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Abstract

Ectonucleotidases are enzymes involved in nucleotides metabolism. The
amount of circulating nucleotides may modulate distinct pathophysiological
processes in the vasculature, including platelet aggregation and vascular tone.
Onion (Allium cepa L.) phenolic compounds modulate enzymatic activity.
The present study evaluated the total phenolic content of red onion metha-
nolic extract, its antioxidant capacity, and its ability to interfere in nucleotides
hydrolyses in rat serum. Total phenolic content was determined with the Fo-
lin-Ciocalteau reagent using gallic acid as a standard, while total flavonoid
content was obtained through the aluminum chloride colorimetric method
with quercetin as a standard. Antioxidant capacity was evaluated from the
ability of the extract to scavenge ABTS*+ and DPPH* radicals. ATP, ADP,
AMP, and p-Nph-5-TMP hydrolyses were colorimetrically determined in
response to different onion extract concentrations (0, 125, 250, 500, or 1000
pg/mL). Phenolic content of the extract was 54.35 mg GAE 100 g™' sample,
while flavonoid content was 7.22 mg quercetin g~' sample. The IC50 value for
ABTSe+ was 374.13 £ 7.52 ug/mL, while it was 440.29 + 15.17 ug/mL for
DPPHe. Red onion extract increased ADP and p-Nph-5-TMP hydrolysis.
The results confirmed that red onion contains high content of antioxidant,
mainly flavonoids, and high antioxidant capacity. Additionally, biochemical
studies suggest that the increased ADP breakdown may be important to re-
gulate vascular processes. As it occurs for other enzymes, the antioxidant ca-
pacity of onion extract may neutralize reactive oxygen species (ROS) forma-
tion and favor ectonucleotidase activity and the hydrolysis of ADP, a major
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platelet agonist.
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1. Introduction

Extracellular nucleotides and nucleosides of purines (ATP, ADP, and adenosine)
and pyrimidines (UTP and UDP) regulate distinct biological processes in vari-
ous tissues [1], including the cardiovascular system, where they can promote
platelet aggregation and modify vascular tone [2], among other effects. After
reaching the extracellular medium, these molecules initiate signaling cascades by
binding to their specific membrane receptors, the purinoceptors, generally
named P1 and P2 [3].

Purinergic signaling is inactivated through nucleotide metabolization, per-
formed by a multienzymatic complex composed of ectonucleotidases. These en-
zymes are located on the cell surface and may also be found in the interstitial
medium or within body fluids; they exhibit broad substrate specificity and tissue
distribution [4]. Nucleotide hydrolysis includes a role for ecto-nucleoside tri-
phosphate diphosphohydrolases (E-NTPDases), ecto-nucleotide pyrophospha-
tase/phosphodiesterases (E-NPPs), ecto-5"-nucleotidases, and alkaline phospha-
tases [5]. Depending on the considered family, ectonucleotidases typically hy-
drolyze nucleoside tri-, di-, and monophosphates and di-nucleoside polyphos-
phates to produce nucleoside diphosphates, nucleoside monophosphates, nuc-
leosides and inorganic phosphate (Pi) or pyrophosphate (PPi) [6]. It is impor-
tant to highlight that other compounds from purine metabolism, such as in-
osine, hypoxanthine, and uric acid, possess important antioxidant activity and
contribute to redox balance and the control of different pathologies [7] [8].
Extracellular nucleotide concentration is then controlled by their enzymatic hy-
drolysis.

Reactive oxygen species (ROS) are atoms, molecules, or ions derived from
oxygen metabolism. Most ROS are highly reactive and can interact with DNA,
lipids, and proteins to cause tissue damage and risk of cardio-metabolic diseases
if they are not neutralized by antioxidant compounds [9]. These molecules inhi-
bit extracellular purine catabolism in endothelial cells and thus modify cardi-
ovascular disease pathophysiology [10]. In chronic hypertensive individuals,
these effects favor platelet aggregation [11].

Onion (A/lium cepa L.) may help in the control of several pathologies due to
its high concentration of phenolic compounds that may exert protective actions
against cardiovascular diseases [12]. Of the onions, the red variety exhibits the

highest content of these compounds, which may confer to this vegetable greater
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antioxidant activity and greater activity in ROS elimination [13]. Previous stu-
dies demonstrated that phenolic compounds exert a number of important bio-
logical activities in the cardiovascular system, such as antioxidation, platelet ag-
gregation and adhesion inhibition, vasodilation, and lipid metabolism modula-
tion [14]. Phenolic compounds are generally found in natural products and are
well studied because of their antioxidant properties against oxidative damage
[14].

The control of cardiovascular functions is also related to purinergic signaling,
and understanding the mechanisms involved in this context is extremely impor-
tant for the search for new drugs and therapies to treat cardiovascular diseases. It
is known that the phenolic compounds present in onion may act as enzymatic
activity modulators. However, their properties regarding the modulation of ec-
tonucleotidase activities, and how they would be related to the activity of these
enzymes in the cardiovascular system, have not yet been reported. Thus, the ob-
jective of the present study was to investigate whether red onion extract could

modulate ectonucleotidase activities in rat serum.

2. Materials and Methods
2.1. Chemicals

Substrates ATP, ADP, AMP, p-nitrophenyl thymidine 5'-monophosphate
(p-Nph-5'-TMP), 2,2-diphenyl-1-picrylhydrazyl radical (DPPH?),
6-hidroxi-2,5,7,8-tetramethylchrome-2-carboxilic acid (Trolox), quercetin,
2,20-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTSe+), and Fo-
lin-Ciocalteau reagent were procured from Sigma-Aldrich (St. Louis, MO, USA).
Other chemicals used in this study were of the highest purity.

2.2. Obtaining Red Onion Extract

Red onions were purchased from a local supermarket in Patos de Minas, Minas
Gerais, Brazil, from conventional plantations and were handled as previously
described [15], with minor modifications. Briefly, approximately 500 g red
onions were minced and dried in a drying oven (402-5D, Ethik Technology, SP,
Brazil) at 60°C for 48 h. Dried contents were then triturated, and approximately
10 g of the powder was weighed and kept under magnetic stirring (MA-085/5L,
Marconi, SP, Brazil) with 50 mL methanol for 2 h. Extracts were filtered through
filter paper (C42, Unifil, SP, Brazil), dried in a rotatory evaporator (Model 802,
Fisatom, SP, Brazil), and stored at —80°C (Ultra freezer CLS20-86V, Coldlab, SP,
Brazil) until use.

2.3. Measurement of Total Phenolic and Flavonoid Content

Total phenolic content in red onion extract was spectrophotometrically analyzed
(Spectrophotometer UV-340G, Gehaka, PR, Brazil) at 760 nm using the Fo-
lin-Ciocalteau reagent, as previously described [16]. Gallic acid was used as the

standard for quantification and expression of the results. Phenolic content is ex-
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pressed as mg gallic acid equivalents (GAE) 100 g™' sample. Total flavonoid con-
tent was determined by using the aluminum chloride colorimetric method pre-
viously described [17]. Quercetin was used as a standard for the calibration
curve. Data are expressed as mg quercetin equivalents (QE) g™' red onium ex-

tract.

2.4. Antioxidant Capacity
2.4.1. 2,2'-Azino-Di-(3-Ethylbenzthiazoline Sulfonic Acid) (ABTS)*+
Radical Scavenging Activity

The antioxidant capacity of red onion extract was determined using ABTSe+
diammonium salt radical cation decolorization assay, according to the method
previously described [18]. Briefly, ABTS was dissolved in deionized water to a 7
mM concentration. ABTS radical cation (ABTSe+) was produced by reacting the
ABTS solution with 2.45 mM potassium persulfate and allowing the mixture to
stand in the dark at room temperature for 12 - 16 h before use. This solution was
diluted in deionized water to an absorbance of 0.700 + 0.02 at 734 nm. The
ABTSe+ diluted solution (1 mL) and 50 puL water (blank), Trolox standard or
sample, were mixed and the absorbance was read at 734 nm for 6 min using a
spectrophotometer. The percentage of ABTSe+ inhibition was calculated using
the formula scavenging activity (%) = [(A0 — Atest)/(A0)] x 100, where A0 was
absorbance of the ABTS0e+ solution without antioxidant compounds and Atest
was the absorbance of the ABTS and tested sample combination after 6 min.

Analyses were performed in triplicate.

2.4.2. 2,2-Diphenyl-1-Picrylhydrazyl (DPPH)e Radical Scavenging
Activity

To confirm its antioxidant property, the ability of red onion extract in scaveng-
ing DPPHe radicals was also determined. Antioxidant capacity using DPPHae
was determined according to the method previously described [19]. The absor-
bance at 515 nm was measured after 30 min. The decline in the initial DPPHe
solution (60 pM) absorbance indicated the radical scavenging activity of the
sample. Trolox was used as a standard. The radical scavenging activity percen-
tage was calculated as [(A40 — Atest)/(A0)] x 100, where A0 is the initial DPPH
absorbance without antioxidant compounds and Atest is the absorbance after

the 30 min reaction. Analyses were performed in triplicate.

2.5. Animals

To test whether the red onion extract could modulate circulating ectonucleoti-
dase activity, rat serum was collected. Male Wistar rats (approximately 250 g), 60
to 90 days old, were kept at 25°C in cages of up to 5 animals and subjected to a
12 hours light/ dark cycle. They received water and rat chow ad libitum. All
protocols were in accordance with the guidelines of the Ethics Committee on the
Use of Animals (Project Number 067/15 CEUA-UFU) from the Universidade

Federal de Uberlandia, and all efforts were made to minimize the number of
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animals used in this study and their suffering. Blood was drawn after decapita-
tion and allowed to clot at room temperature for 30 min. Blood was centrifuged
in glass tubes at 5000 x g for 5 min at room temperature. The resultant serum

samples were kept on ice and immediately used for enzymatic assays.

2.6. Extracellular ATP, ADP and AMP Hydrolysis

Assays for E-NTPDase and ecto-5'-nucleotidase in serum samples were per-
formed using a modification of the previously described method [20]. The reac-
tion mixture contained 112.5 mM Tris - HCI, pH 8.0, water, 1.0 mg protein, and
different red onion extract concentrations (0, 125, 250, 500 or 1000 pg/ mL). Ex-
tract was added during preincubation that was performed for 10 min in a 37°C
water bath (CT-245-28, Cientec, MG, Brazil), prior to substrate addition. To
start the reactions, 3.0 mM of substrates (ATP, ADP or AMP) were added in a
final reaction volume of 200 pL. After 40-min incubation, 200 pL trichloroacetic
acid (TCA; 5%, final concentration) was used to stop the enzymatic reactions.
Incubation times and protein concentrations were chosen to ensure the linearity
of the enzymatic reactions. The amount of inorganic phosphate (Pi) released was
examined by a colorimetric method as previously reported [21] using a spectro-
photometer set at 630 nm (Spectrophotometer UV-340G, Gehaka, PR, Brazil).
Controls to correct for non-enzymatic substrate hydrolysis were performed by
adding serum after the reactions were stopped with TCA. All samples were per-
formed in duplicate. Enzyme activities were generally expressed as nmol Pi re-

leased per min per mg protein.

2.7. p-Nph-5'-TMP Hydrolysis

E-NPP activity in serum samples were evaluated according to a previously de-
scribed method [22]. The reaction mixture that contained 100 mM Tris—-HCl
(pH 8.9) was preincubated for 10 min in a 37°C water bath (CT-245-28, Cientec,
MG, Brazil) with approximately 1.0 mg serum protein, water, and different red
onjon extract concentrations (0, 125, 250, 500, or 1000 pg/mL). Enzyme reac-
tions were started by the addition of p-Nph-5'-TMP (5'TMP, an artificial marker
substrate for E-NPP activity) to a final concentration of 0.5 mM. After 8 min,
200 pL 0.2 N NaOH was added to the reaction to stop it. Incubation times and
protein concentrations were chosen to ensure the linearity of the reaction. The
amount of p-nitrophenol released from the substrate was measured at 400 nm,
using a molar extinction coefficient of 18.8 x 10~°/M/cm. Controls to correct for
nonenzymatic substrate hydrolysis were performed by adding serum after the
reaction was stopped with NaOH. All samples were performed in duplicate. En-
zyme activities were generally expressed as nmol p-nitrophenol released per min

per mg protein.

2.8. Statistical Analysis

Data are expressed as the mean * standard deviation (SD). Statistical analysis
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was performed using GraphPad Prism 5.0 (GraphPad Software Inc., San Diego,
CA). Data were analyzed by one-way analysis of variance (ANOVA). Significant
differences between groups were determined with the Newman-Keuls post hoc
test. The Student’s t test was performed to compare IC50 values for free radical

scavenging activity data. Differences were considered significant at p < 0.05.

3. Results and Discussion

Dark-colored vegetables usually have a high phenolic compound content, a fea-
ture that confers sensory characteristics to these plants and can play broad bio-
logical functions in the body, such as protection against macromolecule oxida-
tive damage induced by ROS [23] [24] [25]. Red onion extract was chosen in the
present study due to its recognized high total phenolic content [13], and because
it is a widely consumed vegetable worldwide.

Total phenolic content of the crude red onion extract was 54.35 mg GAE 100
g-1 sample (Table 1) and was comparable to previous data [13] [23] [26]. Dif-
ferent types of phenolic compounds such as anthocyanins, quercetin, ferulic ac-
id, gallic acid, protocatechuic acid, and kaempferol have been previous reported
in red onion extract [27]. Flavonoids are the most predominant components of
onion, being this vegetable one of the major sources of all flavonoids consumed
in the human diet [24] [25]. In the present study we also found a high level of
flavonoids (7.22 mg quercetin g™') (Table 1). It is thus noteworthy that we could
extract a considerable amount of phenolics, mainly as flavonoids, from red
onion.

Oxidative damage is now considered to be a major event in myriad diseases,
including cardiovascular disorders. Thus, marked scientific investigations focus
on the possible role of natural antioxidants in delaying or suppressing oxidative
stress and secondary effects like enzyme activities modulation [26]. There is a
great need for antioxidants, dietary or supplementary, to increase endogenous
antioxidant activity, and a wide variety of phenolic compounds and flavonoids
present in vegetables are now being experimentally investigated [26]. As men-
tioned before, compounds generated in the purine degradation also present an-
tioxidant effects [7] [8].

Table 1. Total phenolic and flavonoid content and radical scavenging activity of the red
onion extract. Different superscript letters indicate significant differences by Student’s t
test. Results are expressed as mean + SD, n = 3.

Measure Concentration
Phenolic content (mg GAE 100 g™") 54.35 +0.32
Flavonoid content (mg QE g™) 7.22 +0.06
IC50 for ABTSe+ (ug/mL) 374.13 +7.52°
IC50 for DPPHe (ug/mL) 440.29 + 15.17°
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In this study, we determined the free radical scavenging capacities of the red
onion extract using DPPHe and ABTSe+ assays. The IC50 value for ABTSe+ was
374.13 + 7.52 ug/mL, while it was 440.29 + 15.17 ug/ mL for DPPHe (Table 1).
Antioxidant capacity detected by ABTS assay was significantly higher to that by
DPPH assay, in agreement with previous studies [28] [29]. Analyses of DPPHae
and ABTSe+ radical inhibition are frequently used to determine antioxidant ac-
tivity. Both are stable radicals that produce color in the reaction, and when re-
duced by the donation of hydrogens present in the sample, the decay in absor-
bance can be measured spectrophotometrically. The red onion extract obtained
in this study presented important antioxidant activity. There was a dose-dependent
increase in radical scavenging activity and the onion extract inhibited 60% of the
ABTSe+ and 58% of the DPPHe at the highest concentration (500 ug/mL) tested
(Figure 1). Vegetables have different antioxidant mechanisms, and due to the
wide variety of potential antioxidant compounds, such as vitamins, flavonoids,
phenolic acids, and sulfur compounds present in plants, differences in the me-
thod of extraction (e.g., the solvent used) may result in notable variability in the
extract antioxidant activity [25]. Previous studies showed a strong positive cor-
relation between ABTS and DPPH assays with total phenolics content, suggest-
ing that phenolic compounds are the major contributors to antioxidant proper-
ties of foods and plant extracts [28]. Red onion extract was then used in the
present study to perform functional tests upon serum ectonucleotidase activities.

E-NTPDase and ecto-5'-nucleotidase are found anchored to the cell mem-
brane and or in a soluble form that circulates in the blood. The activity of both
families is affected by the oxidative state of the medium [11] [30] [31]. Each ec-
toenzyme exhibits specific nucleotide preferences [31], and this factor may be
the reason for the different responses of ATP, ADP and AMP hydrolysis to red
onion extract.

E-NTPDase hydrolyzes ATP and ADP, and there are some molecules that in-
hibit its activity [31]. However, only a few reported molecules can increase its
activity. Red onion extract did not alter ATP hydrolysis in blood serum (Figure
2). On the other hand, it induced 70% ADP hydrolysis at 250 pg/mL (Figure 3).
ADP is an important agent in platelet aggregation [32]; thus, its increased hy-
drolysis may suggest that the extract would be able to remove ADP from circula-
tion and potentially inhibit platelet aggregation.

Ecto-5"-nucleotidase efficiently hydrolyzes AMP to adenosine [33], which is
an important vasodilator molecule in the vasculature. The coordinated action of
these enzymes is important for the efficient regulation of extracellular nucleo-
tides and adenosine levels. However, similar to ATP hydrolysis, AMP hydrolysis
was not modified by red onion extract at any evaluated concentration (Figure
4).

E-NPPs exhibit a broad substrate range that includes nucleoside tri- and di-
phosphates, dinucleoside polyphosphates, ADP-ribose, NAD+ and artificial sub-
strates like p-Nph-5'-TMP, but not AMP [6]. The use of artificial substrates is
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important for the differentiation between E-NPPs and E-NTPDases due to the
similarity between the location and the substrates that the two families hydro-
lyze. The role of E-NPPs is highly variable, and this enzyme family is probably
the most important one involved in extracellular dinucleoside polyphosphate
hydrolysis, which generates PPi and other important molecules in signal trans-
mission [6] [34]. NPP1, for example, participates in bone mineralization and
vascular smooth muscle cell calcification [35] [36] when it hydrolyzes extracel-
lular ATP to AMP, which generates extracellular PPi that can function as a calci-
fication inhibitor. NPP2 (autotaxin) is a secreted enzyme present in several bio-
logical fluids, including serum and seminal plasma [30], where it performs its
catalytic activity. E-NPP activity is inhibited by ethylenediaminetetraacetic acid
(EDTA) [6]; however, there is no specific activator described for this enzyme.
Red onion extract significantly increased p-Nph-5'-TMP (the artificial substrate
marker for E-NPP activity) hydrolysis by approximately 40% when applied at
500 and 1000 pg/mL (Figure 5), data that suggest the extract could act physio-

logically on the previously mentioned effects in serum.

80
—— ABTSe+
s 07 -+ DPPH-
=
=
= 404
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50 125 250 500
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Figure 1. Percent inhibition of ABTSe+ and DPPHe radicals by red
onion extract. Inhibition percentage increased with elevated extract con-
centrations for both radicals. Results are expressed as mean + SD, n = 3.

ATP extracellular hydrolysis

nmol Pi/min/mg protein

Red Onion Extract (ng/mL)

Figure 2. Effect of red onion extract on ATP hydrolysis
in rat serum. Results are expressed as mean + SD, n = 4.
There were no significant differences between groups.
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Figure 3. Effect of red onion extract on ADP hydrolysis in rat serum.
Results are expressed as mean * SD, n = 4. *Represents a statistically
significant difference from the control (0 ug/mL) group (p < 0.05).
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Figure 4. Effect of red onion extract on AMP hydrolysis in rat serum.
Results are expressed as mean + SD, n = 4. There were no significant
differences between groups.

p-Nph-5'"TMP extracellular hydrolysis
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Figure 5. Effect of red onion extract on the artificial substrate marker
for E-NPP activity. p-Nph-5TMP hydrolysis was increased in rat se-
rum treated with 500 and 1000 pug/mL red onion extract. Results are
expressed as mean + SD, n = 3. *Represents a statistically significant
difference from the control (0 ug/mL) group (p < 0.05).
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4. Conclusion

Using the extraction method described in this study, we found high phenolic
and flavonoid contents as well as high antioxidant capacity in red onion extract.
Considering nucleotide hydrolysis, red onion extract significantly increased the
breakdown of ADP and p-Nph-5'-TMP in rat serum. This study presents for the
first time the effects of red onion phenolics on serum ectonucleotidase activities.
Data evidenced the potential use of this vegetable as an adjuvant in the control
and treatment of vascular diseases that compromises purinergic signaling, such
as platelet aggregation disturbances and arterial hypertension. Finally, our re-
sults point to promising studies on the approach of red onion effects on the

components of purinergic signaling, such as in vivo pathophysiological models.
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