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Abstract: Paraoxonase 1 (PON1) plays a role as antioxidant on HDL. Including in diet additionally
ingest of polyphenolic compounds can stimulate PON1 transcription and increase its activity. The
aim of this study was to evaluate the effect of dietary intake, red wine consumption, and PON1
genotypes (Q192R, L55M and C-108T) on the specific activity of PON1 in a healthy population. A
descriptive and analytical pilot study was conducted in Mexican volunteers clinically healthy (n = 45)
aged from 21–59 years. Over 6 weeks, the study participants ingested 120 mL of red wine per day.
PON1 concentration, PON1 activities, genetic polymorphisms and dietary intake were evaluated.
The preliminary fingerprinting of the wine was determined to corroborate the presence of phenolic
compounds such as tannins and gallotannins. Neither dietary intake nor PON1 genotypes showed
an effect on the specific activity of PON1. However, a significant increase in specific AREase activity
after red wine consumption period was observed in the study participants. Our data suggest that the
moderate consumption of red wine has a beneficial effect on PON1 specific AREase activity in this
healthy Mexican population.

Keywords: PON1; red wine; PON1 genotypes; AREase activity; phenolic compounds; UPLC-MS

1. Introduction

The Paraoxonase 1 (PON1) gene is a member of the paraoxonase family located on the
long arm of human chromosome 7 (7q21-22). PON1 is mainly expressed and synthesized
in the liver and secreted into the blood circulation as a high-density lipoprotein (HDL)
associated protein [1]. This enzyme has anti-inflammatory, antimicrobial, antioxidant
and antiatherogenic properties; and it is involved in the hydrolysis of a wide variety of
substrates, such as lactones, arylesters, organophosphate pesticides, and others [2]. PON1
plays a role in HDL protective properties and its status is considered as of the determinants
for the development of cardiovascular and other diseases [3]. It has been described that
PON1 activity and its concentration in populations can range up to 40-fold and 13 times,
respectively [4]. In this regard, it has been shown that PON1 activity and expression is
affected by age, sex, lifestyle, drugs, dietary and environmental factors. In addition, some
genetic polymorphisms can influence the enzyme concentration by affecting gene and
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protein expression, as well as its specific activity. Genetic factors, including polymorphisms,
were found to explain more than 60% of phenotypical variance in PON1 activity [5].

The PON1 gene presents 13 single nucleotide polymorphisms (SNPs) in the promoter
region, and five of these have been characterized (G-909C, G-832A, A-162G, G-126C and
C-108T) [4]. In addition, two polymorphisms in the encoding region have been commonly
reported at positions 55 and 192 [6,7]. These SNPs are associated with variations on
PON1 concentration and enzymatic activity [8–11]. The PON1 Q192R polymorphism has
been shown to influence PON1 activity; the Q-isoform catalyzes the faster hydrolysis of
diazoxon, a metabolite of the organophosphate diazinon, while the R-isoform hydrolyzes
the metabolite paraoxon of the organophosphate parathion more efficiently [12]. Regarding
the PON1 L55M polymorphism, the L allele is associated with higher PON1 protein and
messenger RNA (mRNA) levels compared to the M allele. It has been described that
individuals with the QQ and MM isozymes of the Q192R and L55M polymorphisms exhibit
lower enzymatic activity than subjects with the RR and LL variants [5].

The effects of dietary compounds such as carbohydrates, fatty acids, proteins, vi-
tamins and minerals on the PON1 phenotype have been described, [13,14] as well as
habits such as physical activity or harmful habits such as: alcoholism, smoking and illicit
drug use [4,15,16]. Some studies have evaluated the effect of phenolic compounds such as
flavonoids on PON1 expression and activity in vitro, in vivo and in human populations [17–22].
Furthermore, flavonoids are present in pomegranate and red wine, and these are the prin-
cipal groups of antioxidants present in the diet [23,24]. In this respect, several studies
have been focused on the effects related to the consumption of red wine on the PON1
enzyme, [13,17,25–30] especially in the increased serum paraoxonase activity caused by
red wine and moderate wine intake [25,26]. In addition, it is known that red wine has
polyphenols compounds commonly divided in flavonoids and nonflavonoids, such as
flavonoids like quercetin, nonflavonoid compounds that include phenolic acids (e.g., gal-
lic acid), phenols and stilbenes (e.g., resveratrol) compounds related to cardioprotective
effects [27–30]. Specifically, resveratrol can enhance the expression of the PON1 gene in
the HepG2 human cell line [28]. Considering the influence of the phenolic compounds
on PON1, the aim of this study was to evaluate the effect of dietary intake, red wine
consumption, and three genotypes of PON1 (Q192R, L55M and C-108T) on the specific
activity of PON1 in a healthy population.

2. Materials and Methods
2.1. Study Subjects

A descriptive and analytical pilot study was carried out in clinically healthy Mexican
volunteers (n = 45) aged from 21–59 years. Participants received and signed an informed
consent document. This study was conducted according to the principles of the Declaration
of Helsinki and was approved by the Institutional Ethics Committee of the State, of Nayarit
(registry number CEBN/07/2018). A general medical physician performed a clinical
history of each volunteer to determine the health status of the participants. At the same
time, through a structured and validated questionnaire we obtained the anthropometric
characteristics of the participants, as well as lifestyle, dietary habits and additional data.

Healthy volunteers were asked to maintain their habitual diet and lifestyle during the
6 weeks of the study period. Within this 6-week period, the study participants ingested
120 mL of red wine per day (alcohol content, 12.5%, Cabernet Sauvignon Malbec).

2.2. Evaluation of Macro- and Micronutrients

Macro- and micronutrient habits were determined prior to carrying the study and the
end of the study period according to a frequency-of-consumption questionnaire through
using Software Program Evaluation of Nutritional Habits and Nutrient Consumption
System (SNUT) from the Mexican National Institute of Public Health and National Institute
of Cardiology Ignacio Chávez [31].
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2.3. Sample Collection

Venous blood samples were obtained after a 12 h by venipuncture using a BD
Vacutainer® tubes with heparin, EDTA and dry plastic tubes. Samples were centrifuged at
1173 rcf for 15 min at 5 ◦C for separation of the plasma and serum, these were kept cold for
aliquoting and then were stored at −80 ◦C until analysis.

2.4. PON1 Concentration

PON1 concentration was determined by Enzymatic-Linked Immunosorbent Assay
(ELISA) from plasma samples using a commercial ELISA kit for human PON1 (SEA243Hu,
Cloud-Clone Corp., Katy, TX, USA) according to the manufacturer’s instructions.

2.5. PON1 Activity

Arylesterase (AREase) activity was measured using phenylacetate as a substrate [32].
The mix reaction consisted of 2.7 mL of buffer (10 mM Tris-HCl, 40 µM eserine hemisul-
fate, 1 mM CaCl2, pH 8.0) and 20 µL of plasma diluted at 1:50 and was incubated for
5 min in the dark at room temperature following the addition of 300 µL of phenylac-
etate (10 mM). The change in absorbance was monitored at 270 nm for 5 min at 37 ◦C
in a Spectronic GENESYSTM 10 spectrophotometer from Bio-Thermo Scientific. AR-
Ease activity was reported in U/mL according to the molar extinction coefficient of
phenylacetate (ε = 1.31 × 103 M−1 cm−1). One unit of AREase activity is equivalent to
1 µmol of phenylacetate hydrolyzed/min/mL of plasma.

CMPAase activity was measured through 4-chloromethylphenylacetate (4-CMPA)
hydrolysis [33]. The mix reaction consisted of 295.2 µL of buffer (20 mM Tris-HCl, 1 mM
CaCl2, pH 8.0), 60 µL of plasma diluted (1:40) in buffer, and 304.8 µL of 4-CMPA (3 mM).
Absorbance change was monitored at 280 nm for 5 min at 25 ◦C in a Spectronic GENESYSTM

10 spectrophotometer from Bio-Thermo Scientific. CMPAase activity was expressed in
U/mL according to the molar extinction coefficient of 4-CMPA (ε = 1.30 mM−1 cm−1). One
unit of CMPAase activity is equal to 1 µmol of 4-CMPA hydrolyzed/min/mL of plasma.

Lactonase (LACase) activity was determined using dihydrocoumarin (DHC) as sub-
strate through the modified method as described by Billecke et al. [34]. The reaction mix
was consisted of 987.5 µL of buffer (40 mM Tris-HCl, 1 mM CaCl2, pH 8.0), 10 µL of
100 mM DHC and 2.5 µL of serum. The hydrolysis of DHC was monitored at 270 nm for
3 min at 25 ◦C using a Spectronic GENESYSTM 10 spectrophotometer from Bio-Thermo
Scientific. LACase activity was expressed in U/mL according to the DHC molar extinction
coefficient (ε = 1295 M−1 cm−1). One unit of LACase activity is equal to 1 µmol of DHC
hydrolyzed/min/mL of serum.

Paraoxonase (PONase) activity of salt-stimulated PONase was measured using ethyl-
paraoxon as a substrate [35]. The mix reaction contained 795 µL of buffer (10 mM Tris-HCl,
1 mM CaCl2, 1 M NaCl, pH 8.0), 5 µL of plasma, and 200 µL of ethyl paraoxon (6 mM).
The hydrolysis of ethyl paraoxon at 405 nm was monitored for 5 min at 37 ◦C using a
Spectronic GENESYSTM 10 spectrophotometer from Bio-Thermo Scientific. One unit of
PONase activity is equal to 1 µmol of ethyl paraoxon hydrolyzed/min/L of plasma. The
molar extinction coefficient of p-nitrophenol was used (ε = 1.8 × 103 M−1 cm−1), and
PONase activity was expressed as U/L.

Internal controls with known activities were utilized in each set of samples. The
reproducibility of the enzymatic analyses was assessed in the triplicate analyses of plasma
samples. In each case, the coefficient of variation calculated was 5% or less.

PON1 specific enzymatic activity represents the quotient of enzymatic activity through
a specific substrate (AREase; CMPAase; LACase; PONase) and PON1 protein concentration.

2.6. DNA Isolation and PON1 Genotyping

DNA was isolated from whole blood employing a High Pure PCR Template Prepara-
tion kit (Roche, Indianapolis, IN, USA) following the manufacturer’s instructions. DNA
purity and concentration were determined using the NanoDrop system. Real-time PCR
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assays of PON1 T-108C (rs705379), PON1 L55M (rs854560) and PON1 Q192R (rs662) were
performed with primer-specific fluorescent labeled probes from Applied Biosystems (Foster
City, CA, USA). PCR reactions were performed using a StepOneTM real-time PCR system
as follows: at 50 ◦C for 2 min; at 95 ◦C for 10 min, then 40 cycles at 95 ◦C for 15 s and at
60 ◦C for 1 min. A negative control was included on each plate. Allelic discrimination was
performed using StepOneTM ver. 2.1 software.

2.7. Wine Phytochemical Composition Analysis (Fingerprinting)

The ultra-performance liquid chromatography (UPLC) method was used to analyze
and tentatively characterized the preliminary phytochemical composition of Cabernet
Sauvignon Malbec wine used for healthy volunteer participants (Table S3, Supplemen-
tary Material). The wine sample was diluted 1:100 with water and filtered using nylon
Acrodisc® Syringe filter 25mm 0.2µm. Chromatographic separation was achieved on a
WATERS® ACQUITY HSS T3 1.8 µm 2.1 mm × 100 mm column preheated at 40 ◦C. All
the chromatographic mass spectrometric measurements were performed on a Waters AC-
QUITY H-Class UPLC-MS® system equipped with a quaternary solvent manager, sample
manager, flow through needle, high temperature column heater with active preheating,
and Quadrupole Dalton (QDa) (Waters Corporation), detector. A single quadrupole mass
spectrometer equipped with electrospray ionization (ESI) was used to record the ESI-MS
spectra. The MS was operated in positive mode ([M − H]+).The conditions of the elec-
trospray ionization (ESI) source were as follows: ESI in positive mode; capillary voltage,
0.8 kV; fragmentor, 2 V; sampling frequency, 10 Hz. The QDA analysis worked using full
scan mode, and the mass range was set at m/z 50–1000 Da. exploratory method for 10 min.
The mobile phase consisted at 0.1% formic acid water (A) and acetonitrile (B), using a
gradient elution for the sample (of 0–5 min, 10% B; 5–7 min,10–90% B; 7–8 min, 90–10% B;
8–10 min, 10% B). The sample volume injected was 5 µL the flow rate was 0.35 mL/min.

2.8. Statistical Analysis

Statistical analyses were performed using Stata statistical software version 14.0 (Col-
lege Station, TX, USA). The distribution of continuous variables was determined by means
of the Skewness and Kurtosis test. Parametric data are presented as mean and standard
deviation (±SD), while nonparametric data are presented as the geometric mean and 95%
confidence intervals (95% CI). The Fisher’s exact and chi-squared tests were employed to
evaluate the significance of the parameters expressed in frequencies. Normally distributed
data were compared with Student’s t-test, while Mann–Whitney U and Wilcoxon signed
rank tests were utilized for nonparametric data to know differences between two groups.
Furthermore, the Kruskal–Wallis and post hoc Dunn’s tests for the nonparametric variables
were used to know differences between three or more groups. Associations determined
in the present study were established using linear and logistic regressions. The statistical
significance level was accepted as p < 0.05.

3. Results
3.1. Study Subjects

The general characteristics of the study population are presented in Table 1. A total
of 58% of participants were women and 42% were men. With respect to body mass
index (BMI), 44% were in the normal range (BMI, of 18.2–25 kg/m2) according to World
Health Organization (WHO) criteria [36], 35% of participants presented overweight (BMI,
25–30 kg/m2), and 21% were obese (BMI ≥ 30 kg/m2). A significant difference (p = 0.02)
was observed in systolic blood pressure (SBP) between the sexes: males had a higher SBP
than women (p = 0.02); however, no significant differences were observed in diastolic blood
pressure (DBP), physical activity, alcohol and drug consumption, or smoking habits.
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Table 1. General characteristics of the study population.

Men
(n = 19)

Women
(n = 26) p

Age, years (95% CI) 28 (25–31) 28 (25–31) 1.00 a

BMI, kg/m2 (±SD)
Underweight (≤18.5), n (%)
Normal (>18.5, ≤25), n (%)

Overweight (>25, ≤ 30), n (%)
Obese (>30), n (%)

27.4 (±5.8) 24.5 (±3.8) 0.05 b

1 (5.3) —

0.27 c
6 (31.6) 14 (53.9)

7 (36.8) 9 (34.6)

5 (26.3) 3 (11.5)

SBP, mmHg (±SD) 115 (±11) 106 (±11) 0.02 b

DBP, mmHg (95% CI) 73 (68–78) 67 (64–71) 0.06 a

Heart rate, bpm (95% CI) 70 (66–74) 72 (69–76) 0.31 a

Physical activity, n (%) 12 (63.2) 16 (61.5) 0.73 d

Alcohol consumption, n (%) 19 (100) 24 (92.3) 0.50 c

Smokers

Active, n (%) 5 (26.3) 3 (11.5) 0.24 c

Passive, n (%) 1 (5.3) 5 (19.2)

Past, n (%) 6 (31.6) 5 (19.2) 0.07 d

Drug consumption, n (%) 2 (10.5) 2 (7.7)

BMI: Body mass index according to the World Health Organization (WHO). SBP: systolic blood pressure. DBP: diastolic blood pressure.
a Mann–Whitney U test represented as geometric means with 95% confidence intervals (95% CI). b Student’s t-test represented as means
with standard deviation (±SD). c Fisher’s exact test. d Chi-squared test.

Regarding PON1 concentration, in women, the PON1 concentration at the begin-
ning of the study was 3.14 µg/mL (range, 2.69–3.66 µg/mL) vs. 2.73 µg/mL (range,
2.38–3.13 µg/mL) after the period of red wine consumption, which implied a significant
reduction. No differences in PON1 concentration were found in women with respect to
men [initial: 2.96 µg/mL (±1.39) and 2.64 µg/mL (±1.16) after wine consumption].

Nutrient habits in the study population were characterized and described by food
frequency questionnaire, results are presented in Table 2. According to our data, no
significant differences in macronutrient intakes were observed before and during the red
wine consumption period. Although, the participants were requested not to change their
dietary habits during the study, a significant decrease (p < 0.001) in caloric intake (Table 2)
was observed. In addition, significant differences in the intake of vitamins and minerals
before and during red wine consumption were observed (Table 3).

Table 2. Initial and final macronutrients intakes.

Initial Intake Final Intake p

Carbohydrates (%) 46.2 (±7.4) 45.44 (±7.4) 0.53 a

Protein (%) 11.0 (9.0–13.5) 10.4 (8.6–12.5) 0.61 b

Fat (%) 38.0 (±7.11) 38.2 (±6.9) 0.78 a

Calories (kCal) 1856.1 (1571.6–2192.0) 1694.6 (1501.3–1912.7) <0.001 b

kCal: kilocalories. a Student’s t-test presented as arithmetic mean with standard deviation (±SD). b Wilcoxon
signed rank test presented as geometric means with 95% confidence intervals (95% CI).
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Table 3. Initial and final intake of vitamins and minerals.

Vitamin Initial Intake Final Intake p

Vitamin C (mg) 132.6 (105.8–166.1) 83.7 (65.8–106.3) <0.001

Vitamin B1 (mg) 1.3 (1.1–1.6) 1.2 (1.0–1.3 <0.01

Vitamin B2 (mg) 1.3 (1.1–1.6) 1.2 (1.0–1.3) <0.01

Niacin (mg) 17.9 (15.1–21.3) 16.9 (15.0–19.0) 0.01

Vitamin B5 (mg) 7.9 (6.2–9.9) 7.0 (5.4–9.0) >0.05

Vitamin B6 (mg) 1.7 (1.5–2.1) 1.6 (1.4–1.8) <0.01

Glycosylated vitamin B6 (mg) 4.1 (2.5–6.6) 4.3 (3.3–5.7) >0.05

Folate (µg) 481.7 (363.5–638.5) 380.5 (277.9–521.1) 0.01

Vitamin B12 (µg) 7.1 (5.6–8.9) 6.1 (5.1–7.3) 0.001

Vitamin K (µg) 74.3 (58.5–94.6) 72.2 (59.2–87.9) >0.05

Retinol (UI) 1721.8 (1325.3–2236.9) 1436.6 (1183.0–1744.5) 0.01

Vitamin D (UI) 156.5 (123.7–198.1) 136.9 (114.0–164.4) 0.02

Vitamin E (µg) 11.7 (±6.6) 8.7 (±4.0) <0.01 a

Vitamin E activity (IU) 12.3 (9.8–15.3) 9.8 (8.5–11.4) <0.01

α-Tocopherol (mg) 11.6 (9.4–14.2) 9.4 (8.1–10.9) <0.01

β-Tocopherol (mg) 0.6 (±0.43) 0.5 (±0.2) 0.04 a

γ-Tocopherol (mg) 13.4 (10.5–17.1) 14.8 (12.5–17.4) >0.05

δ-Tocopherol (mg) 2.3 (1.7–3.0) 2.8 (2.3–3.4) >0.05

α-Tocopherol (eq/mg) 13.3 (10.8–16.3) 11.1 (9.6–12.8) <0.01

Mineral Initial Intake Final Intake p

Calcium (mg) 538.8 (441.9–656.9) 486.3 (423.6–558.4) <0.01

Iron (mg) 12.6 (10.5–15.0) 11.9 (10.6–13.5) 0.02

Magnesium (mg) 280.9 (233.3–338.2) 272.7 (243.3–305.6) 0.04

Phosphorus (mg) 1077.4 (896.2–1295.2) 1058.5 (946.1–1184.3) 0.02

Potassium (mg) 2840.6 (2401.6–3359.9) 2453.5 (2154.6–2793.9) <0.001

Sodium (mg) 1593.4 (1342.2–1891.5) 1410.9 (1225.1–1624.9) <0.01

Zinc (mg) 13.9 (11.1–17.4) 12.6 (10.3–15.5) 0.03

Copper (mg) 1.8 (1.4–2.3) 1.6 (1.3–2.0) 0.01

Manganese (mg) 11.8 (8–17.4) 11.9 (8.7–16.1) >0.05

Selenium (µg) 40.3 (32.3–50.6) 38.9 (32.6–46.5) >0.05

Wilcoxon signed rank test presented as geometric means with 95% confidence intervals (95% CI). a Student’s t-test presented as arithmetic
means with standard deviations (±SD).

3.2. Allele Frequencies and PON1 Genotypes

Allelic frequencies were 0.61 for C allele (C-108T), 0.30 for M allele (L55M), and
0.46 for Q allele (Q192R). The study polymorphisms were in agreement with the Hardy–
Weinberg equilibrium.

A strong linkage disequilibrium (D% = 56.36; p < 0.001) between PON1 C-108T and
PON1 L55M and between PON1 Q192R and PON1 L55M (D% = 71.73; p < 0.001) was
observed, and a marginal linkage disequilibrium (D%; p = 0.06) was observed between
PON1 C-108T and PON1 Q192R (Table S1, Supplementary Material).
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3.3. Status of PON1 and Genotypes

PON1 specific enzymatic activity in the study participants before and after red wine
consumption is shown in Figure 1. The data revealed a significant increase in specific
AREase activity, after the red wine consumption period (* p < 0.05).
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means with 95% confidence intervals. Solid bars represent activity before red wine consumption 
and diagonal pattern bars represent activity after red wine consumption. * Statistical difference in 
comparison to activity before red wine intake. a p < 0.001, b p < 0.01 and c p < 0.05 statistical differences 
among genotypes. 

Figure 2. Specific activity of PON1 according to Q192R polymorphism. PON-Q192 homozygote
(QQ), PONQ192/PON1-R192 heterozygote (QR), PON1-R192 homozygote (RR). Statistical analyses
were conducted through the Kruskal–Wallis and Dunn’s tests. Data was presented as geometric
means with 95% confidence intervals. Solid bars represent activity before red wine consumption
and diagonal pattern bars represent activity after red wine consumption. * Statistical difference
in comparison to activity before red wine intake. a p < 0.001, b p < 0.01 and c p < 0.05 statistical
differences among genotypes.
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3.4. PON1 Activities and Nutrient Intake

Logistic regression analyses were conducted to evaluate the association between PON1
specific activities (AREase and PONase) and nutrient intake. The model was adjusted by
sex, age, BMI, physical activity, smoking habits, lipid profile parameters and genotypes.

Initial AREase activity was associated negatively with tocopherols (β-, γ- and δ)
and polyunsaturated fat intake. In addition, negative associations were found between
PONase activity with calcium and potassium, as well as with vitamins B (2,3,6) intake
(Table 4). No association was found regarding CMPAase or LACase activities with respect
to nutrient intake.

Table 4. Associations between initial PON1 AREase and PONase specific activities and nutrient intake.

AREase

Nutrient OR 95% CI p

Total fiber (g) 1.002 1.0004–1.004 0.02

β-tocopherol (mg) 0.085 0.0088–0.813 0.03

γ-tocopherol (mg) 0.814 0.668–0.992 0.04

δ-tocopherol (mg) 0.517 0.281–0.950 0.03

Polyunsaturated fat (g) 0.906 0.823–0.998 0.04

PONase

Nutrient β 95% CI p

Total protein (g) −0.008 −0.0139–−0.0013 0.02

Animal protein (g) −0.012 −0.0214–−0.0032 0.01

Calcium (mg) −0.0007 −0.0014–−0.00006 0.03

Potassium (mg) −0.0001 −0.0003–−4.6 × 10−6 0.04

Vitamin B2 (mg) −0.302 −0.581–−0.0234 0.03

Vitamin B3 (mg) −0.023 −0.045–−0.0024 0.03

Vitamin B6 (mg) −0.217 −0.416–−0.0178 0.03

Animal fat (g) −0.008 −0.016–−0.0003 0.04

Saturated fat (g) −0.017 −0.032–−0.0011 0.04

A Results are expressed as odds ratio (OR) and 95% confidence interval (95% CI) and β: beta coefficient. AREase associations were
conducted by logistic regression analysis. Geometric mean (47.38 U/µg) of dichotomized specific AREase activity was used as the cutoff
point. PONase associations were performed by linear regression analysis with specific PONase activity logarithmic transformation.

3.5. Wine’s Phytochemical Composition

The chromatogram was analyzed and compared using online databases to identify the
principal compounds from the Cabernet Sauvignon Malbec wine used in healthy volunteer
participants [37,38]. It is well known that wine is a rich source of phenolic compounds,
and the polyphenolic profile in wine changes due to different conditions including grape
variety, environmental factors in the vineyard, storage conditions and management, for
this reason we decided to conduct this fast analysis to confirm the presence of these
compounds [39–41]. For this reason, we determined a preliminary finger-printing using a
UPLC-QDa-MS, looking for information to link its effects. Phenolic compounds present in
wine can be divided in two major groups according to their carbon skeletons: flavonoids
and nonflavonoids. The main nonflavonoid phenolics include cinnamic acids (caffeic, p-
coumaric, and ferulic acids), benzoic acids (gallic, vanillic, and syringic acids), and stilbenes
(resveratrol).The chromatogram Figure S1 (Supplementary Material) and mass spectrums
analysis in Figure S2 showed the presence of polyphenolic such as gallotannins, stilbenes,
and tannin fragments (Table S3 Supplementary Material) [42]. According to our findings
we can classify the wine used as richer in nonflavonoids compounds like benzoic acids
derivatives and stilbenes such as resveratrol, and resveratrol fragments.
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4. Discussion

Several studies have documented the capacity of polyphenols to regulate PON1
transcription and its antioxidant effects. Polyphenolic compounds and flavonoids are
found abundantly in some foods and in beverages such as red wine [13,25,29]. In the
present study, the effect of dietary habits (macro- and micronutrients) and red wine on
PON1 status in healthy population was evaluated.

Our results showed that more than one half of the study participants were overweight
or obese and that one-tenth of participants consumed tobacco or illicit drugs. Epidemio-
logical studies have demonstrated that nutritional habits entertain a relationship with the
onset of metabolic diseases [43]. A low intake of vegetables and fruits and a high intake
of saturated fats predisposes to metabolic diseases. In this study, we requested that the
participants did not change the normal diet that they had; however, we observed a signifi-
cant decrease (8.7%; p < 0.001) in caloric intake. Some studies have reported that alcohol
consumption increases or decreases the blood levels of leptin, the hormone responsible for
the sensation of satiety [44–46]. The effects of alcohol on leptin depend on the quantity, fre-
quency of ingestion, and type of alcoholic beverage [47–49]. However, the effects of alcohol
on the gastrointestinal signaling pathways have not been completely described given to that
the mechanisms involved in satiety and food intake are complex [50,51]. This also might
explain the results observed in the intake of vitamins and minerals in our study population.

The antioxidant compounds that are contained in some foods and red wine also regu-
late and protect PON1 from oxidation and could act synergistically or antagonistically with
the enzyme [52]. Our data revealed a significant increase in the AREase specific activity
by 18.97% (quotient of activity/PON1 protein concentration), after red wine consumption
(* p < 0.05). We observed differences in the activities of PON1 according to Q192R geno-
type. The genotype distribution found in the current study was not different from that
found in other Mexican populations [10,53–55]. Few studies have reported PON1 specific
activities. In this regard Mota et al. [56] reported specific PON1 AREase (0.15 ± 0.06 U/ng)
and PONase (0.56 ± 0.23 U/µg) activities in an Iranian population; and found a lower
concentration of PON1, but higher AREase and PONase activities than the present study.
González et al. [55] reported that specific PON1 LACase activity is not influenced by PON1
polymorphism genetics. These results are in agreement with those found in this study, in
which we did not observe in the LACase activity among the Q192R genotypes either before
or after red wine consumption.

The relationship among the compounds contained in foods and the induction of PON1
is being thoroughly revised. Recent evidence deriving from in vitro, in vivo, and clinical
observational studies suggests that PON1 activity is affected by the specific food profile
intake [14,57,58]. Our results show that total fiber consumption increases PON1 specific
AREase activity; contrariwise, Rantala et al. [59] reported decreases in PONase activity in
healthy Finnish women with a high-fiber diet.

Moreover, the beneficial antioxidant effects of vitamin E and its active compounds
(primarily α-, β-, γ- and δ-tocopherols) in human health are well known [60]. However, our
results have shown a negative association between specific AREase activity and the consumption
of β-, γ- and δ-tocopherols. Nadeem et al. [61] reported failure in the antioxidant protection of
tocopherols (α- and γ-) on HDLs in vitro. As well, Wade et al. [62] observed a decrease of 15.9
and 13.2% in PON1 AREase activity associated with HDL2 and HDL3, respectively, in healthy
Irish volunteers whose uptake was of 400 IU of α-tocopherol for 6 weeks.

Regarding the intake of saturated and polyunsaturated fats, a negative association
in both specific AREase and PONase activities was found. These results are in agreement
with several in vivo and epidemiological studies [63–66]. With respect to total and animal
protein intakes, our results revealed increases in specific AREase and PONase activities.
Haraguchi et al. [67] reported higher PONase activity in whey-protein-fed rats than in
casein-fed rats. Increases have been reported in AREase and PONase activity with taurine
supplementation [68]. Recently, our study group observed, in a Mexican population, that
protein intake exerted positive effects on PON1 CMPAase activity (β = 0.0093; p = 0.02) [69].
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The antioxidant effects of trace elements such as, zinc, selenium, copper, and man-
ganese are widely described, [70–72] given the fact that nutritional supplementation con-
taining mixtures of vitamins and these trace elements have shown positive effects on
PONase activity [73,74]. However, the effects of minerals alone remain scarcely studied. In
the present study, we found, in a healthy population, that calcium and potassium consump-
tion decreased PONase activity. Ardalić et al. [75] reported that calcium mixed with zinc,
iron, folic acid, and vitamins B1, B2, B3, B12, C, D and E had no effects on PON1 activity in
healthy pregnant Serbian women. Ponce-Ruíz et al. [67] reported that potassium intake
influenced LACase activity in the control group (β = 0.00002; p < 0.01). Our results have
shown negative effects of vitamins B1 and B2 on specific PONase activity; these results
support the findings by Ponce-Ruíz et al. [69] who observed a negative influence of vitamin
B1 on AREase activity. We found a negative influence of vitamin B6 on PONase activity,
contrary to Tas et al. [76] who showed increases of 26.1% in AREase and 25.9% in PONase in
healthy subjects. A study of a habitual diet conducted in healthy volunteers demonstrated
a negative correlation of PON1 activity with a high intake of vegetables and fats; [77,78]
support our findings on PONase activity, given that the natural sources of tocopherols and
vitamins B1, B2 and B6 are mainly animal-derived products and vegetables [79,80].

Our results suggest that compounds found in the red wine like benzoic acids deriva-
tives, stilbenes such as resveratrol, as well as genotype and dietary habits exert an influence
on both the phenotype and concentration of PON1, including macro- and micronutrients,
suggesting the relevance of taking into account the internal and external factors that could
exert an effect on PON1 status in human populations. In conclusion, our data acknowl-
edge that the moderate consumption of red wine, for this study 120 mL specifically has a
beneficial effect on PON1 specific AREase activity in this healthy Mexican population.

5. Limitations of the Study

An important limitation of this study is the small sample size; however, one strength
is that the subjects were their own control. A large-scale longitudinal study to evaluate the
relationship between the status of PON1 and red wine and dietary intake are required.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/app11209503/s1, Figure S1. Preliminary fingerprinting: Total Ion Chromatogram, and
3D Chromatogram for Cabernet Sauvignon Malbec wine sample by UPLC-QDa., Figure S2. Mass
spectrum for flavagallol and trans-resveratrol. Tables: Table S1. Linkage disequilibrium among PON1
polymorphisms, Table S2. Allele and genotype frequencies of PON1, Table S3: UPLC-MS. Data of the
compounds detected from Malbec wine Retention times and MS fragmentation data in positive ion
mode for wine Cabernet Sauvignon Malbec [81–85].
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