0.575
Robustness 15 6.8 | 0.672 | 0.670 | 0.664 | 4.47
(pH 6.8 and 7.2) ' 7.2 |0.732|0.712 | 0.728
20 6.8 | 0.850 | 0.848 | 0.853 | 2.19
' 7.2 |0.892 | 0.882 | 0.877

Analyst A; Analyst B; Coefficient of Variation (CV) calculated according to Ministério da Saude, (2003).

From the values of LQ (0.20 mM) and LD (0.60 mM), it is verified that the method has high sensitivity to detect and quantify
small amounts of TAAc in plasma (Ribani et al., 2004). The mean value of plasma TAAc was 2.05 + 0.02 mM.

The test showed accuracy of 107% (1.0 mM), 105% (1.5 mM) and 101% (2.0 mM). According to recommendations, the
exactness should be close to 100% (Van Amsterdam et al., 2013). Values ranging from 85 to 115% are recommended, since a
complex matrix, small concentration, and multiple step method was used (Ribani et al., 2004).

The TAA assay in plasma of the present study (2.05 mM) showed values within the normal range, 1.85 to 2.31 mM (Ondei et
al., 2009). Similar data were found in another study of the antioxidant status of healthy individuals (aged 16-25 years). It was
performed by means of TAA measurement, using the same analysed matrix, and obtained values of 2.17 £ 0.10 mM (Ondei et al.,
2014). Moreover, authors proposed that TAA decreases significantly in older individuals.However, also studying clinically
healthy individuals aged 18-25 years, found higher values of 3.1 £ 0,6 mM, but TAA was quantified by colorimetric ABTS
method, using a commercial determination kit (Costa et al., 2017). Also, in healthy subjects aged 27-36 years, was found 0.96 +
0.10 mM of TAA in serum determination using the ABTS kit (Onninga et al., 1998). Level of TAA on control subjects was 0.47 +
0.14 mM of plasma TAA, determined using an antioxidant assay kit (Vichaibun et al, 2019) from a different manufacturer than of
Costa et al. (2017). In those studies the results are expressed as molar equivalents (mM) of Trolox.

From the above, it is observed that the method of determination of TAA using ABTS (Miller at al., 1993) specifications,
presented corroborative results, whereas the use of different procedures, such as commercial kit (Costa et al., 2017), or different
matrix (Onninga et al., 1998), TAA values may vary, as expected.

CONCLUSION
The study demonstrates that the indicated method offers high reliability for quantification of TAA in plasma. Providing
reliable, robust, and accurate data proportional to the TAA sample concentration. Therefore, it can be used to analyse the
oxidative stress of human plasma sample under study in comparison to the control or to verify changes in the antioxidant capacity
after the ingestion of a certain food rich in antioxidants.
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