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Improvements in antioxidant status after agraz consumption was associated to 
reductions in cardiovascular risk factors in women with metabolic syndrome 
Catalina Marín-Echeverri a, Manuela Piedrahita-Blandón a, Yeisson Galvis-Pérez a, Christopher N. Blesso b, 
María-Luz Fernández b, Vitelbina Nuñez-Rangela and Jacqueline Barona-Acevedo a

aToxinology and Food and Therapeutic Alternatives, School of Microbiology, Universidad de Antioquia UdeA, Medellín, Colombia; bDepartment 
of Nutritional Sciences, University of Connecticut, Storrs, CT, USA

ABSTRACT
In this study were evaluated the effects of the chronic consumption of agraz (Vaccinium meridio-
nale) on antioxidant status and oxidative stress markers in 40 women with metabolic syndrome 
(MetS) (47.2 ± 9.4 years) through a double-blind, crossover design study, in which participants 
consumed daily agraz or placebo during 4 weeks, separated by a 4-wk washout period. At the end 
of each intervention period, endogenous antioxidant enzymes activity, serum total antioxidant 
capacity (TAC) (ferric reducing ability of plasma [FRAP]; Oxygen Radical Absorbance Capacity 
[ORAC] and 2,2ʹ-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) [ABTS]), and oxidative stress 
markers (Oxo-2ʹ-deoxyguanosine (8-OHdG) and F2-isoprostane) were determined. Women who 
increased endogenous antioxidant enzymes activity and serum TAC after agraz consumption, 
compared to placebo, significantly reduced oxidative stress markers, total cholesterol, LDL-cho-
lesterol (LDL-c) levels, and waist circumference, demonstrating beneficial effects in the group of 
women in whom antioxidant parameters increased after agraz consumption, evidencing an 
individual variability in response to the beverage consumed.

Mejoras en el estado antioxidante después del consumo de agraz se asociaron 
con reducciones en factores de riesgo cardiovascular en mujeres con síndrome 
metabólico

RESUMEN
En este estudio se evaluaron los efectos del consumo crónico de agraz (Vaccinium meridionale) sobre 
el estado antioxidante y los marcadores de estrés oxidativo en 40 mujeres con síndrome metabólico 
(SM) (47,2 ± 9,4 años) mediante un estudio de diseño cruzado, doble ciego, en el que los participantes 
consumieron diariamente agraz o placebo durante 4 semanas, separados por un período de lavado de 
4 semanas. Al final de cada período de intervención se midió la actividad de las enzimas antioxidantes 
endógenas, la capacidad antioxidante total en suero (capacidad reductora férrica del plasma [FRAP]; la 
capacidad de absorbancia de radicales de oxígeno [ORAC] y 2,2ʹ-azino-bis (3-etilbenzotiazolina) -Ácido 
6-sulfónico) [ABTS]) y marcadores de estrés oxidativo (Oxo-2ʹ-desoxiguanosina (8-OHdG) y F2-isopros-
tano). Las mujeres que aumentaron la actividad de las enzimas antioxidantes endógenas y la 
capacidad antioxidante total sérica después del consumo de agraz, en comparación con el placebo, 
redujeron significativamente los marcadores de estrés oxidativo, el colesterol total, los niveles de 
colesterol LDL (c-LDL) y el perímetro abdominal, demostrando efectos benéficos en el grupo de 
mujeres que aumentaron los parámetros antioxidantes luego del consumo de agraz, evidenciando 
una variabilidad individual en respuesta a la bebida consumida.
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1. Introduction

People with metabolic syndrome (MetS) have an increased 
risk to develop cardiovascular diseases (CVD), which repre-
sent the leading cause of mortality in the world (Roth et al., 
2017). This syndrome is defined by the National Cholesterol 
Education Program, Adult Treatment Panel III (NCEP-ATPIII) 
as the presence of three or more cardiovascular risk factors 
(CVRF) including high waist circumference, high blood pres-
sure, elevated levels of fasting blood triglycerides (TG) and 
glucose levels, and low high-density lipoprotein cholesterol 
(HDL-c) levels (Alberti et al., 2009).

In addition to these CVRF, people with MetS also presents 
oxidative stress (Bhutia et al., 2018), which has been defined 

as an unbalance between the generation of oxidative spe-
cies and the antioxidant status, in favor of the oxidative 
species (Betteridge, 2000). In this sense, compared with 
people without MetS, people with MetS have higher lipoper-
oxidation and oxidative DNA damage (Bhutia et al., 2018), 
and a reduced endogenous antioxidant enzymes activity 
such as superoxide dismutase (SOD), glutathione peroxidase 
(GPx) and catalase (CAT) (Sabir et al., 2016). In addition, total 
antioxidant capacity (TAC)-defined as the “global antioxidant 
efficiency mirroring the multiple aspects of redox interac-
tions” (Serafini & Del Rio, 2004, p. 106)-, is significantly 
reduced as the components of MetS increase (Bakhtiari et 
al., 2017). All these alterations on the antioxidant status are 
significantly related to CVRF (Brunelli et al., 2017).
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Contrarily, it has been demonstrated that an antioxi-
dant-rich diet like increased fruit and vegetables consump-
tion has beneficial effects on the reduction of CVD risk (Kim 
et al., 2016) associated with increases in blood TAC (Nälsén 
et al., 2006), endogenous antioxidant enzyme activity 
(Shiraseb et al., 2015) and reduction of lipids, insulin resis-
tance, inflammation (Kim et al., 2016), and hypertension 
(Villaverde et al., 2019), among other CVRF. These beneficial 
effects have been related to bioactive compounds such as 
polyphenols, a group of secondary metabolites of plants, 
and common antioxidants in a great variety of foods 
(Pérez-Jiménez et al., 2010). In this sense, dietary polyphe-
nol intake has shown to reduce the prevalence of MetS 
components (Zujko et al., 2018).

Vaccinium meridionale also called agraz, is an important 
source of polyphenols (total phenol content between 
609 ± 31 mg to 758.6 ± 62.3 Gallic Acid equivalents/100 g 
fresh fruit), specially anthocyanins, with a high TAC (Garzón 
et al., 2010; Gaviria et al., 2009). In 2018, a study conducted 
with rats evaluating the effects of this fruit in ischemia- 
reperfusion, demonstrated that agraz significantly improved 
systolic and diastolic function and antioxidant capacity, 
increased SOD and CAT activity and reduced lipid peroxida-
tion (Shen et al., 2018). Given these characteristics, agraz has 
generated great interest for its potential effects on human 
health. Currently, there is very limited information in humans 
about the effects of agraz on endogenous antioxidant 
enzymes activity, serum TAC and its relationship with CVRF. 
Therefore, we aimed to evaluate the effects of the chronic 
consumption of agraz on antioxidant and oxidative stress 
markers in women with CVRF, i.e. with MetS.

2. Methods

2.1. Study population

In this study, 40 women from Medellín- Colombia, between 
25 and 60 years old and with MetS, according to the NCEP 
ATP-III, were included (Alberti et al., 2009). MetS was defined 
as having three or more of the following risk factors: waist 
circumference ≥88 cm; triglycerides ≥150 mg/dL; HDL- 
c < 50 mg/dL; blood pressure ≥130/≥85 mmHg, and fasting 
plasma glucose ≥100 mg/dL. Exclusion criteria included the 
presence of kidney disease, heart disease, diabetes; having 
TG ≥ 500 mg/dL, fasting plasma glucose ≥126 mg/dL, low- 
density lipoprotein cholesterol (LDL-c) ≥190 mg/dL, blood 
pressure ≥140/90 mm Hg; smoking; taking anti-inflamma-
tory, lipid-lowering, hypoglycemic, and anti-hypertensive 
medications; being pregnant or planning to become preg-
nant; consuming supplements or nutraceuticals and the 
intake of more than 20 g alcohol per day. This study was 
conducted according to the Declaration of Helsinki and it 
was approved by the Human Bioethics Committee of the 
Sede de Investigación Universitaria, University of Antioquia 
(Act No. 15–35-558-02). Written informed consent was 
obtained from all subjects.

2.2. Dosage information

Agraz fruits were bought in the east of Antioquia (Colombia), 
and processed in a food laboratory from the University of 
Antioquia to produce a lyophilized product to preserve its 
bioactive compounds. The daily dose of the agraz beverage 

was prepared with 7.38 g of lyophilized product dissolved in 
200 mL of pure water, which was equivalent to the total 
phenols present in 200 g of fresh agraz fruit (1,027.9 mg 
Gallic Acid equivalents in 200 mL). The placebo was 
designed by food engineers from the University of 
Antioquia using food-grade ingredients to simulate organo-
leptic and physicochemical characteristics of the agraz bev-
erage, but lacking polyphenols. The daily dose of placebo 
was also 200 mL. Microbiologic and physicochemical char-
acterization of the agraz and placebo beverages have been 
described previously (Quintero-Quiroz et al., 2019).

2.3. Study design

This was a double-blind, placebo-controlled, crossover 
design study. The method used for the beverage assignation 
was the alternating quasi-randomization allocation method, 
in which, one subject received the placebo, and the next 
received the agraz beverage, and so on. The total duration of 
the study was 12 weeks: four weeks of agraz or placebo 
consumption, 4 weeks of washout, and finally 4 weeks of 
the alternate treatment (Figure 1). During the study, women 
were asked to avoid consumption of polyphenol-rich foods, 
such as grapes, wine, green tea, other berries, among others. 
To verify the daily consumption of the beverage in each 
intervention period and the abstinence of polyphenol-rich 
foods, a questionnaire was used (Barona et al., 2012). 
Adherence less than 70% was considered a criterium to 
withdraw a volunteer from the study. Likewise, participants 
were asked to keep their usual physical activity and diet 
throughout the study. To verify compliance with this criteria, 
physical activity was monitored through a seven-day physi-
cal activity record at the baseline and end of each interven-
tion period. In addition, diet was also evaluated using a 
modified food frequency questionnaire (FFQ) designed and 
validated previously in the University of Antioquia (Álvarez 
Monsalve & González Zapata, 2011). This FFQ included nine 
different food groups and 143 foods, allowing to determine 
the kilocalories and macronutrients consumed in the last 
month; it was completed at baseline and end of each inter-
vention period.

2.4. Sample size

The sample size was estimated with the software Epidat 
(version 3.1), based on the results of a previous research 
with similar protocol, in which a sample size of 40 subjects 
was considered adequate to provide sufficient statistical 
power to detect a statistically significant difference in systo-
lic blood pressure (one of MetS parameters) (Barona et al., 
2012). Considering an expected mean difference of 6 mmHg 
after four weeks of polyphenol-rich beverage consumption, 
compared to placebo, with 95% confidence, and a minimum 
power of 80%, the software yielded a minimum necessary 
size of 40 subjects.

2.5. Anthropometrics, blood pressure, blood and 24- 
hour urine collection

Waist circumference and blood pressure were determined as 
previously reported (Marín-Echeverri et al., 2018). Venous 
blood was obtained after 12 h of overnight fasting using 
serum separator (yellow-topped) tubes. Then, samples were 
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centrifuged at 2000 × g for 10 min, the serum was separated 
and stored at −70°C. The participants were provided with a 
clean container and asked to collect the urine during 
24 hours, discarding the first urine in the morning, starting 
with the second urine and ending when the 24 hours of 
collection were completed. Participants kept the container 
with the urine at 4°C during the collection period. Urine 
samples were stored at −70°C. Urinary creatinine was deter-
mined in the 24-h urine sample to normalize the values of 
urinary F2-isoprostanes and 8-OHdG, and the results were 
expressed as ng/mg creatinine.

2.6. Endogenous antioxidant enzymes activity

The endogenous antioxidant enzymes activity was deter-
mined at the end of each intervention period. The activity 
of SOD was determined with the commercial OxiSelect™ kit 
Superoxide Dismutase Activity Assay (Cell Biolabs, Inc, CA, 
San Diego, USA), following manufacturer’s instructions. 
Results were expressed in U/mL. Likewise, CAT activity was 
measured using the OxiSelect™ Catalase Activity Assay Kit 
(Cell Biolabs, Inc, CA, San Diego, USA) following manufac-
turer’s instructions. Results were also expressed in U/mL. 
Finally, GPx activity was determined with the Glutathione 
Peroxidase Assay Kit (Cayman Chemical, MI, USA), following 
manufacturer’s instructions. Results were expressed in nmol/ 
min/mL.

2.7. Serum total antioxidant capacity (TAC)

Serum TAC was determined at the end of each intervention 
periods, using different methods:

ABTS [2,2ʹ-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid)] was determined using a modified method described by 
Re et al. (1999) Briefly, ABTS cation radical (ABTS•+) was gener-
ated with ABTS 7 mM and potassium persulfate 2,45 mM, 
incubating by 12–16 hours at room temperature. Then, ABTS 
was dissolved in PBS 5 mM pH 7.4 (to obtain an absorbance of 
0.70 (±0.02) at 734 nm at room temperature). This method was 
processed in 96-well microplate, in which 250 µL of ABTS 
solution was mixed with 2.5 µL of serum or Trolox standards 
(concentration 0–2000 µM) by triplicate. After 5 minutes´ incu-
bation at room temperature, the absorbance was measured at 
734 nm using a microplate reader (Multiskan Go, Thermo 
Scientific, MA, Walthamcity, USA). Concentrations were deter-
mined using the standard curve and results were expressed in 
terms of μmol Trolox equivalents (TE)/mL.

The ferric reducing ability of plasma (FRAP) was measured 
using a modified method of Benzie and Strain (1996) in 
which FRAP reagent was prepared with 25 mL of 0.3 M 
acetate buffer-pH 3.6, 2.5 mL of TPTZ (2,4,6-tri-pyridyl-s-tria-
zine) 10 mM and 2.5 mL of ferric chloride hexahydrate 
(FeCl3.6H2O) 20 mM. In a 96-well microplate, 10 µl of 
serum diluted 1:3 with H2O, Trolox standards (concentration 
0–400 µM) or reagent blank was mixed with 300 µL of freshly 
prepared FRAP warmed at 37°C. The plate was incubated at 

Volunteers screened 
for elegibility 

(n=145)

Women excluded 
without MetS 

(n= 99)

Subjects entered the 
study (n=46) 

Placebo beverage 
200mL

4 weeks 

Placebo beverage 
200mL

4 weeks  

Agraz beverage 
200mL

4 weeks

Agraz beverage 
200mL

4 weeks 

Subjects completed 
the study (n=40) 

Washout period
4 weeks Participants were 

withdrawn from the 
study (n=6) 

No availability to participate 
(1)

Bypass surgery (1)

Pharmacological treatment 
was started for some MetS 

component (4)

Figure 1. Study protocol. 

Figura 1. Protocolo del estudio.
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37°C for 8 minutes and absorbances were measured at 
593 nm using a microplate reader (Multiskan Go, Thermo 
Scientific, MA, Walthamcity, USA). All reactions were pro-
cessed in triplicate. Results were expressed in terms of 
μmol TE/mL.

ORAC (Oxygen Radical Absorbance Capacity) was deter-
mined using a modified method of Ou et al. (2001) in which 
radical AAPH (2,2ʹ-Azobis(2-amidinopropane) dihydrochlor-
ide) generates a peroxyl radical, which oxidizes fluorescein, 
losing its fluorescence. In presence of serum antioxidants, 
the loss of fluorescence decreases. Serum samples were 
diluted 1:400 using phosphate buffer (pH 7.3) and Trolox 
was used as a standard (concentration 0–100 µM). The 
kinetics of oxidative degradation of fluorescein was deter-
mined using the differences in areas under the curves (AUC) 
at the excitation and emission wavelength of 485 and 
520 nm, respectively. Results were expressed in μmol TE/ 
mL and were obtained using the following formula

μmolTE
mLsample

¼
μmol

L
of the curveð Þ � DF � 1L

1000mL 

DF: Dilution factor

2.8. Oxidative stress markers

Oxidative stress markers were determined at the end of each 
intervention period. 8-Oxo-2ʹ-deoxyguanosine (8-OHdG) and 
F2-isoprostane levels were determined in 24-hour urine, using 
the commercial kit 8-hydroxy 2 deoxyguanosine ELISA Kit 
(Abcam, Cambridge, MA, USA) and OxiSelect™ 8-iso-prosta-
glandin F2 ELISA kit (Cell Biolabs, Inc., San Diego, CA, USA), 
respectively, following manufacturer’s instructions. Results 
were expressed in terms of ng/mg creatinine.

2.9. Statistical analysis

To evaluate data distribution, Shapiro Wilk test was used. 
Variables with non-normal distribution were log-trans-
formed and verified again with Shapiro Wilk test. Data are 
presented as mean and standard deviation (SD). To deter-
mine the differences between the results obtained at the 
end of each intervention period, a paired T-test was imple-
mented. In addition, changes after agraz consumption 
compared to placebo were calculated subtracting the 

results obtained after agraz consumption minus those 
obtained after placebo consumption. Thus, it was possible 
to determine increases or reductions in each variable, and 
to determine the association of the changes among vari-
ables through one-way ANCOVA, with adherence as a cov-
ariate. All analyses were done using SPSS version 21 for 
Windows (SPSS, IBM Corporation, 2012). Differences with a 
value of p < .05 were considered significant.

3. Results

Forty women with MetS (47.2 ± 9.4 years old) were included 
in this study. The baseline metabolic syndrome characteris-
tics for these women have been previously reported 
(Espinosa-Moncada et al., 2018). There were no statistical 
differences regarding these clinical parameters between 
the baseline data of each consumption period (p > .05) 
(Espinosa-Moncada et al., 2018). Adherence was around 
95%, indicating an adequate intake of each beverage (pla-
cebo and agraz) and abstinence from polyphenol-rich foods. 
In addition, no statistical differences were found in diet 
(kilocalories and macronutrients intake) and physical activity 
during the whole study (p ≥ 0.05).

There were no statistical differences in endogenous anti-
oxidants enzymes and serum TAC measured by ABTS, FRAP 
and ORAC, after 4 weeks of consuming agraz compared to 
placebo (p < .05) (Table 1).

Regarding oxidative stress markers, we previously had 
reported a significant reduction in 8-OHdG of −0.27 ± 0.72 
ng/mg creatinine after agraz consumption compared to pla-
cebo (p = .041) (Espinosa-Moncada et al., 2018). However, no 
changes were found in F2-isoprostanes in this group of 
women.

Interestingly, women who increased SOD activity after 
agraz consumption (n = 21), compared to placebo, signifi-
cantly reduced oxidative stress markers like 8-OHdG 
(p = .022) and F2-isoprostane (p = .034) (Figure 2). 
Likewise, in those women in whom GPx activity increased 
after agraz consumption (n = 18), compared to placebo, 
significant reductions in total cholesterol (p = .023) and 
LDL-c (p = .022) levels were found (Figure 3). Finally, the 
increase in serum TAC (determined by ABTS) after 4 weeks of 
agraz consumption, was significantly associated with waist 
circumference reduction (p = .017) (Figure 4).

Table 1. Antioxidant enzymes activity and serum total antioxidant capacity after 4 weeks of agraz consumption, compared to placebo, in women with metabolic 
syndrome. 

Tabla 1. Actividad de enzimas antioxidantes y capacidad antioxidante sérica total después de 4 semanas de consumo de agraz, comparado con placebo, en 
mujeres con síndrome metabólico.

Placebo Agraz

Variables n Mean ±SD or median (p25-p75) n Mean ±SD or median (p25-p75) Δ Change (Agraz-placebo) Mean ±SD p

SOD (U/mL) a 37 228.6 (185.4-266.7) 34 231.4 (196.4-291.7) 14.7±68.4 0.402
CAT (U/mL) a 37 300.5 (250.6-357.7) 37 296.7 (264-330.6) 7.1±78.2 0.667
GPx (nmol/min/ml) a 40 84.7 (65.7-148.5) 40 83.5 (59.6-121.2) -2 (-23.4, 31) 0.670
ABTS (µM Trolox Eq/mL) a 40 2.2 (2.2-2.4) 40 2.3 (2.2-2.3) 0.0±0.1 0.771
FRAP (µM Trolox Eq/mL) b 40 814.6±162.5 40 810.2±176.9 -4.5±111.3 0.996
ORAC (µM Trolox Eq/mL) b 40 17.3±4.8 40 17.4±4.9 0.1±3.4 0.848

a. T paired or b. Wilcoxon test; * significance p < 0.05  

a. Prueba T pareada o b. Prueba de Wilcoxon; * significancia p < 0.05  

Abbreviations: SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase; ABTS, 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); FRAP, Ferric 
reducing ability of plasma; ORAC, Oxygen radical absorbance capacity.  

Abreviaciones: SOD, superóxido dismutasa; CAT, catalasa; GPx, glutatión peroxidasa; ABTS, 2, 2ʹ-Azino-bis-(3-etil- benzo-tiazolina-6-acido sulfónico); FRAP, 
habilidad reductora férrica del plasma; ORAC, capacidad de absorbancia de radicales de oxígeno. 
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4. Discussion

To the best of our knowledge, this study is the first in 
evaluating the effect of V. meridionale consumption on 
endogenous antioxidant enzymes activity and to determine 

TAC by the methods described, in people at high risk of CVD. 
We demonstrated that chronic consumption (4 weeks) of 
agraz, with the daily dose provided in this study, did not 
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Figure 2. Changes in superoxide dismutase (SOD) activity and effects on oxidative stress markers after 4 weeks of agraz consumption, compared to placebo, in 
women with metabolic syndrome. (a) Changes in SOD and effects on urinary 8-OHdG. (b) Changes in SOD and effects on 8-isoprostane levels. ANOVA adjusted 
by adherence. * Significance p < 0.05. 

Figura 2. Cambios en la actividad de la superóxido dismutasa (SOD) y efectos en los marcadores de estrés oxidativo después de 4 semanas de consumo de 
agraz, comparado con placebo, en mujeres con síndrome metabólico. (a) Cambios en SOD y efectos en 8-OHdG urinario. (b) Cambios en SOD y efectos en los 
niveles de 8-isoprostanos. ANOVA ajustada por adherencia. * Significancia p < 0.05.
Abbreviations: SOD, superoxide dismutase; 8-OHdG, 8-hydroxydeoxyguanosine. Abreviaciones: SOD, superóxido dismutasa; 8-OHdG, 8-hidroxideoxiguanosina. 
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Figure 3. Changes in glutathione peroxidase (GPx) activity and effects on cardio-metabolic risk factors, after 4 weeks of agraz consumption, compared to 
placebo, in women with metabolic syndrome. Changes in GPx activity and effects on: (a) total cholesterol; (b) low-density lipoprotein cholesterol levels. ANOVA 
adjusted by adherence. * Significance p < 0.05. 

Figura 3. Cambios en la actividad de la glutatión peroxidasa (GPx) y efectos en factores de riesgo cardio-metabólico, después de 4 semanas de consumo de agraz, 
comparado con placebo, en mujeres con síndrome metabólico. Cambios en la actividad de GPx y efectos en: (a) colesterol total; (b) colesterol de las lipoproteínas de baja 
densidad. ANOVA ajustada por adherencia. * Significancia p < 0.05.
Abbreviations: GPx, glutathione peroxidase; LDL-c, low-density lipoprotein cholesterol. Abreviaciones: GPx, glutatión peroxidasa; LDL-c, colesterol de las lipoproteínas de baja densidad. 
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significantly modify antioxidant enzymes activity when com-
pared to placebo, in this group of women, when analyzed as 
a whole. Similarly, Riso et al. (2013), did not observe signifi-
cant changes in endogenous antioxidant enzyme activity in 
people with CVRF, in a crossover design study, evaluating 
the effects after 6 weeks of consuming a blueberry drink. 
Contrarily, studies evaluating the acute and chronic effects 
of polyphenols rich berries in healthy people, demonstrated 
beneficial effects with significant increases in the activity of 
enzymes such as SOD, CAT and GPx, influenced by polyphe-
nols (Kardum et al., 2014; Kuntz et al., 2014; Toaldo et al., 
2016). These effects could be explained by the lower levels 
of oxidative stress (OxS) observed in healthy people versus 
the higher levels in people with metabolic syndrome (Bhutia 
et al., 2018; Sabir et al., 2016); given that inactivation of 
enzymes activity mediated by products generated during 
oxidation has been reported (Kang, 2013). In fact, we 
reported a better anti-inflammatory effect after 4 weeks of 
agraz consumption in women having three MetS parameters 
in comparison with those with four MetS components 
(Espinosa-Moncada et al., 2018). Therefore, people included 
in this study might need strong lifestyle changes for achiev-
ing better results.

Interestingly, there was a group of women with increases 
in the activity of endogenous antioxidant enzymes after agraz 
consumption, in whom a protective effect was evidenced. 
Studies with anthocyanins, the main polyphenol present in 
berries, have shown reductions in OxS levels through signifi-
cant increases in endogenous antioxidant enzymes activity of 
CAT, SOD and GPx, and reducing reactive oxygen species (W. 
Huang et al., 2018; W.-Y. Huang et al., 2018). Although a clear 
mechanism has not been established, some authors have 

indicated that polyphenols and its metabolites, via phospha-
tidylinositol 3-kinase (PI3K) and mitogen-activated protein 
kinase (MAPK) induce the activation of nuclear factor ery-
throid 2-related factor 2 (Nrf2), an important transcription 
factor in the antioxidant response (Hwang et al., 2011; Varì 
et al., 2011).

In this study, women who increased SOD activity after 
agraz consumption, compared to placebo, significantly 
reduced markers of oxidative damage of lipids (F2-isopros-
tane) and DNA (8-OHdG), indicating a protective effect 
against oxidative damage of superoxide free radical in this 
group of people. Likewise, it has been demonstrated a 
negative correlation between SOD and F2-isoprostanes 
(Lee et al., 2017) and 8-OHdG (Himmetoglu et al., 2009). 
The protective effect of SOD could be explained by its 
biological role catalyzing the dismutation of superoxide radi-
cals to O2 and H2O (Bannister et al., 1973), given that super-
oxide radical (O2

−) participates in the hydroxyl radical 
production, a powerful oxidant involved in the oxidative 
damage of macromolecules such as lipids (Thomson et al., 
1990) and DNA (Keyer et al., 1995).

In addition, it is well known that GPx is an enzyme 
responsible for catalyzing hydrogen peroxide (H2O2) reduc-
tion to 2H2O mediated by the conversion of reduced glu-
tathione (GSH) to the glutathione oxidized form or 
glutathione disulfide (GSSG), thus, removing H2O2 from the 
tissues (Mills, 1957). Due to its important role in OxS, the 
reduced activity of this enzyme has been associated with a 
higher risk of CVD (Blankenberg et al., 2003). Interestingly, 
we also found that women with increases in GPx after agraz 
consumption, compared to placebo, have a significant 
reduction of CVRF such as total cholesterol and LDL-c. 
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Figure 4. Effects of changes in serum total antioxidant capacity (TAC; measured by ABTS) on waist circumference, after 4 weeks of agraz consumption, 
compared to placebo, in women with metabolic syndrome. ANOVA adjusted by adherence. *Significance p < 0.05. 

Figura 4. Efectos de los de los cambios en la capacidad antioxidante total sérica (TAC; medido por ABTS) sobre la circunferencia de cintura, después de 4 
semanas de consumo de agraz, comparado con placebo, en mujeres con síndrome metabólico. ANOVA ajustada por adherencia. * Significancia p < 0.05.
Abbreviations: TAC, total antioxidant capacity. Abreviaciones: TAC, capacidad antioxidante total. 
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These results are in accordance with a report by Blankenberg 
et al. (2003), who demonstrated that people with higher GPx 
activity have significantly less risk of future cardiovascular 
events, compared with people with lower GPx activity.

In this study, we determined TAC after agraz and placebo 
consumption, as a measure to evaluate the antioxidant 
capacity mediated by both exogenous (dietary) and endo-
genous antioxidants. It has been reported that anthocyanins 
(the main polyphenol in V.meridionale) have a low bioavail-
ability (Zhong et al., 2017). However, a maximal concentra-
tion of its phenolic metabolites in blood between 2 and 
30 hours, and a half-life between 0.5 and 96 hours, have 
been demonstrated after its consumption (De Ferrars et al., 
2014). In fact, studies evaluating blood TAC after an acute 
consumption (during 4 hours) of Vaccinium beverages, have 
shown significant increases in TAC determined by ABTS and 
ORAC methods, which is associated with increased levels of 
anthocyanins in blood (Kay & Holub, 2002; Mazza et al., 
2002). We did not find significant improvement in TAC 
after 4 weeks of agraz intake, compared to placebo, in this 
group of women. Similarly, Karlsen et al. (2010) did not 
observe increases in TAC determined by the same methods 
(FRAP, ORAC and ABTS) in a group of 31 subjects with at 
least one CVRF, after consuming bilberry juice during 
4 weeks. Contrarily, Basu et al. (2011), demonstrated that 
an 8-week intervention with cranberry juice in 31 women 
with MetS was enough to significantly increase TAC deter-
mined by the ABTS method, when compared with the base-
line. The intervention period of this last study was double of 
the time of our study and with a different fruit. Another 
study demonstrated increases in TAC, measured by the 
ABTS method, after 2 weeks of consuming an anthocyanin- 
rich juice, however, these results were obtained in healthy 
individuals (Kuntz et al., 2014). Our study included women 
with several CVRF with high levels of OxS, as others have 
reported (Sabir et al., 2016). Although in this study blood 
samples were collected after 12 hours of overnight fasting, a 
period where there could be phenolic metabolites in circula-
tion, it is possible the high levels of OxS in this group of 
women have not allowed to observe better results. 
Therefore, further studies exploring higher dosage or an 
extended duration of the supplementation are warranted.

Interestingly, we found that women who increased TAC 
determined by ABTS after 4 weeks of agraz consumption 
(n = 21), compared to placebo, had reduced significantly 
their waist circumference. TAC has been inversely associated 
with central obesity (Hermsdorff et al., 2011), and recently a 
significant reduction in waist circumference (4.1%) after 
21 days consuming 35 g/day of osmodehydrated agraz in 
25 overweight adults was reported (Torres et al., 2018). 
Although there is not a clear mechanism, anthocyanins like 
cyanidin 3–glucoside have been shown to ameliorate obe-
sity by upregulating brown adipose tissue mitochondrial 
function and inducing beige adipocyte phenotypes or 
“browning” of white fat, increasing so the energy expendi-
ture and improving insulin sensitivity (Matsukawa et al., 
2015, 2017). These findings indicate a cardioprotective effect 
of agraz in those women in whom the level or activity of 
antioxidant system increased after its consumption, posi-
tively impacting central obesity and OxS, two important 
risk factors for the development of a cardiovascular event.

This study presented some limitations. Although the ran-
domization would be ideal, the method used for the 

alternating beverage assignation was used in order to equi-
librate the number of participants to begin each period 
(agraz versus placebo), to reduce bias due to behavioral 
issues (collective holidays, climate conditions along the 
year). In addition, the sample size was small, which reduces 
the possibility to detect associations in the studied variables. 
In spite of that, the crossover design used in this study has 
some advantages: a smaller sample size is required in com-
parison to parallel studies, and patients serve as their own 
controls, which reduces the influence of confounders.

In conclusion, the chronic consumption (4 weeks) of a 
daily dose of agraz equivalent to 200 g of fresh fruit, in 40 
women with MetS, did not significantly increase serum TAC 
and endogenous antioxidant enzymes activity in the group 
as a whole. However, women in whom these antioxidant 
parameters increased after agraz consumption, several 
CVRF were improved, such as reductions in lipid and DNA 
oxidation, total cholesterol, LDL-c and waist circumference, 
demonstrating a beneficial effect of agraz in this sub-group 
of women. These results evidence an individual variability 
that influences the response to agraz consumption, which 
could be mediated by factors such as intestinal microbioma, 
food matrices, absorption, genetic variation, among others 
(Bento-Silva et al., 2020). More studies will be necessary in 
this regard.

Acknowledgments

We thank the volunteers for their participation and commitment to the 
study. Also, we thank to the food engineers Gelmy Ciro G. and Julián 
Quintero for the production and characterization of the agraz nectar 
and placebo used in this study.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding

This study was supported by Departamento Administrativo de Ciencia, 
Tecnología e Innovación (COLCIENCIAS) through two different grants: 
[111565740563, Contract No. 657-2014 and FP44842-124-2017]; and the 
Universidad de Antioquia, Medellin-Colombia.

ORCID
Catalina Marín-Echeverri http://orcid.org/0000-0002-4267-5677
Manuela Piedrahita-Blandón http://orcid.org/0000-0003-0431-4413
Yeisson Galvis-Pérez http://orcid.org/0000-0002-3600-2580
Christopher N. Blesso http://orcid.org/0000-0002-4434-4839
María-Luz Fernández http://orcid.org/0000-0002-1835-0792
Jacqueline Barona-Acevedo http://orcid.org/0000-0002-0592-9324

References

Alberti, K. G. M. M., Eckel, R. H., Grundy, S. M., Zimmet, P. Z., Cleeman, J. 
I., Donato, K. A., Fruchart, J.-C., James, W. P. T., Loria, C. M., & Smith, S. 
C. (2009). Harmonizing the metabolic syndrome: A joint interim 
statement of the international diabetes federation task force on 
epidemiology and prevention; National heart, lung, and blood insti-
tute; American heart association; World heart federation; 
International. Circulation, 120(16), 1640–1645. https://doi.org/10. 
1161/CIRCULATIONAHA.109.192644

Álvarez Monsalve, J. M., & González Zapata, L. I. (2011). Diseño de un 
cuestionario de frecuencia para evaluar ingesta alimentaria en la 
Universidad de Antioquia, Colombia. Nutricion Hospitalaria, 26(6), 
1333–1344. https://doi.org/10.1590/S0212-16112011000600021

244 C. MARÍN-ECHEVERRI ET AL.

https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1590/S0212-16112011000600021


Bakhtiari, A., Hajian-Tilaki, K., Omidvar, S., & Nasiri Amiri, F. (2017). 
Association of lipid peroxidation and antioxidant status with meta-
bolic syndrome in Iranian healthy elderly women. Biomedical Reports, 
7(4), 331–336. https://doi.org/10.3892/br.2017.964

Bannister, J. V., Bannister, W. H., Bray, R. C., Fielden, E. M., Roberts, P. B., & 
Rotilio, G. (1973). The superoxide dismutase activity of human ery-
throcuprein. FEBS Letters, 32(2), 303–306. https://doi.org/10.1016/ 
0014-5793(73)80859-2

Barona, J., Aristizabal, J. C., Blesso, C. N., Volek, J. S., & Fernandez, M. L. 
(2012). Grape polyphenols reduce blood pressure and increase flow- 
mediated vasodilation in men with metabolic syndrome. The Journal 
of Nutrition, 142(9), 1626–1632. https://doi.org/10.3945/jn.112.162743

Basu, A., Betts, N. M., Ortiz, J., Simmons, B., Wu, M., & Lyons, T. J. (2011). 
Low-energy cranberry juice decreases lipid oxidation and increases 
plasma antioxidant capacity in women with metabolic syndrome. 
Nutrition Research (New York, N.Y.), 31(3), 190–196. https://doi.org/ 
10.1016/j.nutres.2011.02.003

Bento-Silva, A., Koistinen, V. M., Mena, P., Bronze, M. R., Hanhineva, K., 
Sahlstrøm, S., Kitrytė, V., Moco, S., & Aura, A.-M. (2020). Factors 
affecting intake, metabolism and health benefits of phenolic acids: 
Do we understand individual variability? European Journal of 
Nutrition, 59(4), 1275–1293. https://doi.org/10.1007/s00394-019- 
01987-6

Benzie, I. F. F., & Strain, J. J. (1996). The ferric reducing ability of plasma 
(FRAP) as a measure of “antioxidant power”: The FRAP assay. Analytical 
Biochemistry, 239(1), 70–76. https://doi.org/10.1006/abio.1996.0292

Betteridge, D. J. (2000). What is oxidative stress? Metabolism: Clinical and 
Experimental, 49(2SUPPL. 1), 3–8. https://doi.org/10.1016/S0026-0495 
(00)80077-3

Bhutia, R., Sherpa, M., Singh, T., & Khandelwal, B. (2018). Oxidative stress 
in metabolic syndrome & its association with DNA-strand break. 
Indian Journal of Medical Research, 148(4), 435–440. https://doi.org/ 
10.4103/ijmr.IJMR_620_17

Blankenberg, S., Rupprecht, H. J., Bickel, C., Torzewski, M., Hafner, G., 
Tiret, L., Smieja, M., Cambien, F., Meyer, J., & Lackner, K. J., & 
AtheroGene Investigators. (2003). Glutathione peroxidase 1 activity 
and cardiovascular events in patients with coronary artery disease. 
The New England Journal of Medicine, 349(17), 1605–1613. https://doi. 
org/10.1056/NEJMoa030535

Brunelli, E., La Russa, D., & Pellegrino, D. (2017). Impaired oxidative 
status is strongly associated with cardiovascular risk factors. 
Oxidative Medicine and Cellular Longevity, 2017, Article ID 6480145, 
11 pp. https://doi.org/10.1155/2017/6480145

de Ferrars, R. M., Czank, C., Zhang, Q., Botting, N. P., Kroon, P. A., Cassidy, 
A., & Kay, C. D. (2014). The pharmacokinetics of anthocyanins and 
their metabolites in humans. British Journal of Pharmacology, 171(13), 
3268–3282. https://doi.org/10.1111/bph.12676

Espinosa-Moncada, J., Marín-Echeverri, C., Galvis-Pérez, Y., Ciro-Gómez, G., 
Aristizábal, J. C., Blesso, C. N., Fernandez, M. L., & Barona-Acevedo, J. 
(2018). Evaluation of Agraz consumption on adipocytokines, inflamma-
tion, and oxidative stress markers in women with metabolic syndrome. 
Nutrients, 10(11), 1639. https://doi.org/10.3390/nu10111639

Garzón, G. A., Narváez, C. E., Riedl, K. M., & Schwartz, S. J. (2010). 
Chemical composition, anthocyanins, non-anthocyanin phenolics 
and antioxidant activity of wild bilberry (Vaccinium meridionale 
Swartz) from Colombia. Food Chemistry, 122(4), 980–986. https://doi. 
org/10.1016/j.foodchem.2010.03.017

Gaviria, C. A., Ochoa, C. I., Sánchez, N. Y., Medina, C. I., Lobo, M., Galeano, 
P. L., Mosquera, A. J., Tamayo, A., Lopera, Y. E., & Rojano, B. A. (2009). 
Propiedades antioxidantes de los frutos de agraz o mortiño 
(Vaccinium meridionale Swartz). In G. A. Ligarreto (Ed.), Perspectivas 
del cultivo de agraz o mortiño en la zona altoandina de Colombia. 
Bogotá, DC: Universidad Nacional de Colombia. https://doi.org/10. 
13140/RG.2.1.3509.8084

Hermsdorff, H. H. M., Puchau, B., Volp, A. C. P., Barbosa, K. B. F., Bressan, 
J., Zulet, M. Á., & Martínez, J. A. (2011). Dietary total antioxidant 
capacity is inversely related to central adiposity as well as to meta-
bolic and oxidative stress markers in healthy young adults. Nutrition 
and Metabolism, 8(59), 1–8. https://doi.org/10.1186/1743-7075-8-59

Himmetoglu, S., Dincer, Y., Ersoy, Y. E., Bayraktar, B., Celik, V., & Akcay, T. 
(2009). DNA oxidation and antioxidant status in breast cancer. 
Journal of Investigative Medicine, 57(6), 720–723. https://doi.org/10. 
2310/JIM.0b013e3181adfb5b

Huang, W., Yan, Z., Li, D., Ma, Y., Zhou, J., & Sui, Z. (2018). Antioxidant 
and anti-inflammatory effects of blueberry anthocyanins on high 

glucose-induced human retinal capillary endothelial cells. Oxidative 
Medicine and Cellular Longevity, 2018, Article ID 1862462, 10 pp. 
https://doi.org/10.1155/2018/1862462

Huang, W.-Y., Wu, H., Li, D.-J., Song, J.-F., Xiao, Y.-D., Liu, C.-Q., Zhou, J.-Z., 
& Sui, Z.-Q. (2018). Protective effects of blueberry anthocyanins 
against H2O2-induced oxidative injuries in human retinal pigment 
epithelial cells. Journal of Agricultural and Food Chemistry, 66(7), 
1638–1648. https://doi.org/10.1021/acs.jafc.7b06135

Hwang, Y. P., Choi, J. H., Choi, J. M., Chung, Y. C., & Jeong, H. G. (2011). 
Protective mechanisms of anthocyanins from purple sweet potato 
against tert-butyl hydroperoxide-induced hepatotoxicity. Food and 
Chemical Toxicology, 49(9), 2081–2089. https://doi.org/10.1016/j.fct. 
2011.05.021

Kang, J. H. (2013). Modification and inactivation of Cu,Zn-superoxide 
dismutase by the lipid peroxidation product, acrolein. BMB Reports, 
46(11), 555–560. https://doi.org/10.5483/BMBRep.2013.46.11.138

Kardum, N., Takić, M., Šavikin, K., Zec, M., Zdunić, G., Spasić, S., & Konić- 
Ristić, A. (2014). Effects of polyphenol-rich chokeberry juice on cel-
lular antioxidant enzymes and membrane lipid status in healthy 
women. Journal of Functional Foods, 9(1), 89–97. https://doi.org/10. 
1016/j.jff.2014.04.019

Karlsen, A., Paur, I., Bøhn, S. K., Sakhi, A. K., Borge, G. I., Serafini, M., 
Erlund, I., Laake, P., Tonstad, S., & Blomhoff, R. (2010). Bilberry juice 
modulates plasma concentration of NF-kappaB related inflammatory 
markers in subjects at increased risk of CVD. European Journal of 
Nutrition, 49(6), 345–355. https://doi.org/10.1007/s00394-010-0092-0

Kay, C. D., & Holub, B. J. (2002). The effect of wild blueberry (Vaccinium 
angustifolium) consumption on postprandial serum antioxidant sta-
tus in human subjects. The British Journal of Nutrition, 88(4), 389–398. 
https://doi.org/10.1079/BJN2002665

Keyer, K., Gort, A. S., & Imlay, J. A. (1995). Superoxide and the production 
of oxidative DNA damage. Journal of Bacteriology, 177(23), 6782– 
6790. https://doi.org/10.1128/jb.177.23.6782-6790.1995

Kim, K., Vance, T. M., & Chun, O. K. (2016). Greater total antioxidant 
capacity from diet and supplements is associated with a less athero-
genic blood profile in U.S. adults. Nutrients, 8(1), E15. https://doi.org/ 
10.3390/nu8010015

Kuntz, S., Kunz, C., Herrmann, J., Borsch, C. H., Abel, G., Fröhling, B., 
Dietrich, H., & Rudloff, S. (2014). Anthocyanins from fruit juices 
improve the antioxidant status of healthy young female volun-
teers without affecting anti-inflammatory parameters: Results 
from the randomised, double-blind, placebo-controlled, cross- 
over ANTHONIA (ANTHOcyanins in Nutrition. The British Journal 
of Nutrition, 112(6), 925–936. https://doi.org/10.1017/S0007114 
514001482

Lee, S. G., Wang, T., Vance, T. M., Hubert, P., Kim, D.-O., Koo, S. I., & Chun, 
O. K. (2017). Validation of analytical methods for plasma total anti-
oxidant capacity by comparing with Urinary 8-isoprostane level. 
Journal of Microbiology and Biotechnology, 27(2), 388–394. https:// 
doi.org/10.4014/jmb.1604.04053

Marín-Echeverri, C., Blesso, C. N., Fernández, M. L., Galvis-Pérez, Y., Ciro- 
Gómez, G., Núñez-Rangel, V., Aristizábal, J. C., & Barona-Acevedo, J. 
(2018). Effect of Agraz (Vaccinium meridionale Swartz) on high-den-
sity lipoprotein function and inflammation in women with metabolic 
syndrome. Antioxidants (Basel, Switzerland), 7(12), E185. https://doi. 
org/10.3390/antiox7120185

Matsukawa, T., Inaguma, T., Han, J., Villareal, M. O., & Isoda, H. (2015). 
Cyanidin-3-glucoside derived from black soybeans ameliorate type 2 
diabetes through the induction of differentiation of preadipocytes 
into smaller and insulin-sensitive adipocytes. The Journal of 
Nutritional Biochemistry, 26(8), 860–867. https://doi.org/10.1016/j.jnut 
bio.2015.03.006

Matsukawa, T., Villareal, M. O., Motojima, H., & Isoda, H. (2017). 
Increasing cAMP levels of preadipocytes by cyanidin-3-glucoside 
treatment induces the formation of beige phenotypes in 3T3-L1 
adipocytes. The Journal of Nutritional Biochemistry, 40, 77–85. 
https://doi.org/10.1016/j.jnutbio.2016.09.018

Mazza, G., Kay, C. D., Cottrell, T., & Holub, B. J. (2002). Absorption of 
anthocyanins from blueberries and serum antioxidant status in 
human subjects. Journal of Agricultural and Food Chemistry, 50(26), 
7731–7737. https://doi.org/10.1021/jf020690l

Mills, G. C. (1957). Hemoglobin catabolism. I. Glutathione peroxidase, an 
erythrocyte enzyme which protects hemoglobin from oxidative 
breakdown. The Journal of Biological Chemistry, 229(1), 189–197. 
https://doi.org/10.1016/S0021-9258(18)70608-X

CYTA - JOURNAL OF FOOD 245

https://doi.org/10.3892/br.2017.964
https://doi.org/10.1016/0014-5793(73)80859-2
https://doi.org/10.1016/0014-5793(73)80859-2
https://doi.org/10.3945/jn.112.162743
https://doi.org/10.1016/j.nutres.2011.02.003
https://doi.org/10.1016/j.nutres.2011.02.003
https://doi.org/10.1007/s00394-019-01987-6
https://doi.org/10.1007/s00394-019-01987-6
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1016/S0026-0495(00)80077-3
https://doi.org/10.1016/S0026-0495(00)80077-3
https://doi.org/10.4103/ijmr.IJMR_620_17
https://doi.org/10.4103/ijmr.IJMR_620_17
https://doi.org/10.1056/NEJMoa030535
https://doi.org/10.1056/NEJMoa030535
https://doi.org/10.1155/2017/6480145
https://doi.org/10.1111/bph.12676
https://doi.org/10.3390/nu10111639
https://doi.org/10.1016/j.foodchem.2010.03.017
https://doi.org/10.1016/j.foodchem.2010.03.017
https://doi.org/10.13140/RG.2.1.3509.8084
https://doi.org/10.13140/RG.2.1.3509.8084
https://doi.org/10.1186/1743-7075-8-59
https://doi.org/10.2310/JIM.0b013e3181adfb5b
https://doi.org/10.2310/JIM.0b013e3181adfb5b
https://doi.org/10.1155/2018/1862462
https://doi.org/10.1021/acs.jafc.7b06135
https://doi.org/10.1016/j.fct.2011.05.021
https://doi.org/10.1016/j.fct.2011.05.021
https://doi.org/10.5483/BMBRep.2013.46.11.138
https://doi.org/10.1016/j.jff.2014.04.019
https://doi.org/10.1016/j.jff.2014.04.019
https://doi.org/10.1007/s00394-010-0092-0
https://doi.org/10.1079/BJN2002665
https://doi.org/10.1128/jb.177.23.6782-6790.1995
https://doi.org/10.3390/nu8010015
https://doi.org/10.3390/nu8010015
https://doi.org/10.1017/S0007114514001482
https://doi.org/10.1017/S0007114514001482
https://doi.org/10.4014/jmb.1604.04053
https://doi.org/10.4014/jmb.1604.04053
https://doi.org/10.3390/antiox7120185
https://doi.org/10.3390/antiox7120185
https://doi.org/10.1016/j.jnutbio.2015.03.006
https://doi.org/10.1016/j.jnutbio.2015.03.006
https://doi.org/10.1016/j.jnutbio.2016.09.018
https://doi.org/10.1021/jf020690l
https://doi.org/10.1016/S0021-9258(18)70608-X


Nälsén, C., Basu, S., Wolk, A., & Vessby, B. (2006). The importance of 
dietary antioxidants on plasma antioxidant capacity and lipid per-
oxidation in vivo in middle-aged men. Scandinavian Journal of 
Food and Nutrition ,  50(2), 64–70. https://doi.org/10.1080/ 
11026480600717202

Ou, B., Hampsch-Woodill, M., & Prior, R. L. (2001). Development and 
validation of an improved oxygen radical absorbance capacity assay 
using fluorescein as the fluorescent probe. Journal of Agricultural and 
Food Chemistry, 49(10), 4619–4626. https://doi.org/10.1021/jf010586o

Pérez-Jiménez, J., Neveu, V., Vos, F., & Scalbert, A. (2010). Identification 
of the 100 richest dietary sources of polyphenols: An application of 
the Phenol-Explorer database. European Journal of Clinical Nutrition, 
64(S3), S112–S120. https://doi.org/10.1038/ejcn.2010.221

Quintero-Quiroz, J., Galvis-Pérez, Y., Galeano-Vásquez, S., Marín- 
Echeverri, C., Franco-Escobar, C., Ciro-Gómez, G., Núñez-Rangel, V., 
Aristizábal-Rivera, J. C., & Barona-Acevedo, J. (2019). Physico-chemical 
characterization and antioxidant capacity of the colombian berry 
(Vaccinium meridionale Swartz) with a high-polyphenol content: 
Potential effects in people with metabolic syndrome. Food Science 
and Technology, 39(3), 573–582. https://doi.org/10.1590/fst.32817

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, 
C. (1999). Antioxidant activity applying an improved ABTS radical 
cation decolorization assay. Free Radical Biology & Medicine, 26(9– 
10), 1231–1237. https://doi.org/10.1016/S0891-5849(98)00315-3

Riso, P., Klimis-Zacas, D., Del Bo’, C., Martini, D., Campolo, J., Vendrame, 
S., Møller, P., Loft, S., De Maria, R., & Porrini, M. (2013). Effect of a wild 
blueberry (Vaccinium angustifolium) drink intervention on markers of 
oxidative stress, inflammation and endothelial function in humans 
with cardiovascular risk factors. European Journal of Nutrition, 52(3), 
949–961. https://doi.org/10.1007/s00394-012-0402-9

Roth, G. A., Johnson, C., Abajobir, A., Abd-Allah, F., Abera, S. F., Abyu, G., 
Ahmed, M., Aksut, B., Alam, T., Alam, K., Alla, F., Alvis-Guzman, N., 
Amrock, S., Ansari, H., Ärnlöv, J., Asayesh, H., Atey, T. M., Avila-Burgos, 
L., Awasthi, A., & Murray, C. (2017). Global, regional, and national 
burden of cardiovascular diseases for 10 causes, 1990 to 2015. 
Journal of the American College of Cardiology, 70(1), 1–25. https:// 
doi.org/10.1016/j.jacc.2017.04.052

Sabir, A. A., Bilbis, L. S., Saidu, Y., Jimoh, A., Iwuala, S. O., Isezuo, S. A., 
Kaoje, A. U., & Abubakar, S. A. (2016). Oxidative stress among subjects 
with metabolic syndrome in Sokoto, North-Western Nigeria. Nigerian 
Journal of Clinical Practice, 19(1), 128–132. https://doi.org/10.4103/ 
1119-3077.173705

Serafini, M., & Del Rio, D. (2004). Understanding the association between 
dietary antioxidants, redox status and disease: Is the total antioxidant 

capacity the right tool? Redox Report, 9(3), 145–152. https://doi.org/ 
10.1179/135100004225004814

Shen, M., Li, K., Jing, H., & Zheng, L. (2018). In vivo therapeutic effect of 
vaccinium meridionale swartz in ischemia-reperfusion induced male 
albino rats. Journal of Food Science, 83(1), 221–228. https://doi.org/10. 
1111/1750-3841.13986

Shiraseb, F., Siassi, F., Sotoudeh, G., Qorbani, M., Rostami, R., Sadeghi- 
Firoozabadi, V., & Narmaki, E. (2015). Association of blood antioxi-
dants status with visual and auditory sustained attention. Nutritional 
Neuroscience, 18(8), 345–354. https://doi.org/10.1179/1476830515Y. 
0000000032

Thomson, P. D., Till, G. O., Woolliscroft, J. O., Smith, D. J., & Prasad, J. K. (1990). 
Superoxide dismutase prevents lipid peroxidation in burned patients. 
Burns, 16(6), 406–408. https://doi.org/10.1016/0305-4179(90)90066-6

Toaldo, I. M., Cruz, F. A., da Silva, E. L., & Bordignon-Luiz, M. T. (2016). 
Acute consumption of organic and conventional tropical grape juices 
(Vitis labrusca L.) increases antioxidants in plasma and erythrocytes, 
but not glucose and uric acid levels, in healthy individuals. Nutrition 
Research (New York, N.Y.), 36(8), 808–817. https://doi.org/10.1016/j. 
nutres.2016.04.010

Torres, D., Reyes-Dieck, C., Gallego, E., Gómez-García, A., Posada, G., & 
Maldonado-Celis, M. E. (2018). Impact of osmodehydrated andean 
berry (Vaccinium merdionale Swartz) on overweight adults. Vitae, 25 
(3), 141–147. https://doi.org/10.17533/udea.vitae.v25n3a04

Varì, R., D’Archivio, M., Filesi, C., Carotenuto, S., Scazzocchio, B., 
Santangelo, C., Giovannini, C., & Masella, R. (2011). Protocatechuic 
acid induces antioxidant/detoxifying enzyme expression through 
JNK-mediated Nrf2 activation in murine macrophages. The Journal 
of Nutritional Biochemistry, 22(5), 409–417. https://doi.org/10.1016/j. 
jnutbio.2010.03.008

Villaverde, P., Lajous, M., MacDonald, C. J., Fagherazzi, G., Bonnet, F., & 
Boutron-Ruault, M. C. (2019). High dietary total antioxidant capacity is 
associated with a reduced risk of hypertension in French women. Nutrition 
Journal, 18(31), 1–10. https://doi.org/10.1186/s12937-019-0456-0

Zhong, S., Sandhu, A., Edirisinghe, I., & Burton-Freeman, B. (2017). 
Characterization of wild blueberry polyphenols bioavailability and kinetic 
profile in plasma over 24-h period in human subjects. Molecular Nutrition & 
Food Research, 61(12), 1700405. https://doi.org/10.1002/mnfr.201700405

Zujko, M. E., Waśkiewicz, A., Witkowska, A. M., Szcześniewska, D., Zdrojewski, 
T., Kozakiewicz, K., & Drygas, W. (2018). Dietary total antioxidant capacity 
and dietary polyphenol intake and prevalence of metabolic syndrome in 
polish adults: A nationwide study. Oxidative Medicine and Cellular 
Longevity, 2018, Article ID 7487816, 10 pp. https://doi.org/10.1155/2018/ 
7487816

246 C. MARÍN-ECHEVERRI ET AL.

https://doi.org/10.1080/11026480600717202
https://doi.org/10.1080/11026480600717202
https://doi.org/10.1021/jf010586o
https://doi.org/10.1038/ejcn.2010.221
https://doi.org/10.1590/fst.32817
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1007/s00394-012-0402-9
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.4103/1119-3077.173705
https://doi.org/10.4103/1119-3077.173705
https://doi.org/10.1179/135100004225004814
https://doi.org/10.1179/135100004225004814
https://doi.org/10.1111/1750-3841.13986
https://doi.org/10.1111/1750-3841.13986
https://doi.org/10.1179/1476830515Y.0000000032
https://doi.org/10.1179/1476830515Y.0000000032
https://doi.org/10.1016/0305-4179(90)90066-6
https://doi.org/10.1016/j.nutres.2016.04.010
https://doi.org/10.1016/j.nutres.2016.04.010
https://doi.org/10.17533/udea.vitae.v25n3a04
https://doi.org/10.1016/j.jnutbio.2010.03.008
https://doi.org/10.1016/j.jnutbio.2010.03.008
https://doi.org/10.1186/s12937-019-0456-0
https://doi.org/10.1002/mnfr.201700405
https://doi.org/10.1155/2018/7487816
https://doi.org/10.1155/2018/7487816

	Abstract
	Abstract
	1.  Introduction
	2.  Methods
	2.1.  Study population
	2.2.  Dosage information
	2.3.  Study design
	2.4.  Sample size
	2.5.  Anthropometrics, blood pressure, blood and 24-hour urine collection
	2.6.  Endogenous antioxidant enzymes activity
	2.7.  Serum total antioxidant capacity (TAC)
	2.8.  Oxidative stress markers
	2.9.  Statistical analysis

	3.  Results
	4.  Discussion
	Acknowledgments
	Disclosure statement
	Funding
	References

