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Introduction
In 2012 the 63% of worldwide deaths was been due to Non 
Communicable Diseases (NCDs), mainly cardiovascular disease 
(CVD), cancer, diabetes and chronic respiratory diseases. WHO 
projections expect a globally increase of 15% for NCDs deaths 
between 2010 and 2020.1 CVD represents the major cause of 
death in the world (29,6%), and in Europe, despite the recent 
slight decrease, the mortality for CVD is still consistent.1, 2

Among several CVD risk factors, obesity management and 
the reduction of bad eating habits could alleviate the increasing 
CVD gravity on worldwide deaths. 

Inflammation contributes significantly to the development of 
chronic diseases including CVDs and cancer.3

Dietary supplementation with antioxidants, including pheno-
lic compounds obtained from plants, may help maintain a desir-
able prooxidative/antioxidative balance.4

Nowadays, different dietary sources are of considerable interest 
due to their potential health benefits in relation to different diseases.5

The efficacy of the Mediterranean diet, enriched with extra 
virgin olive oil (EVOO), was proved by the reduced incidence 
of major cardiovascular events in the Mediterranean popula-
tion. This effect could be related to several changes of pathways 
involved in cardiometabolic risk, like resistance to oxidation 
and inflammation. In fact, the Mediterranean diet improves the 
non-enzymatic antioxidant capacity in order to protect the body 
from oxidative stress6,7 which plays a pivotal role in CVD onset 
and development. 

EVOO supplementation brings several benefits on CVD, due 
to the antioxidant, anti-inflammatory, vasodilatory and antiplate-
let aggregation proprieties of its phenolic compounds. The Food 
and Drug Administration (FDA) has recognized olive oil (23 g/
day) as a qualified dressing able to decrease the risk of coronary 
heart disease.8 

The main EVOO cardio-protective effect is attributable to the 
presence of its phenolic compounds.9 Indeed, the hydroxytiro-
sol (2–(3,4-dihydroxyphenyl) ethanol) (HT) has good effects on 

the prevention of CVD, High-Density Lipoprotein cholesterol 
(HDL-C) and antioxidant enzymes activity.10,11 

Atherosclerosis is characterized by a strong imbalance be-
tween oxidants and antioxidants, responsible for CVD onset in 
subjects with a high-grade inflammation. HT plays a significant 
role in CVDs prevention, and its metabolites are able to protect 
from endothelial dysfunction commonly present in atherosclero-
sis.12 HT is able to reduce cardiomyocyte apoptosis, infarct size, 
hypercholesterolemia levels, inhibit peroxidation of Low Density 
Lipoprotein cholesterol (LDL-C), reduce markers of lipid perox-
idation like malondialdehyde (MDA), and increase HDL-C.13,14

In vitro and in vivo studies15 showed an increased expression 
of Superoxide dismutase-1 (SOD1) after EVOO and HT acute 
intake, demonstrating the ability of olive oil phenolic compounds 
to improve the endogenous antioxidant defense.

SOD1 is a cytoplasmic antioxidant enzyme that plays a cru-
cial role in hypertension and atherosclerosis onset.16 SOD1 is able 
to catalyze superoxide radical (O

2
·-) in hydrogen peroxide (H

2
O

2
), 

which in turn is catalyzed into water through glutathione perox-
idase (GSH-Px) and catalase (CAT).16,17 Superoxide, controlled 
by SOD1, belongs to the Reactive Oxygen Species (ROS), and is 
involved in several endothelial dysfunctions. Therefore, we know 
that superoxide plays an important role in the development of 
atherosclerosis. In addition to SOD1, GSH-Px and CAT, other 
enzymes are involved in the regulation of oxidative stress. These 
includes the macrophage migration inhibitory factor (MIF)18 and 
peroxisome proliferator-activated receptor gamma (PPARγ).19 
Conversely, ROS have the ability to modulate the expression of 
different inflammation genes like nuclear factor of kappa light 
polypeptide gene enhancer in B-cells (NFKB),20 and consequent-
ly chemokine (C-C Motif) ligand 2 (CCL2).21 

To our knowledge, no research has tested the acute effects 
of a new pharmaceutical formulation containing EVOO enriched 
with HT on biomarkers associated with CVD (glycemic and lipid 
profiles) and antioxidant status. Moreover, the literature is lack-
ing studies that evaluate the aspects of nutrigenomics including 
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gene expression modulation of oxidative stress, inflammatory 
pathway, risk of sarcopenia and osteoporosis. 

Therefore, the purpose of our study was to assess, through a 
nutrigenomic approach, the antioxidant effects of HT and how 
they could exert a lipoperoxyl radical-scavenging activity, able 
to modulate gene expression of genes related to inflammatory 
pathways, and increase the levels of antioxidant compounds.

Our hypothesis is that the acute treatment with hydroxytyro-
sol (HTT) may help reduce the oxidative stress in postprandial 
time. Hence, we wanted to test the efficacy in healthy human 
volunteers of 15 mg/day of HT, extracted from olive fruits and 
conveyed in organic EVOO, present in a new formulation with 
intestinal release, on glycemic and lipid profile, oxidative stress 
biomarkers and genomics. A randomized controlled trial was 
performed on healthy volunteers. 

Methods
Study design and subjects
The study was conducted using a randomized, controlled cross-
over design, between December 2015 and April 2016. Subjects 
were recruited sequentially within a routine medical check-up 
program at the Section of Clinical Nutrition and Nutrigenomics, 
Department of Biomedicine and Prevention of the University of 
Rome “Tor Vergata”. 

The study consists of HTT or placebo (PT), separated by a 
2-weeks wash out period. At the end of wash out, the groups re-
ceived PT or HTT (Figure 1).

The European Food Safety Authority (EFSA) established for 
the EVOO polyphenol the health claim “protection of blood lipids 
from oxidative stress”. This health claim is valid only if the daily 
intake of HT and its derivatives is at least 5mg/day, in order to have 
a protection of LDL particles from oxidative damage.22 In the pres-
ent study, the administration of 15 mg/day of HT was established 
in order to guarantee the achievement of recommended dose. 

Eligible patients were randomly assigned to HTT and PT in 
a 1:1 ratio. 

Randomization was performed by a person from the clinical 
investigation unit not involved in the clinical trial. The study was 
therefore double-blind.

Volunteers took daily n. 2 capsules of 7.5 mg HT or n. 2 cap-
sules of placebo (P) administered in randomized order, before 
lunch in order to ensure gastric transit and intestinal absorption. 

Subjects were asked to maintain their usual lifestyle habits 
and to report any illness or abnormality arising during the study. 
Throughout the study, volunteers were restricted regarding their 
consumption of polyphenol-rich drinks like coffee, tea, wine and 
cocoa (less than 200 mL/day). 

Nutritional status and body composition were evaluated with 
anthropometry, dual X-ray Absorptiometry (DXA) and bioim-
pedentiometry (BIA), and blood analysis. The evaluation was 
performed at baseline (B) to identify eligible subjects.

At baseline and at post prandial time, after two hours, gene 
expression and blood analysis were performed. 

Due to the different phenotypes of obesity, according to De 
Lorenzo et al.,23 subjects were classified based on body mass index 
(BMI) and percentage (%) of total body fat (TBFat) as: normal 
weight lean subject with BMI <25kg/m2 and TBFat (%)<30; nor-
mal weight obese subject with BMI <25 kg/m2 and TBFat (%) ≥30; 
pre obese/obese subject with BMI ≥25 kg/m2 and TBFat (%) ≥30.

All participants recruited in the study authorized their participa-
tion by reading and signing the informed consent, conducted in ac-
cordance with the Helsinki Declaration of 1975 as revised in 1983. 

The study has been registered in ClinicalTrials.gov Id: 
NCT01890070 (www.ClinicalTrials.gov).

Endpoint
The primary endpoint of this study was to asses a panel of blood 
analys to define glycemic and lipid profiles (insulin; glucose; 
triglycerides, Tg; total cholesterol, TC; HDL-C; LDL-C), anti-
oxidant status (Total Antioxidant Status (TAS) and lipid peroxi-
dation, expressed as MDA, Thiols, Nitrites/Nitrates), plasma and 
erythrocytes membrane polyunsatured fatty acids (PUFAs). 

The secondary endpoint was to evaluate HTT on gene ex-
pression of selected genes belonging to inflammatory and oxida-
tive stress pathway: MIF, SOD1, PPARγ, CAT, CCL2, NFkB1, 
methylenetetrahydrofolate reductase (MTHFR), apolipoprotein 
E (APOE), angiotensin I converting enzyme (ACE), vitamin D 
(1,25-dihydroxyvitamin D3) receptor (VDR), and interleukin-6 
receptor (IL-6R).

Inclusion and exclusion criteria
Inclusion criteria: healthy volunteers, according to blood analy-
sis, aged between 18 and 65 years. 

Exclusion criteria: pregnancy; breast-feeding; type 1 and 
type 2 diabetes; heart failure; endocrine disorders; liver dysfunc-
tion; liver, kidney, autoimmune, chronic viral (Hepatitis C, B) 
and neoplastic diseases; corticosteroid and chronic inflammatory 
therapy; participation in other dietary trials.

Sample size
As insulin was a parameter of the first outcome, it was selected 
to calculate minimum sample size according to de Bock M. et 
al.24 The minimum sample size was calculated using a two-tailed 
one-sample Student’s t-test, considering: (i) insuline to be detect-
ed between baseline and HTT |δ| ≥15 µU/mL – 1; (ii) SD of the 
paired differences SD = 15 µU/mL; (iii) type I error probability α 
= 0.05 and power 1 − β = 0.90. The result was a minimum sample 
size of 10 per group.

HT and placebo capsules composition
HT capsules were composed of: Hard Gelatin Enteric Coated 
Capsules (Fenolia™, P&P Farma Srl, Turin, Italy) at 7.5 mg 

Figure 1. Clinical study design. 
E: enrollment; R: randomization; B: Baseline; HTT: hydroxytyrosol treatment; PT: placebo treatment; W.O.: wash out.
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strength of Hydroxytyrosol from Olive Extract (elaVida™, DSM, 
Heerlen, The Netherlands) in Extra Virgin Organic Olive Oil ve-
hicle and enteric coated with Eudraguard® natural (Evonik In-
dustries AG, Essen, Germany). Placebo capsules were composed 
of: gelatin; coating agent: modified starch; anti-caking agents: 
talc, silicon dioxide; stabilizer: glycerol; dl-alpha-tocopherol; 
dyes: E171, E141, E161b.

Anthropometric evaluation
Waist and hip circumferences were taken using a flexible steel 
metric tape to the nearest 0.5 cm, with subjects standing with 
arms relaxed by their side and balanced on both feet. Waist cir-
cumference was measured just above the iliac crest. Hip circum-
ference measurement was taken at the greatest posterior protu-
berance of the buttocks. Waist/hip ratio (WHR) was also evalu-
ated in relation to clinical risk thresholds, i.e. WHR>1 for men 
and WHR>0.9 for women. Body weight (kg) was measured to 
the nearest 0.1 kg, using a technical balance (Invernizzi, Rome, 
Italy). Height (m) was measured to the nearest 0.1 cm using a 
stadiometer (Invernizzi, Rome, Italy).

Body mass Index (BMI) was calculated using the formula: 
BMI = body weight /height2 (kg/m2).

Body composition analysis 
Dual X-ray Absorptiometry (DXA) and plicometry
TBfat, lean mass (TBLean) and total body bone mass (TBBone) 
were assessed using dual-energy X-ray absorptiometry (DXA) 
(i-DXA, GE Medical Systems, Milwaukee, WI, USA), following 
the previously described procedure.23 The average measurement 
time was 20 min. The effective radiation dose from this proce-
dure is about 0.01 mSv. The coefficient of variation (coefficient 
of variation = 100 x SD/mean) intra and inter subjects ranged 
from 1% to 5%. The coefficient of variation for bone measure-
ments is less than 1%; coefficient of variation on this instrument 
for five subjects scanned six times over a nine month period were 
2.2% for TBfat, and 1.1% for TBLean.

TBfat % = (TBfat+ TBLean + TBBone) x 100.
TBfat distribution was also determined using a plicometer 

(Harpenden Callipers) with skinfolds measurement in triplicate 
and collected at four points: triceps, biceps, subscapular and 
suprailiac. Skinfolds measurements were utilized in Durnin & 
Rahman (1974) equations to calculate body density, and the Siri 
formula was subsequently applied to predict TBfat %.25

Bioimpedentiometry 
Resistance, reactance, impedance and phase angle at 50 kHz fre-
quency were measured using a BIA phase sensitive system (BIA 
101S, Akern/RJL Systems, Florence, Italy). Total body water 
(TBW), extracellular water (ECW), intracellular water (ICW), 
Na/K ratio, phase angle (PA), body cell mass (BCM), and body 
cell mass index (BCMI) were calculated from bioelectrical mea-
surements and anthropometric data employing the software pro-
vided by the manufacturer, which incorporates validated predic-
tive equations.23

 
Analysis of Blood Samples
Biochemical analysis
Blood samples were taken after a 12-hour overnight fast. 
Blood samples were collected in sterile tubes containing EDTA 
(Vacutainer®) and placed on ice. Plasma was separated by cen-
trifugation (1600 rpm, at 4°C for 10 min), removed, aliquoted and 
stored at -80°C. All clinical chemistry analyses, except plasma 
glucose and serum lipid analysis, were carried out using an AD-

VIA®1800 Chemistry System (Siemens Healthcare) following 
standard procedures.26 Plasma glucose concentrations were mea-
sured using the glucose oxidase method and automated glucose 
analyzer (COBAS INTEGRA 400, Roche Diagnostics, Indianap-
olis, IN, USA); serum lipid profile components were determined 
by standard enzymatic colorimetric techniques (Roche143 Mod-
ular P800, Roche Diagnostics, Indianapolis, IN, USA). Cardio-
vascular risk was determined by the following ratios: TC/HDL-C 
(<3); LDL-C/HDL-C (<2).

Adipocyte dysfunction was evaluated by the lipid accumu-
lation product index (LAP) calculated using the following for-
mulas:

(Waist circumference [cm] – 65) x Tg concentration [mM] 
for men; 

(Waist circumference [cm] – 58) x Tg concentration [mM] 
for women.

All the analyses were performed in duplicate, while the mea-
surements were performed in triplicate, at Polyclinic of Tor Ver-
gata, Rome, Italy.

Antioxidant status
TAS, MDA, Thiols, Nitrites/Nitrates were determined using 
commercially available kits following manufacturer’s instruc-
tions. Fluorometric Thiol Assay Kit (MAK151-1KT), MDA As-
say Kit (MAK085-1KT) and Nitrite/Nitrate Assay Kit (23479-
1KT-F) were purchased from Sigma-Aldrich (Milan, Italy). Total 
Antioxidant Status Assay Kit (615700-1KIT) was purchased 
from Merck Millipore (Milan, Italy). Oxidized LDL-C (ox-LDL) 
concentration in plasma was measured by enzyme linked immu-
nosorbent assay using the mAb-4E6 antibody (Mercodia AB, 
Uppsala, Sweden).

PUFAs were analyzed from venous blood sample and col-
lected in tubes containing EDTA (Vacutainer®) and centrifuged 
(3500 rpm for 5 min). Plasma was removed and stored at -80°C 
while red cells were washed with saline solution (NaCl 0,9%) 
and collected and frozen at - 80°C. Erythrocyte membrane PU-
FAs methyl esters were extracted by a modified version of previ-
ously reported methods.27 In plasma, total PUFAs methyl esters 
were evaluated through gas chromatography (GC, model 6890N, 
Agilent Technologies Italia Spa), coupled to a mass spectromet-
ric detector (MSD, model Agilent 5973 inert, Agilent Technol-
ogies Italia Spa). Chromatographic separation was performed 
on a BPX-70 (70% cyanopropyl polysilphenylensiloxane, SGE 
Analytical Science, Austin, TX, USA) 30m capillary column 
(0.25mm ID, 0.25μm film thickness). 

All the analyses were performed in triplicate.
Antioxidant status was performed at Department of Chem-

ical, Biological, Pharmaceutical and Environmental Sciences, 
University of Messina, Italy.

Sample collection, RNA extraction and analysis
Blood samples were collected, stabilized in PAX gene Blood 
RNA Tubes (Pre AnalytiX Qiagen, Hombrechtikon, Switzerland) 
and stored at -80°C. Total RNA of each collected sample was 
purified with PAX gene Blood miRNA Kit following the man-
ufacturer’s instructions (Pre Analytix Qiagen, Hombrechtikon, 
Switzerland). Total RNA was quantified, assessed for quality by 
spectrophotometry (Nanodrop, Wilmington, USA) and agarose 
gel electrophoresis. Specific RT2 Profiler PCR Arrays (Qiagen, 
Netherlands) were used, focusing on the Human Oxidative Stress 
(PAHS-065ZA, Qiagen, Netherlands) and Human Inflammation 
(PAHS-097ZA, Qiagen, Netherlands) pathways. Gene expres-
sion of 13 genes was analyzed.
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Specific RT2 Profiler PCR Arrays (PAHS-065ZA, 
Qiagen, Netherlands) were analyzed for human oxidative 
stress: SOD1 (GenBank accession n. AK312116.1), and 
CAT (GenBank accession n. AY545477.1).

Specific RT2 Profiler PCR Arrays (PAHS-097ZA, 
Qiagen, Netherlands) were analyzed for human inflamma-
tion pathways: MIF (GenBank accession n. AF469046.1), 
PPARγ (GenBank accession n. AB307692.1), CCL2 (Gen-
Bank accession n. AK311960.1), NFkB1 (GenBank acces-
sion n. AK1122850.1), IL6R.

Gene expression of cardiovascular risk related genes was 
analyzed: VDR, MTHFR (GenBank accession n. AB209113.1), 
APOE (G enBank accession n. K314898.1) and ACE (GenBank 
accession n. AB208971.1). Each qRT-PCR experiment was per-
formed in triplicate and repeated at least twice, in line with man-
ufacturer’s instructions (Qiagen, Netherlands).

Genomic analyses were performed at the Division of Clinical 
Nutrition and Nutrigenomics, University of Rome Tor Vergata, 
Italy.

HT bioavailability determination 
The HPLC method for HT bioavailability determination was val-
idated in compliance with the International Council for Harmoni-
zation of Technical Requirements for Pharmaceuticals for Human 
Use; Harmonized Tripartite Guideline (2005),28 in terms of selec-
tivity, linearity, limit of detection and quantitation and precision. 
A good analytical method should be able to measure accurately 
the analyte in the presence of suspected interferences such as its 
own degradation products and any co-eluting compounds. The 
chromatographic separation of HT showed no overlap (base-line 
separations); also, as highlighted by chromatogram, no interfer-
ences by matrix constituents (EVOO polyphenols) and excipients 
during the analyte retention time were found (Figure 2).

A test solution containing different concentrations of pure 
reference standard was prepared and analyzed using the analyt-
ical parameters described earlier. The detection limit was cal-
culated as the amount of chemical that resulted in a peak three 
times higher with respect to baseline noise. The linear calibration 
range, regression equation, quantification limit and precision, 

expressed as relative standard deviation percentage (RSD%) of 
the compound of interest, were calculated, and the results are 
presented in Tables 1 and 2.

HT was extracted from acidified plasma by solid-phase ex-
traction using an Oasis HLB 1 cc Vacuum Cartridge 30 mg, 30 
µm (Waters, Italy) following the method developed by Ruiz-Guti-
errez and coworkers.29

The cartridge was placed in a vacuum system device fitted 
with a small vacuum pump. Pressure was monitored during the 
critical cartridge conditioning, equilibration, and sample loading 
steps, thereby preventing fluctuations in separation efficiency due 
to variations in flow rate. Prior to use, the cartridge was condi-
tioned with 1 mL of methanol followed by equilibration using 1 
mL of H

2
O. The sample solution, consisting of 100 µL of plasma 

sample, 10 µL of H
3
PO

4
 8.5% and 10 µL of gallic acid 1 mg mL-1 

as internal standard, was loaded. The cartridge was washed with 
0.5 mL of water followed by 1 mL of 5% (v/v) methanol in water 

Figure 2. Exemplificative HPLC chromatogram of qualitative-quantitative analysis of HT in plasma sample.

Table 1. Percentage recovery of hydroxytyrosol at three different 
concentrations.

Concentration 
(ppm)

Recovery (%) Mean SD
RSD 
(%)

0.50 98.54 98.21 98.65 98.47 0.23 0.23
1.50 98.25 98.82 98.35 98.47 0.30 0.31
4.00 97.84 98.08 98.13 98.02 0.16 0.16

SD: standard deviation; RSD: relative standard deviation

Table 2. Precision, LOD and LOQ of the proposed method.

Compounds Parameters

RSD (%), 
n = 6
inter-day

RSD (%), 
n = 6
intra-day

LOD
(ppm)

LOQ
(ppm)

HT 1.15 1.28 0.15 0.27

LOD: limit of detection; LOQ: limit of quantification; HT: hydroxytyrosol; 
RSD: relative standard deviation
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and then the sample was eluted with 1.5 mL of methanol. The 
eluted fraction was filtered through a 0.22 µm nylon membrane 
filter and injected into an HPLC system. 

A 500 µg mL−1 HT standard stock solution was prepared us-
ing acetic acid 0.2% and methanol 75/25 (v/v) (pH 3.30). From 
this solution, freshly working standard solutions from 3 to 100 µg 
mL−1 were prepared. HT (2-(3,4-di-hydroxyphenyl) ethanol) and 
gallic acid ≥ 98% were purchased from Sigma-Aldrich (Milan, 
Italy). Glacial acetic acid, phosphoric acid and methanol were 
HPLC grade and purchased from Merck (Darmstadt, Germany). 
Water used in all experiments was passed through a Milli-Q (Mil-
lipore, Milan, Italy) water purification system (18 mΩ).

The analytical evaluation was performed following Miralles 
et al.30 with some modifications using an Agilent high perfor-
mance liquid chromatography system (1100 series) equipped 
with an LC binary pump, an autosampler, a degasser and a ther-
mostatic column oven coupled to a UV-Vis photo diode array 
detector (DAD). The column was an Ascentis 150 x 4.6 mm, 5µm 
(Supelco, Milan, Italy). The elution gradient consisted of mobile 
phase (A) H

2
O (0.2% CH

3
COOH, pH 3.1) and (B) CH

3
OH. The 

following gradient was used: 0-2 min, 95% A and 5% B; 10 min, 
75% A and 25% B; 13 min, 95% A and 5% B; 13-15 min 95% A 
and 5% B. Flow rate was 1.5 mL/min and injection volume was 
20 µL. The column oven was set at 25°C. HT was recognized and 
quantified at 280 nm based on the supplier’s standard, comparing 
retention time and relative UV-VIS spectra (range 200-400 nm). 
Results are expressed as µg of HT per ml of plasma sample. 

All the analyses were performed in triplicate.
HT bioavailability determination was performed at Depart-

ment of Chemical, Biological, Pharmaceutical and Environmen-
tal Sciences, University of Messina, Italy.

Statistical analysis 
Statistical analysis was carried out using IBM SPSS 21.0 for 
Windows (Armonk, NY: IBM Corp. USA). A descriptive sta-
tistical analysis was conducted for body composition and blood 
parameters. 

After the Shapiro-Wilk test, a paired t test or a non-parametric 
Wilcoxon test was performed to evaluate differences before and 
after treatment (HTT and PT). In all statistical tests performed, 
the null hypothesis (no effect) was rejected at the 0.05 level of 
probability. 

Data Analysis of Quantitative Real Time PCR: the value used 
to plot relative gene expression was determined using the expres-
sion Fold Change (FC)=2-ΔΔCT,31 using β-actin (ACTB) as house-
keeping gene. Lastly, only genes with a FC>2 were selected and 
referred to as “differentially expressed genes”, with a p value 
<0.05 taken to indicate statistical significance.

Results
Of the forty enrolled subjects, twelve of them were excluded 
from the trial (four subjects didn’t meet inclusion criteria, while 
eight subjects declined to participate). Finally, twenty-eight pa-
tients completed the trial. 

No changes to trial outcomes after the trial commenced oc-
curred. The descriptive characteristics of the enrolled subjects are 
indicated in Table 3.

All subjects were in good health conditions. The average age 
of subjects was 32.00 ± 12.22 years, 57% female and 43% male. 

Subjects’ phenotypes were as follows: 42.8% Normal Weight 
Lean, 28.6% Normal Weight Obese and 26.8% Pre-obese/Obese. 
The mean ± SD of FM% was 28.26 ± 10.43, and of FM (kg) 
16.10 ± 6.91. 

Table 3. Descriptive characteristics of subjects at Baseline.

Parameters
Baseline

Mean ± SD

Weight (kg) 67.35 ± 9.77
BMI (kg/m2) 24.39 ± 3.39
Waist Circumference (cm) 77.24 ± 7.04
Hip Circumference (cm) 99.07 ± 7.67
Waist/Hip ratio 0.78 ± 0.07
Biceps Skinfold (mm) 5.99 ± 2.57
Triceps skinfold (mm) 15.93 ± 6.36
Subscapular skinfold (mm) 13.39 ± 3.89
Suprailiac skinfold (mm) 12.38 ± 5.25
FM% (Skinfolds) 24.30 ± 7.29
Resistance (Ohm) 518.07 ± 86.91
Reactance (Ohm) 54.07 ± 7.51
TBW (l) 38.03 ± 7.25
ECW (l) 17.58 ± 8.35
ICW (l) 20.45 ± 4.91
BCM (kg) 27.94 ± 6.71
Phase Angle 6.02 ± 0.72
TBW (%) 56.46 ± 6.62
ECW (%) 45.80 ± 3.43
ICW (%) 54.20 ± 3.44
BCMI (kg/m2) 10.01 ± 1.68

All results are expressed as mean ± standard deviation (SD).
BMI: body mass index; FM: fat mass; TBW: total body water; ECW: 
extracellular water; ICW: intracellular water; BCM: body cell mass; BCMI: 
body cell mass index.

Median value of HT bioavailability was of 0.25 mg/ml of 
plasma.

HTT showed significant reductions in levels of total choles-
terol (p=0.026) and triglycerides (p= 0.011), (Table 4).

Consequently, cardiovascular risk index, evaluated by total 
cholesterol/HDL, was significantly reduced (p= 0.008). We also 
detected a significant increase in LDL cholesterol levels (p= 
0.026; Δ%= 6.32%), albeit remaining within normal range.

The results obtained show a marked antioxidant effect on all 
assessed parameters. In fact, thiol groups and TAS were already 

Table 4. Blood analysis comparison between baseline and HT 
treatments.

Baseline
Mean ± DS

HTT
Mean ± DS

Total Cholesterol (mg/dl) 156.54 ± 11.91 152.86 ± 12.13*
HDL-C (mg/dl) 62.10 ± 8.95 62.21 ± 9.34
Triglycerides (mg/dl) 66.45 ± 27.28 58.50 ± 26.57*
LDL-C (mg/dl) 87.05 ± 9.94 86.57 ± 11.92
Glycemia (mg/dL) 80.02 ± 7.51 79.86 ± 5.28
Insulin (U/mL) 6.68 ± 2.76 6.98 ± 3.00
Total Cholesterol/HDL-C 2.54 ± 0.29 2.50 ± 0.34*
Total Cholesterol/LDL-C 1.79 ± 0.22 1.78 ± 0.18
LAP 10.04 ± 3.64 9.80 ± 3.55
LDL/HDL 1.40 ± 0.28 1.42 ± 0.31

All parameters were evaluated before and after treatment. All results are 
expressed as mean ± standard deviation (SD). Statistical significance attributed 
to results with *p<0.05 (between HTT and Baseline) after parametric test 
(student t-test) or non-parametric test (Wilcoxon-Mann-Whitney).
AP: acute phase; HTT: hydroxytyrosol treatment; HDL-C: high-density 
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.
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significantly higher than baseline (respectively, p= 0.004, and p= 
0.002). By contrast, lipid peroxidation showed a marked and sta-
tistically significant reduction with respect to baseline values of 
nitrite and nitrate (p= 0.001, and p= 0.001), oxLDL (p<0.001), 
and MDA (p= 0.019) (Table 5).

Table 5. Oxidative stress analysis comparison between baseline 
and HT treatments.

Baseline
Mean ± SD

HTT
Mean ± SD

TAS (mM) 2.65 ± 0.74 3.89 ± 1.59 §

Thiols (µM) 22.98 ± 2.75 24.29 ± 2.98 §

Nitrites (µM) 7.02 ± 2.97 4.88 ± 2.59 §

Nitrates (µM) 77.10 ± 59.65 64.72 ± 37.62 §

MDA (µM) 0.40 ± 0.20 0.31 ± 0.26 *

oxLDL (U/L) 2.95 ± 1.02 1.82±1.24§

All parameters were evaluated before and after treatment. All results are 
expressed as mean ± standard deviation (SD). Statistical significance attributed 
to results with *p<0.05 (between HT-AP and Baseline) after parametric test 
(student t-test) or non-parametric test (Wilcoxon-Mann-Whitney). §P<0.01 
(between HTT and Baseline).
AP: acute phase; HTT: hydroxytyrosol treatment; TAS: total antioxidant status; 
oxLDL: oxidized low-density lipoprotein.

A moderate up-regulation of MTHFR and ACE gene expres-
sion was observed. Moreover, significant up-regulation of SOD 
1, with a fold-change exceeding the threshold set at 2, was ob-
served (2-ΔΔCt = 6.2) (Figure 3).

Different levels of fold change of genes analyzed between 
hydroxytyrosol treatment (HTT) and Baseline; *p<0.05 between 
HTT and Baseline.

APOE: Apolipoprotein E; MIF: Macrophage migration In-
hibitory factor; SOD1: Superoxide dismutase 1; PPARγ: Peroxi-
some Proliferator-Activated Receptor Gamma; ACE: Angioten-
sin I Converting Enzyme; VDR: Vitamin D (1,25- Dihydroxyvi-

tamin D3) Receptor; MTFHR: Methylenetetrahydrofolate Re-
ductase; CAT: Catalase; CCL2: Chemokine (C-C Motif) Ligand 
2; IL6R Interleukin 6 – Receptor; NFkB1: Nuclear Factor of 
Kappa light polypeptide gene enhancer in B-cells; IGF2R: Insu-
lin-like growth factor 2 receptor; USF1: Upstream Transcription 
Factor 1.

No significant changes after PT were observed.

Discussion 
EVOO is the main lipid component of the Mediterranean Diet.32 
EVOO contains phenolic compounds, as HT, that have several 
beneficial effects on lipoproteins, inflammatory markers, oxida-
tive damage, cellular and platelet functions, bone integrity and 
antimicrobial activity.33,34 

Even if HT is easily absorbed in the digestive tract, its bio-
availability is limited by the production of sulphate and glucuro-
nide conjugate during their first metabolic pass in gut and liver. 
The absorption and the exerted effects of phenolic compounds 
depend on their dosage. Compared to intravenous administration, 
the ingestion of HT is more effective in terms of bioavailability.35

Unfortunately, literature presents only few data, with limited 
knowledge of HT absorption in humans. Pharmacokinetic studies 
were performed in order to understand the bioavailability of HT in 
olive oil.36 The substantial differences observed in the absorption 
of HT, when administered in EVOO from its pure form as aqueous 
solution, can be explained by the presence of other polyphenols 
naturally present in olive oil, such as oleuropein and other secoiri-
doids, which can release HT by hydrolysis in the intestine.33 

Moreover, since the olive oil polyphenols are mainly absorbed 
in the small intestine and in the colon,37 the gastric emptying time 
and HT slow release from EVOO matrix determine extended ab-
sorption curves38 responsible for the high HT concentrations in 
plasma after chronic nutritional intervention. 

For the first time, we tested the bioavailability and the effects 
of a new hydroxytyrosol-based pharmaceutical formulation in a 

Figure 3. Gene expression Fold Change after HT treatments. 
Different levels of fold change of genes analyzed between hydroxytyrosol treatment (HTT) and a Baseline; *p<0.05 between HTT and 
Baseline. 
APOE: Apolipoprotein E; MIF: Macrophage migration Inhibitory factor; SOD1: Superoxide dismutase 1; PPARγ: Peroxisome Proliferator-
Activated Receptor Gamma; ACE: Angiotensin I Converting Enzyme; VDR: Vitamin D (1,25- Dihydroxyvitamin D3) Receptor; MTFHR: 
Methylenetetrahydrofolate Reductase; CAT: Catalase; CCL2: Chemokine (C-C Motif) Ligand 2; IL6R Interleukin 6 – Receptor; NFkB1: 
Nuclear Factor of Kappa light polypeptide gene enhancer in B-cells; IGF2R: Insulin-like growth factor 2 receptor; USF1: Upstream 
Transcription Factor 1.
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randomized controlled crossover trial. In our study, all genomic 
and metabolomics results reflect the high grade of bioavailability 
of HT supplements. The presence of 0.25 mgml-1 of HT in plas-
ma proved that the particular gastro resistant formulation allows 
the HT, as well as other EVOO polyphenols, to be released in the 
intestine without suffering degradation in the stomach. Our results 
confirmed literature data on the better absorption at the intestinal 
level of HT by EVOO.39,40 Furthermore, the presence of other an-
tioxidant agents naturally present in EVOO added in the new for-
mulation that we tested, such as α-tocopherol, could prevent the 
metabolism of phenols and help increase the bioavailability of HT 
compared to other commercially available formulations. 

Significant effect of 15 mg/day of HT intake compared to pla-
cebo, on appropriate markers of oxidation, has been highlighted 
by this study. TAS is a reflection of oxidative stress, and growing 
of TAS concentration after treatment indicates that HT supplemen-
tation leads to the improvement of oxidant activity. Moreover, the 
increased thiols concentration could implicate a prominent role of 
the phenolic compound in the maintenance of redox balance. This 
phenomenon is probably due to its antioxidant activity, which pro-
tects endogenous antioxidant molecules from oxidation.

High LDL-C and total cholesterol levels are considered as 
risk factors for cardiovascular disease (CVD). On the other hand, 
high HDL levels have a protective role for CVD. HDL-C plasma 
concentration increases with high consumption of phenolic com-
pounds, which contribute to lowering LDL-C levels.10,11,36  

As suggested by literature,41-43 in our study HTT is able to 
reduce hypercholesterolemia, nitrite, nitrate, lipids peroxidation 
and ox-LDL-C concentrations.44 Other studies, also, demonstrat-
ed that the consumption of high doses of phenolic compounds re-
duced the risk factors linked to the development of coronary heart 
disease. Hence, we observed significant decreases of -1.88% of 
total cholesterol level and -9.40% of triglycerides, combined 
with a significantly reduction of cardiovascular risk index (Δ%= 
-3.65 %), after HTT respect to placebo. 

In accordance to Katsarou et al.11 we demonstrated that HTT 
is able to reduce lipids peroxidation and protect cells membrane 
and other molecules from oxidation and prevent the atheroscle-
rosis risk. 

Blood analysis and gene expression were going in the same 
direction. 

Our transcriptome study also revealed that the majority of 
studied genes induced lower fold-changes. Nevertheless, the up 
regulation of SOD1, a cytoplasmic enzyme involved in the patho-
genesis of various diseases among which atherosclerosis onset 
and hypertension,16,17 was significantly increased after HTT.

Increasing expression of SOD1 could be related to critical re-
duction of nitrite and nitrate concentrations, and this hypothesis 
is supported by Yao Q. et al. results.45

This finding represents the first evidence of a role for HT in 
the gene-mediated effects related to the reduction of biomarkers 
of oxidative stress.

However, no significant effects of HTT were observed in the 
regulation of inflammation mediated by NFKB. 

Furthermore, our results are sufficient to suggest that a daily 
intake of 15 mg of HT could be recommended to decrease ox-
idative stress and prevent cardiovascular risk, due to lipid and 
plasma antioxidant profile improvement. 

A limit of the study was the lack of certain enzymes activity 
measurement, such as SOD and CAT that could be related to an-
tioxidant effects of HT.

Other limits of this study were the small number of enrolled 
subjects and short duration of treatment. However, the calculat-
ed sample size has been chosen regarding previous nutrigenomic 
studies in clinical trials,46 and on the basis of minimal sample size. 

The idea that it is possible to reduce the postprandial oxida-
tive stress that leads to a basis for acute cardiovascular damage 
may seem trivial. Although our results do not allow to conclude 
that an acute intake of HT can prevent CVD, it seems reasonable 
to assume that a favorable acute effect is shown on some risk 
factors, such as oxidative stress biomarkers, over expression of 
inflammation and oxidative stress related genes. We know that 
continuous oxidative insults can increase the risk of CVD. There-
fore, the possibility of reducing the oxidative processes with 
acute treatments could prevent this risk, day by day.

Moreover, according to our results, n.2 capsules/day contain-
ing 7.5 mg of HT could be proposed to EFSA opinion to obtain 
a “health claim” according to Regulation (CE) n. 1924/2006, re-
lated to the following nutritional and health indications: “reduces 
oxidative stress”, “maintains normal blood HDL-cholesterol con-
centrations”, has “anti-inflammatory properties”, “antioxidant 
properties”, and “contributes to body defenses against external 
agents”.

Further clinical trials with this new HT formulation, on a larg-
er population, over a longer period, to increase knowledge about 
therapeutic mechanisms and to ensure its efficacy and safety, be-
fore definitive conclusions can be made, are required.
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