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Introduction: Diabetes mellitus is a severe metabolic disorder strongly linked to
vascular complications driven by endothelial dysfunction, chronic inflammation,
and oxidative stress. Novel strategies to mitigate endothelial activation are
urgently needed. In this context, phenolic compounds derived from olive
leaves, a byproduct of olive oil production, have shown promising potential in
counteracting diabetes- associated endothelial inflammation. This study
investigates the potential anti-inflammatory effect of polyphenol-rich extracts
derived from two olive leaves Spanish monocultivars, Picual and Changlot Real, in
human umbilical vein endothelial cells from healthy pregnancies (C-HUVEC) and
gestational diabetes (GD-HUVEC), which serve as a relevant in vitro model of
hyperglycemia-induced endothelial dysfunction.

Methods: Olive leaf extracts were characterized by HPLC-ESI-TOF-MS. C-
HUVEC and GD-HUVEC were treated with the extracts, and pro-inflammatory
markers expression (NF-kB p65, MCP-1, and VCAM-1), NF-kB p65
phosphorylation, and monocyte adhesion were assessed under basal and
TNFa-stimulated conditions using RT-PCR, flow cytometry, and adhesion assays.
Results: Both Picual and Changlot Real extracts showed no cytotoxicity at
concentrations up to 50 mg/mL. Treatment with 10 mg/mL of both extracts
significantly reduced NF-kB p65 and MCP-1 gene expression, as well as NF-kB
p65 phosphorylation, particularly in GD-HUVEC. VCAM-1 protein expression and
TNFa-induced monocyte adhesion were also significantly decreased following
extract treatment. Notably, Changlot Real exhibited a broader anti-inflammatory
effect across both cell types, while Picual exerted a more selective effect in
GD-HUVEC.

Discussion: These findings support the anti-inflammatory activity of olive leaf
polyphenols and highlight the potential of Changlot Real and Picual extracts in
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mitigating endothelial dysfunction associated with diabetes. By modulating the
NF-kB-VCAM-1 axis, these compounds may attenuate endothelial activation,
warranting further investigation into their possible role in the prevention or
mitigation of diabetes-related vascular complications.

endothelial inflammation, olive leaf polyphenols, diabetes mellitus, NF-xB signaling
pathway, VCAM-1 expression, monocyte adhesion

Introduction

Diabetes Mellitus is a major global health challenge primarily
characterized by chronic hyperglycemia and associated with a
significantly increased risk of cardiovascular disease (CVD).
Individuals with diabetes face a significantly higher probability of
vascular complications, categorized as either microvascular, such as
diabetic nephropathy and retinopathy, or macrovascular, including
coronary artery disease, stroke, and peripheral artery disease (1-4).

A fundamental contributing factor to these complications is
endothelial dysfunction which represents an early and critical step
in diabetes-associated vascular disease progression. The
dysregulation of endothelial function arises from an intricated
interplay of metabolic disturbances including hyperglycemia,
dyslipidemia and insulin resistance, all of which foster vascular
inflammation, oxidative stress, arterial stiffness, and impaired blood
flow regulation (5, 6).

Chronic inflammation and oxidative stress play a key role in
this pathological process by activating the transcription factor
nuclear factor kappa B (NF-xB), which in turn promotes the
expression of pro-inflammatory cytokines and adhesion
molecules, such as Vascular Cell Adhesion Molecule-1 (VCAM-
1), Intercellular Adhesion Molecule-1 (ICAM-1), E-selectin,
Interleukin-6 (IL-6), and Monocyte Chemoattractant Protein-1
(MCP-1). These mediators enhance monocyte adhesion to the
endothelium, thereby contributing to atherosclerosis development
(7, 8).

Despite significant progress in diabetes control, lifestyle
modifications, including diet and exercise, remain the first-line
interventions for type 2 diabetes (4). However, while such
interventions have proven advantages in managing blood glucose
levels, the strategies available at the moment to prevent and manage
diabetes-related vascular complications remain insufficient. This
highlights the need for additional complementary therapeutic
approaches that could help reduce the vascular burden of
diabetes. In this context, bioactive polyphenols derived from
natural sources, especially from olive tree (Olea europaea L.),
have gained substantial attention due to their potent anti-
inflammatory, antioxidant, and cardioprotective effects. Olive
tree-derived compounds have shown promise in modulating the
inflammatory and oxidative processes that drive endothelial
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dysfunction, suggesting their potential important role in diabetes
management (9-11).

The olive tree (Olea europaea L.), a cornerstone of the
Mediterranean diet, is rich in polyphenolic compounds that are
well-documented for their beneficial effects on human health (12).
While much research on olive products has focused on the health
benefits of extra virgin olive oil (EVOO), olive leaves, typically
discarded as agricultural byproducts, represent an untapped
resource of powerful bioactive compounds (13-15). Olive leaf
extract (OLE), rich in polyphenols such as oleuropein,
hydroxytyrosol, luteolin, and apigenin, has demonstrated strong
antioxidant, anti-inflammatory, cardioprotective, and
neuroprotective properties. Among these compounds, oleuropein
stands out for its ability to modulate oxidative stress, inhibit platelet
aggregation, and improve glucose homeostasis by enhancing insulin
sensitivity and glycemic control (16-20).

Preclinical studies have demonstrated that OLE
supplementation may counteract oxidative damage induced by
diabetes by ameliorating antioxidant enzyme activity and
reducing levels of inflammatory markers. In diabetic animal
models, OLE has been shown to improve glycemic control,
preserve pancreatic islet integrity, and mitigate metabolic
disturbances (11, 21-23). Furthermore, OLE’s neuroprotective
effects may help alleviate cognitive impairment associated with
diabetes reducing oxidative stress in brain tissue (24). These
findings underscore OLE potential as an adjunctive therapy in
diabetes management offering new perspectives for addressing the
disease’s systemic complications.

This study investigates the potential of olive leaf polyphenols to
mitigate endothelial inflammation associated with diabetes. It
focuses on the effects of polyphenol-rich extracts from two
Spanish olive tree monocultivars, Picual and Changlot Real, on
human umbilical vein endothelial cells (HUVEC) derived from
healthy pregnancies (C-HUVEC) and from pregnant women with
gestational diabetes (GD-HUVEC). The GD-HUVEC model,
characterized by a stable proinflammatory phenotype due to
epigenetic alterations induced by hyperglycemia during pregnancy
(25-27) offers a relevant in vitro system for studying diabetes-
related vascular dysfunction. By examining how these specific
phenolic extracts modulate endothelial activation and
inflammatory pathways, the study aims to explore their possible
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TABLE 1 Anthropometric and biochemical characteristics of control
women, women with gestational diabetes and newborns.

Pregnant women Control GD p
women (n) 4 4

age (years) 35+2 35+6 0.9
OGTT (gestational week) 26 +2 26+ 1 0.6
basal glycaemia (mmol/L) 44+04 5102 0.01
1 h glycaemia (mmol/L) 58+1 10.4 + 0.9 0.001
2 h glycaemia (mmol/L) 44+£07 9+1 0.001
height (cm) 162 £ 8 161 £ 6 0.8
pre-gestational weight (kg) 60 +7 67 + 17 0.4
post-gestational weight (kg) 71+ 8 76 + 15 0.5
gestational weight gain (kg) 11+3 9+3 0.3
pre-gestational BMI (kg/m?) 23+1 265 0.3
pozst—gestational BMI (kg/ 2742 29 5 4 04
m”)

SBP (mmHg) 112 + 13 112 +5 1
DBP (mmHg) 72412 65+ 4 0.3
GA at delivery 40 + 0.5 38+1 0.1
Newborns Control GD P
Newborns (n) 4 4

Sex (female/male) 3/1 2/2

Birth Height (cm) 51 +15 50 £ 0.5 0.2
Birth Weight (kg) 34 +04 3+£02 0.2

Data are expressed as mean + SD; GD, gestational diabetes; BMI, body mass index; OGTT,
oral glucose tolerance test; SBP, systolic blood pressure; DBP, diastolic blood pressure; GA,
gestational age.

role as natural agents that might contribute to managing vascular
complications in diabetes.

Methods
Olive leaf samples

Olive leaves samples from cultivar Changlot Real and Picual
were provided by “IFAPA, Centro Alameda del Obispo” in
Cordoba, Spain (37°51'36.5” N 4°47'53.7"W). Both samples were
grown under the same agronomic and environmental conditions in
the same olive orchards, and the leaves were collected in July.

Extraction of phenolic compounds and
their analysis by HPLC-ESI-TOF-MS

According to Talhaoui et al. (28), 0.5 g of dried leaf were
extracted with methanol/water 80/20 v/v. The extracts were
reconstituted with methanol/water 50/50 v/v and they were
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analyzed by HPLC-TOF-MS. The determination of targeted
compounds was done using an Agilent 1200 HPLC system
coupled to a QTOF Agilent 6520 B mass spectrometer using the
column and chromatographic condition reported by Talhoui
et al. (28).

Clinical characteristics of cords donors and
newborns

Umbilical cords were obtained from randomly recruited healthy
Caucasian mothers (Control, C) and women affected by Gestational
Diabetes (GD) in the third trimester of pregnancy and followed by
‘Diabetes and Pregnancy Clinic’ until delivery at the Hospital Santo
Spirito of Pescara (Italy).

GD women were treated with diet only and women with pre-
gestational diabetes were excluded. All procedures agreed with the
Declaration of Helsinki principles and with the ethical standards of
the Institutional Committee on Human Experimentation. After
approval of the protocol by the Institutional Review Board, signed
informed consent was obtained from each participating subject. The
characteristics of donors’ Control (n = 4) and GD (n = 4) women
together with the newborns are described in Table 1. Women
matched by age and body mass index (BMI) were divided into
two groups, one normoglycemic/healthy controls (basal
glycaemia < 5.1 mmol/L, oral glucose tolerance test (OGTT) 1 h
< 10 mmol/L and OGTT 2 h < 8.5 mmol/L, n = 4) and the other
diagnosed with gestational diabetes (basal glycaemia > 5.1 mmol/L,
OGTT 1 h =10 mmol/L, and OGTT 2 h = 8.5 mmol/L, GD, n = 4)
according to the criteria of the American Diabetes Association (29).

HUVEC isolation and culture

Primary human umbilical vein endothelial cells (HUVEC) were
isolated from umbilical cords of newborns delivered between the
37th and 40th gestational weeks at the hospitals of Chieti and
Pescara (Italy). Donors were randomly selected Caucasian mothers,
either diagnosed with gestational diabetes (GD) or serving as
healthy controls (C), following previously established protocols
(7, 8).

Briefly, umbilical cords were collected immediately after
delivery, and the veins were cannulated and enzymatically
digested with 1 mg/mL collagenase 1A at 37 °C. The resulting
HUVEC were isolated and cultured in a basal medium consisting of
DMEM/M199 (1:1), supplemented with 1% L-glutamine, 1%
penicillin/streptomycin, and 20% fetal bovine serum (FBS)
(ThermoFisher; Waltham, MA, USA). After centrifugation at
1,200 rpm for 10 minutes, the cell pellet was resuspended in the
same medium and plated onto 1.5% gelatin-coated culture flasks
(Sigma-Aldrich, Germany).

Phenotypic characterization of HUVEC was confirmed by
expression of endothelial markers such as von Willebrand factor,
CD31, and CD34, along with inducible expression of adhesion
molecules (ICAM-1, VCAM-1, and E-selectin) and cytokines (IL-6
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FIGURE 1

16 hours =™ VCAM-1 protein expression and monocyte adhesion assay

Experimental plan. Briefly, C- and GD-HUVEC were pre-treated with Changlot Real and Picual phenolic extracts for 24h (10 ug/mL) and then, cells
were stimulated with TNFa (10 ng/mL) at different timing (1h, 6h and 24h) according to the experiment performed.

and IL-8) upon pro-inflammatory stimulation (7, 8, 15, 30).
Functional validation showed their ability to form capillary-like
structures on Matrigel. Notably, GD-HUVEC formed less
interconnected tubes with fewer segments, meshes, junctions, and
nodes compared to controls, confirming impaired angiogenic
capacity (30, 31).

Furthermore, GD-HUVEC showed a stable pro-inflammatory
phenotype caused by epigenetic modifications acquired during in
vivo hyperglycemia exposure (26). Accordingly, in this study GD-
HUVEC demonstrated a significant upregulation of NF-kB p65
gene expression and VCAM-1 protein expression compared to
control cells (Supplementary Figure 1). Cells used for experiments
were cultured between passages 3 and 5, with passage 5 never
exceeded. For assays, HUVEC were maintained on 1.5% gelatin-
coated plates in complete endothelial growth medium composed of
low-glucose (1 g/L) DMEM and M199 (1:1), supplemented with 10
mg/mL heparin, 50 mg/mL endothelial cell growth factor (ECGF),
20% FBS, 1% penicillin/streptomycin, and 1% L-glutamine (all from
Sigma-Aldrich, Germany).

All experiments were performed in technical triplicates using
HUVECs from at least three independent donors per group (control
and GD, n = 3). TNFo. exposure times were chosen to reflect the
temporal dynamics of the NF-kB cascade: 1h to capture rapid p65
phosphorylation, 6h to monitor transcriptional activation, and 16h
to assess late functional effects such as VCAM-1 surface expression
and leukocyte adhesion (8, 26, 32) (Figure 1).

MTT assay

Experiments were conducted on HUVEC isolated from control
women and those diagnosed with gestational diabetes, following a
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previously established protocol (26). To determine the effect of
polyphenol extract Picual and Changlot Real on C- and GD-
HUVEC viability, the 3-(4,5-dimethylthiazolyl-2)-2, 5-
diphenyltetrazolium bromide (MTT) assay (cat # M2128, Sigma-
Aldrich, Germany) was carried out. HUVEC were seeded in 96-well
plates at a density of 5.600 cells/cm?. After 24 hours treatment with
increasing concentration of extracts (0.1-100 pg/mL), cells were
incubated for 3 hours at 37 °C with 5 mg/mL of MTT dissolved in
PBS. Thereafter, MTT crystals were dissolved by DMSO addition
(200 pL per well) and gentle shaking for 30 minutes. Finally, the
absorbance of each sample was recorded at 540 nm using a
microplate spectrophotometer system (Multimode Microplate
Reader, BioTek Synergy H1, Agilent).

RNA extraction and real-time quantitative
PCR

The total RNA was isolated and extracted from HUVEC, treated
with Picual and Changlot Real polyphenol extracts 10pg/mL, using the
TRIzol reagent (Sigma-Aldrich, Germany) protocol. Quantification of
recovered RNA was assessed using NanoDrop 2000 spectrophotometer
(Thermo Scientific; Waltham, MA, USA). The High-Capacity cDNA
Reverse Transcription Kit was employed to synthesize cDNA. The
TagMan Universal Master Mix I and TagMan Gene Expression Assay
probes for human NF-xB p65 (Hs01042014_m1), MCP-1
(Hs00234140_m1) and RPLPO (Hs00420895_gH) were used
according to the manufacturer’s instructions. All samples were
analyzed in technical duplicate. The relative expression of the target
genes was calculated using the 24" method using RPLPO as
housekeeping (Applied Biosystems QuantStudio 7 Pro Real-Time
PCR System, Thermo Fisher Scientific).
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Immunofluorescence analysis

HUVEC were fixed with 3% formaldehyde for 20 min at RT.
Formaldehyde was then removed and cells were washed with PBS
for 5 min twice, and permeabilized with 0.1% Triton X-100 (Sigma-
Aldrich, Germany) in PBS for 10 min. Cells were blocked with 1%
bovine serum (cat # A4503, Sigma-Aldrich, Germany) in PBS for
1 h at RT. Subsequently, cells were incubated 1 hour with primary
antibody NF-xB p65 (cat # C22B4, Cell Signaling Technology,
1:50). After washing with PBS, cells were incubated with Alexa
Fluor 488-conjugated secondary antibody (cat #A-11034, Thermo
Fisher Scientific, 1:50) and Phalloidin (cat #A12379, Thermo Fisher
Scientific, Karlsruhe, Germany) at RT for 1 h. Nuclei were stained
DAPI mounting medium (4'6’-diamidino-2-phenylindole; Thermo
Fisher Scientific, Karlsruhe, Germany). Finally, cells were washed
with PBS and mounted with Fluorescence Mounting Medium (cat #
$3023, Agilent Dako, USA). For the acquisition of the
immunofluorescence signals, slides were observed under a
confocal microscope (Zeiss LSM-800; Carl Zeiss Meditec AG,
Oberkochen, Germany).

Flow cytometry analysis

Flow cytometry analysis was performed using BD FACS Canto
IT flow cytometer. Specifically, 1x10* events for each sample were
analyzed using FACSDiva v 6.1.3, IDEAS software (BD
Biosciences). Cells were pretreated with polyphenolic extracts for
24 hours and, subsequently, incubated with or without TNFo (10
ng/mL) for 16 hours to assess VCAM-1 protein expression, and for
1 hour to evaluate NF-xB p65 and its phosphorylated form
phospho-NF-kB p65 S536. To determine protein expression, cells
were permeabilized using the Intrasure kit (cat # 641778, BD
Biosciences, Sweden), processed, and incubated with primary
antibodies: anti-VCAM-1 PE conjugate (cat # 12-1069-42,
Invitrogen, 1:100), anti-NF-xB p65 (cat # C22B4, Cell Signaling
Technology, 1:100), and anti-phospho-NF-kB p65 S536 (cat #3033,
Cell Signaling Technology, 1:750) for 30 minutes at 4 °C. A
subsequent incubation with Alexa Fluor 488-conjugated
secondary antibody (cat #A-11034, Thermo Fisher Scientific,
1:100) was performed for 30 minutes at 4 °C to assess NF-kB p65
and phospho-NF-«B p65 expression. All results are expressed as the
Mean Fluorescence Intensity (M.F.I.) Ratio, calculated by dividing
the M.E.I. of positive events by the M.F.I. of negative events (M.F.I.
of the secondary antibody).

Monocyte adhesion assay

Control- and GD-HUVEC were pretreated for 24 hours with
polyphenol extracts Picual and Changlot Real at 10 pg/mL
concentration in six-well tissue culture plates, starved for 2 hours
with 0.1% FBS, and treated with or without TNFow (10ng/mL for
16 h) as inflammatory stimulus. Briefly, 1x10° U937 cells [European
Collection of Authenticated Cell Cultures (ECACC)], grown in
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RPMI 1640, were co-cultured with HUVEC under rotating
conditions at RT. After 20 min, non-adhering cells were removed
with PBS, and monolayers were fixed with 1% paraformaldehyde.
Images were obtained from high power fields taken at half-radius
distance from the center of the wells using an inverted optical
microscope PAULA cell imager (Leica, Wetzlar, Germany). The
number of adherent cells in four individual experiments was
determined with Image]J software.

Statistical analysis

All experimental data are expressed as mean + Standard Deviation
(SD). Each experiment was conducted in technical triplicates using at
least 3 independent donors of C- and GD-HUVEC. The normal
distribution of quantitative data was assessed by the Shapiro-Wilk
test. One-way ANOVA test followed by Tukey’s test was used for
multiple comparisons. Probability values were calculated considering a
95% compatibility interval. All analyses were performed with
GraphPad Prism (version 9, GraphPad Software).

Results

Determination of phenolic compounds in
olive leaf extracts

Phenolic content of the two studied samples is reported in
Table 2. A total of 36 phenolic compounds from secoiridoids,
flavonoids, simple phenols, oleosides and elenolic acids were
identified and quantified by HPLC-ESI-TOF-MS in both olive leaf
extracts. Changlot Real showed higher content of phenolic compounds
than Picual. As expected, secoiridoids was the main phenolic class in
both cultivar (65.7-79.5%), being oleuropein the first compounds
accounting from more than 53.5% of the phenolic content.
Flavonoids ranged from 6 to 12% of total phenolic compounds in
Changlot Real and Picual, respectively. Simple phenols (tyrosol and
hydroxytyrosol derivatives) represented less than 1.6% in both
cultivars. Oleosides were from 10 to 15% and, finally, elenolic acids
ranged from 3.5 to 6% of total phenolic compounds. These data are
consistent with the previous ones of Talhoui et al. (28).

Effects of phenolic extracts Picual and
Changlot Real on cell viability

To assess the possible cytotoxicity, polyphenol extracts derived
from both Picual and Changlot Real olive leaves, two monocultivars
widely spread throughout the Mediterranean basin, were tested using
the MTT assay on both GD-HUVEC and C-HUVEC (Figures 2A, B).
Cells were treated for 24 hours with four different concentrations of
extracts (0.1, 1, 10, and 100 pug/mL) prepared in DMSO and added to
the culture medium at a final DMSO concentration of 0.05%. Vehicle-
matched controls were included in all experiments. The results showed
no significant changes in cell viability at any concentration, indicating
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TABLE 2 Phenolic compounds in Changlot Real and Picual extracts quantified by HPLC-ESI-TOF-MS presented as percentage (%) and as
concentration (mg/g).

Changlot Real (%) Changlot Real ( Picual (%) Picual (mg/qg)

1 Hydroxytyrosol-hexose isomer a 0,01 0.001 # 0.0002 0,01 0.001 # 0.0001
2 Oleoside 1,16 0.17 £ 0.2 0,82 0.07 £ 0.1
3 Hydroxytyrosol-hexose isomer b 0,66 0.10 + 0.1 1,03 0.09 + 0.05
4 Hydroxytyrosol 0,11 0.02 + 0.001 0,36 0.03 £ 0.001
5 Secologanoside isomer a 7,96 1.17 £ 0.2 7,55 0.66 + 0.1
6 Tyrosol glucoside 0,35 0.05 + 0.002 0,07 0.01 + 0.002
7 Caffeoyl glucoside 0,26 0.04 + 0.003 0,06 0.01 + 0.001
8 Tyrosol 0,04 0.01 + 0.001 0,06 0.01 + 0.001
9 Elenolic acid glucoside isomer a 0,10 0.01 + 0.001 0,22 0.02 + 0.001
10 Secologanoside isomer b 1,16 0.17 + 0.1 6,93 0.60 + 0.005
11 Elenolic acid glucoside isomer b 1,31 0.19 £ 0.2 2,59 0.23 + 0.1
12 Oleuropein aglycon 2,55 0.37 £ 0.1 4,00 0.35 +0.2
13 Elenolic acid glucoside isomer ¢ 1,96 029 +0.2 2,82 025+ 0.1
14 Luteolin diglucoside 0,05 0.01 + 0.002 0,16 0.01 + 0.002
15 Elenolic acid glucoside isomer d 0,15 0.02 + 0.001 0,38 0.03 + 0.001
16 Demethyloleuropein 0,37 0.05 + 0.002 1,66 0.14 + 0.1
17 Hydroxyoleuropein isomer a 0,36 0.05 + 0.002 1,08 0.09 + 0.001
18 Rutin 0,43 0.06 + 0.002 0,58 0.05 + 0.002
19 Luteolin rutinoside 0,05 0.01 + 0.001 0,18 0.02 + 0.001
20 Luteolin glucoside isomer a 2,84 042 +0.2 4,90 043 +0.1
21 Verbascoside 0,04 0.01 + 0.001 0,03 0.003 + 0.001
22 Hydroxyoleuropein isomer b 0,27 0.04 + 0.001 0,27 0.02 + 0.001
23 Apigenin rutinoside 0,08 0.01 £ 0.001 0,13 0.01 £ 0.001
24 Oleuropein diglucoside isomer a 0,07 0.01 + 0.001 0,10 0.01 +0.001
25 Apigenin-7-glucoside 0,59 0.09 + 0.002 0,40 0.03 + 0.001
26 Oleuropein diglucoside isomer b 0,07 0.01 + 0.001 0,12 0.01 + 0.001
27 Luteolin glucoside isomer b 1,34 0.20 + 0.01 3,17 0.28 + 0.02
28 Oleuropein diglucoside isomer ¢ 0,29 0.04 + 0.003 0,17 0.01 + 0.001
29 Chrysoeriol-7-O-glucoside 0,45 0.07 + 0.002 1,00 0.09 + 0.003
30 Luteolin glucoside isomer ¢ 0,24 0.04 + 0.001 0,90 0.08 + 0.001
31 Oleuropein isomer a 67,35 9.90 £ 0.13 52,55 457 £0.19
32 Oleuropein isomer b 1,63 0.24 £ 0.03 1,10 0.10 £ 0.01
33 Oleuropein/Oleuroside2 4,29 0.63 + 0.04 2,76 0.24 + 0.01
34 Ligstroside aglycone 0,29 0.04 + 0.003 1,21 0.11 + 0.01
35 Ligstroside 1,96 0.29 £ 0.03 0,66 0.06 + 0.003
36 Luteolin 0,02 0.003 + 0.001 0,16 0.01 £ 0.001
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Changlot Real and Picual phenolic extracts treatment do not alter cell viability. Cell viability of C- (A) and GD-HUVEC (B) after 24 hours treatment
with Changlot Real and Picual phenolic extracts at different concentrations (0.1-100 pug/mL) analyzed by MTT assay. Data are expressed as mean

+SD (n=3).

that both extracts are well tolerated and non-cytotoxic under the
tested conditions.

Effects of phenolic extracts Picual and
Changlot Real on NF-xB p65 and MCP-1
mMRNA Level

To evaluate and compare the possible anti-inflammatory effect
of Picual and Changlot Real polyphenol extracts, the expression
levels of the proinflammatory genes NF-xB p65 and MCP-1 were
detected in HUVEC under different conditions (Figure 3). As
expected, NF-kB p65 and MCP-1 basal expression was slightly
higher in GD-HUVEC compared to controls. Following the
selection of the optimal concentration by using a vehicle-matched
controls (Supplementary Figure 2), cells were pre-treated with
Picual and Changlot Real polyphenol extracts at 10 pg/mL. The
results showed that both extracts led to a reduction in NF-xB p65
and MCP-1 gene expression, with a more pronounced effect in GD-
HUVEC. In GD-HUVEC, a decrease, though not statistically
significant, was also observed in the absence of a pro-
inflammatory stimulus. (Figures 3B-D). Stimulation with TNFo
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(10 ng/mL) for 6 hours significantly upregulated NF-xB p65 and
MCP-1 in both C-HUVEC and GD-HUVEC, indicating a robust
inflammatory response. However, treatment with Changlot Real
polyphenol extract effectively counteracted this effect, significantly
reducing the expression of both genes in both cell types
(Figures 3A-D). Similarly, Picual treatment also downregulated
NF-kB p65 and MCP-1 expression; however, its effect was more
pronounced and reached statistical significance in GD-HUVEC
(Figures 3B, D). These findings indicate that both phenolic extracts
may exert anti-inflammatory effects, with Changlot Real showing a
broader impact across the tested cell conditions, whereas Picual
appeared to have a marked effect primarily in GD-HUVEC.

Effects of phenolic extracts Picual and
Changlot Real on NF-xB p65
phosphorylation

To further investigate the anti-inflammatory role of Picual and
Changlot Real phenolic extracts, NF-kB p65 phosphorylation on
Ser536 was evaluated in C- and GD-HUVEC (Figure 4). Under
basal conditions, NF-kB p65 phosphorylation appeared modestly
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Changlot Real and Picual phenolic extracts treatment reduce NF-kB p65 and MCP-1 gene expression, with a more pronounced effect in GD-
HUVEC. Relative mRNA expression of the inflammatory markers NF-xB p65 (A, B) and MCP-1 (C, D) in C- and GD-HUVEC following 24-hour
treatment with Changlot Real and Picual phenolic extracts (10 ug/mL), with or without a 6-hour stimulation with TNFa (10 ng/mL) analyzed by RT-
PCR. Data are expressed as mean + SD (n = 3). Asterisks point out statistically significant differences between the selected conditions (*p<0.05;

**p<0.01; ***p<0.001)

elevated in GD-HUVEC relative to control cells, though this
difference was not statistically significant. Upon TNFo
stimulation, a significant increase in NF-xB p65 phosphorylation
was detected in both cell types. Pre-treatment with the Picual
phenolic extract led to a marked reduction trend in NF-xB p65
phosphorylation in TNFa-stimulated C-HUVEC and GD-HUVEC.
Similarly, pre-treatment with the Changlot Real polyphenol extract
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effectively counteracted TNFo-induced NF-xkB p65
phosphorylation in both cell types, with a more pronounced and
statistically significant effect in GD-HUVEC (Figures 4A, B). These
findings align with NF-xB p65 nuclear translocation (Figure 4C)
and previous data, suggesting that the anti-inflammatory effect of
both phenolic extracts may be mediated through NF-xB
pathway downregulation.
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ng/mL). Histograms data are presented as mean + SD (n = 3). Asterisks point out statistically significant differences between the selected conditions

(*p<0.05). Scale bar 20 ym

Effects of phenolic extracts Picual and
Changlot Real on VCAM-1 protein
expression

To further study the NF-xB p65 mediated pathway, VCAM-1
protein expression, a main downstream molecule that strongly
modulates endothelial inflammation, was investigated in C- and
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GD-HUVEC treated with Picual and Changlot Real phenolic
extracts with or without TNFo stimulation (Figure 5). GD-
HUVEC exhibited a significantly increased basal VCAM-1
protein expression compared to control cells confirming their
pro-inflammatory phenotype. Interestingly, treatment with Picual
and Changlot Real extracts resulted in reduced VCAM-1 expression
in GD-HUVEC; however, this reduction did not reach statistical
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Changlot Real and Picual phenolic extracts treatment decreases VCAM-1 protein expression in TNFo.-stimulated HUVEC. VCAM-1 protein expression
in C- (A) and GD-HUVEC (B) following 24-hour treatment with Changlot Real and Picual phenolic extracts (10 ug/mL) with or without a 16-hour
stimulation with TNFa (10ng/mL) analyzed by flow cytometry. Results are presented as mean + SD (n=4). Asterisks point out statistically significant
differences between the selected conditions (*p<0.05;**p<0.01;***p<0.001).

significance. As expected, TNFo stimulation significantly increased
VCAM-1 expression in both cell types, with a more pronounced
effect in GD-HUVEC. Furthermore, the pre-treatment with both
Picual and Changlot Real phenolic extracts caused a significant
decrease in VCAM-1 expression induced by TNFa. in both C- and
GD-HUVEC, mostly in the latter one. These findings provide
additional evidence of the possible capacity of Picual and
Changlot Real extracts in modulating endothelial inflammation.

Effects of phenolic extracts Picual and
Changlot Real on U937 monocyte—HUVEC
interaction

To assess the in vitro potential anti-inflammatory role of the
phenolic extracts Picual and Changlot Real in a functionally
relevant context, a monocyte adhesion assay was performed. This
assay closely mimics the early stages of vascular inflammation
observed in pathological conditions such as atherosclerosis. As
shown in Figure 6, pre-treatment with the Changlot Real phenolic
extract for 24 hours significantly reduced TNFo.-stimulated
monocyte adhesion to both C-HUVEC and GD-HUVEC,
strongly supporting its anti-inflammatory effect on the
endothelium. Pre-treatment with the Picual phenolic extract for
24 hours led to a decrease in TNFo-stimulated monocyte adhesion
in C-HUVEC, although this reduction was only statistically
significant in GD-HUVEC, supporting its selective effect in the
diabetic-like endothelial model.
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Discussion

This study demonstrates the anti-inflammatory potential of
phenolic extracts derived from Picual and Changlot Real
monocultivar olive leaves, focusing on their effects on an in vitro
model of endothelial cells derived from umbilical cords of neonates
born to mothers with gestational diabetes and therefore exposed to
hyperglycemia in vivo (26). The extracts were thoroughly
characterized by HPLC-ESI-TOF-MS, revealing a rich and various
phenolic composition. In particular, Changlot Real exhibited a
higher total phenolic content than Picual, particularly in
secoiridoids, known for their strong bioactivity. These results are
consistent with previous reports, such as Talhoui and collaborators,
confirming the prevalence of oleuropein as the major
constituent (28).

The gestational diabetes-derived endothelial cell (GD-
HUVEC) model represents a valuable in vitro system for
studying the effects of chronic hyperglycemia on endothelial
function. Having developed in a hyperglycemic intrauterine
environment, these cells exhibit molecular and functional
alterations that mirror diabetes-associated vascular dysfunction,
including changes driven by epigenetic modifications (7, 26, 33).
This makes GD-HUVEC a relevant model to investigate
mechanisms underlying endothelial impairment, such as
inflammation resulting from prolonged high glucose exposure.
Consistent with our previous findings (26), we confirmed
baseline differences between GD-HUVECs and control
endothelial cells (C-HUVEC) in both NF-kB pé65
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Changlot Real and Picual phenolic extracts treatment decreases monocytes adhesion in both cell types, with a more pronounced effect on Changlot
Real pre-treated GD-HUVEC stimulated with TNFo.. HUVEC—-monocyte adhesion assay and relative quantification of adherent monocytes to C- (A)
and GD-HUVEC (B) after 24-hour treatment with Changlot Real and Picual phenolic extracts (10 ug/mL), with or without 16-hour stimulation with
TNFa (10 ng/mL). Data are expressed as mean + SD (n = 4). Asterisks point out statistically significant differences between the selected conditions
(*p<0.05; ***p<0.001). Scale bar 100 ym.

gene expression and VCAM-1 protein levels, key regulators of

endothelial inflammatory pathways.

Our data indicate that both Picual and Changlot extracts are non-
toxic to endothelial cells across a wide range of concentrations (0.1-50
pg/mL). The cell viability of both control (C-HUVEC) and gestational
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diabetes-derived endothelial cells (GD-HUVEC) remained stable upon

treatment, demonstrating that these extracts do not compromise cell

11

integrity. This finding is crucial for potential therapeutic applications,
as it confirms that the tested polyphenols can be used at these
concentrations without adverse effects on endothelial cell viability.
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At the molecular level, olive leaf extracts anti-inflammatory
effects were evidenced by a consistent downregulation of key
inflammatory markers. Specifically, pre-treatment with both
Picual and Changlot Real significantly reduced NF-xB p65 and
MCP-1 gene expression in both basal and TNFa-stimulated
conditions. Interestingly, while Changlot Real showed a broader
inhibitory effect across both control and GD-HUVEC, Picual
exerted a more pronounced action exclusively in GD-HUVEC,
which we have previously shown to exhibit an inflammatory
phenotype due to epigenetic alterations induced by the diabetic
environment (26). This suggests potential differences in the
bioactive compound profiles or bioavailability between the two
monocultivars, possibly linked to the higher phenolic content in
Changlot Real.

Interestingly, both extracts attenuated NF-xB p65 phosphorylation
at Ser536, a key activation step in the NF-xB signaling cascade,
especially under TNFo. stimulation. This inhibitory effect was more
significant in GD-HUVEC, reinforcing the notion that these cells are
particularly responsive to polyphenol treatment and that the extracts
may be especially effective in pathological conditions associated with
endothelial dysfunction.

Downstream NF-xB, VCAM-1, a critical adhesion molecule
involved in monocyte recruitment during vascular inflammation,
was also downregulated following treatment with both extracts.
Again, Changlot Real and Picual reduced VCAM-1 expression
more effectively in GD-HUVEC, even under basal conditions,
indicating a preventive anti-inflammatory effect beyond the
response to external stimuli. Similar results have been recently
reported using olive leaf extract and its phenolics, oleuropein and
hydroxytyrosol, to suppress LPS-induced VCAM-1 expression and
monocyte adhesion in human coronary and umbilical endothelial
cells (34, 35).

Functionally, this molecular modulation translated into reduced
monocyte adhesion to the endothelium, an early crucial step in
atherogenesis. Changlot Real significantly decreased TNFa-induced
monocyte adhesion in both control and GD-HUVEC, while Picual
exerted a comparable effect exclusively in GD-HUVEC.
Collectively, these results confirm the anti-inflammatory activity
of both extracts and suggest a potential disease-modifying effect
under diabetic-like conditions, characterized by sustained oxidative
stress and low-grade inflammation.

Taking together, these data indicate that Picual and Changlot
Real olive leaf extracts exert their anti-inflammatory effects via the
NF-xB pathway, reducing both transcriptional and post-
translational activation steps, and ultimately limiting monocyte
recruitment. The stronger and broader effect observed with
Changlot Real may be attributed to its higher content of phenolic
compounds, particularly secoiridoids, which are known to
modulate oxidative and inflammatory pathways. Supporting this,
studies on extra virgin olive oil and related supplements consistently
report dose-dependent reductions in inflammatory cytokines and
soluble adhesion molecules in humans, reinforcing the relevance of
our in vitro findings (36). Further corroborating these results, our
recent work demonstrated that oleanolic acid, a bioactive
triterpenoid abundant in olive leaves and oil, lowers expression of
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key inflammatory adhesion molecules (VCAMI1, ICAMI, SELE),
reduces monocyte adhesion, and restores angiogenic function and
migration in endothelial cells derived from gestational diabetic
pregnancies, highlighting its potential to counteract
hyperglycemia-induced endothelial dysfunction via epigenetic
mechanisms (15). In addition, our in vitro findings align with
previous in vivo studies demonstrating the beneficial effects of
olive leaf extract (OLE) in ameliorating systemic inflammation
and vascular dysfunction. For instance, OLE supplementation in
aged rats improved endothelial function and metabolic parameters,
including reductions in pro-inflammatory markers such as TNF-o
and IL-6, together with enhanced antioxidant gene expression,
highlighting its protective role against age-related vascular decline
(15, 37, 38). Moreover, in a model of high-fat diet-induced obesity,
OLE not only improved glycemic control and lipid profiles but also
reduced systemic and adipose tissue inflammation, restored gut
microbiota composition, and reversed endothelial dysfunction,
indicating its multifaceted therapeutic potential in
cardiometabolic diseases (15, 37, 38). These in vivo data strongly
support our current observations and further underscore the
translational relevance of OLE, particularly in pathological
settings characterized by chronic inflammation and endothelial
impairment. In addition, recognizing the importance of
pharmacokinetics, bioavailability, and safety for therapeutic
applications, previous toxicological studies have confirmed the
safety of Olea europaea leaf extracts (39). Investigations into the
bioavailability and metabolism of key polyphenols such as
oleuropein and hydroxytyrosol provide evidence of their systemic
activity in humans (40-42). Clinical trials have also reported
improved insulin sensitivity following OLE supplementation (43),
and herb-drug interaction studies suggest its safe use alongside
antihypertensive medications (44).

In summary, our pilot in vitro study indicates that Picual and
Changlot Real olive leaf polyphenols may modulate the NF-xB-
VCAM-1 axis and reduce endothelial inflammation and monocyte
adhesion. The observed stronger effect of Changlot Real suggests
that monocultivar extracts with higher phenolic content could have
potential relevance for further investigation in the prevention or
mitigation of diabetic vascular complications.

The results of this study align with previous findings and suggest
that monocultivar olive leaf polyphenols, particularly those from
Changlot Real, may offer a promising natural and non-toxic
approach to reducing endothelial inflammation, especially in the
context of diabetes-related vascular complications. Nonetheless, a
notable limitation of our work is the inability to evaluate the
potential influence of sex on offspring outcomes, since several studies
have suggested that sex differences can affect metabolic responses and
long-term health during gestational diabetes (45-47). This aspect
warrants further investigation. It should also be considered that our
evidence is currently limited to in vitro observations, and that detailed
phytochemical profiling of the individual bioactive constituents was
beyond the scope of this study. Future research will focus on
comprehensive chemical characterization and dose-response analyses
to better define the active constituents and elucidate their mechanisms
of action. Additionally, further investigations involving larger sample
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sizes, in vivo models, clinical trials, and appropriate positive
pharmacological controls will be essential to confirm these
preliminary findings and clarify the molecular pathways involved.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by COMITATO
ETICO territoriale REGIONE ABRUZZO C.Et.R.A (reference
number 123821/25). The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to
participate in this study.

Author contributions

IC: Methodology, Writing — original draft, Formal analysis,
Investigation, Data curation. NP: Writing - original draft,
Investigation, Formal analysis, Data curation, Methodology. DV: Data
curation, Formal analysis, Methodology, Writing — original draft. GF:
Data curation, Investigation, Writing - review & editing, Formal
analysis. MZ: Investigation, Writing — review & editing, Formal
analysis, Data curation. BM-G: Methodology, Data curation, Writing
— original draft, Formal analysis. AG-C: Supervision, Formal analysis,
Writing - original draft, Data curation, Investigation, Methodology. VV:
Methodology, Supervision, Data curation, Investigation, Writing -
original draft, Formal analysis. AP: Writing - review & editing,
Visualization, Validation, Investigation, Data curation. CP: Project
administration, Investigation, Validation, Writing — review & editing,
Supervision, Formal analysis, Data curation, Visualization,
Conceptualization, Writing — original draft.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. Project funded under the
National Recovery and Resilience Plan (NRRP), Mission 4 Component
2 Investment 1.3 -Call for tender No. 341 of 15 March 2022 of Italian
Ministry of University and Research funded by the European Union
-NextGenerationEU; Award Number: Project code PE00000003,
Concession Decree No. 1550 of 11 October 2022 adopted by the
Italian Ministry of University and Research, Project title “ON Foods
-Research and innovation network on food and nutrition
Sustainability, Safety and Security -Working ON Foods”. DV was
funded by the PhD program in Biomolecular and Pharmaceutical
Sciences at the University G. d’Annunzio of Chieti Pescara, Cycle

Frontiers in Endocrinology

13

10.3389/fendo.2025.1671932

XXXIX, with the support of a scholarship co-financed by the
Ministerial Decree no. 117 of 2nd March 2023, based on the NRRP
-funded by the European Union -NextGenerationEU -Mission 4
“Education and Research”, Component 2 “From Research to
Business”, Investment 3.3, and by the company Comecer S.p.A. CP
was partially supported by Italian Ministry of Health Grant “Ricerca
Finalizzata 2019” -GR-2019-12369702.This study was also funded by
project RT12018-099835-A-100 financed by MCIN/AEI/10.13039/
501100011033/FEDER “Una manera de hacer Europa”.

Acknowledgments

We thank Dr. Pamela Di Tomo, Quality Manager of UdA-
BIOBANK, for providing the biobanked HUVEC and for her
support in ensuring the quality standards of the biological
materials used in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2025.1671932/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1671932/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1671932/full#supplementary-material
https://doi.org/10.3389/fendo.2025.1671932
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Cappellacci et al.

References

1. American Diabetes Association Professional Practice, C. 10. Cardiovascular
disease and risk management: standards of care in diabetes-2025. Diabetes Care.
(2025) 48:5207-38. doi: 10.2337/dc25-S010

2. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular
disease in type 2 diabetes: a systematic literature review of scientific evidence from
across the world in 2007-2017. Cardiovasc Diabetol. (2018) 17:83. doi: 10.1186/s12933-
018-0728-6

3. Emerging Risk Factors C, Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, et al.
Diabetes mellitus, fasting blood glucose concentration, and risk of vascular disease: a
collaborative meta-analysis of 102 prospective studies. Lancet. (2010) 375:2215-22.
doi: 10.1016/S0140-6736(10)60484-9

4. Marx N, Federici M, Schutt K, Muller-Wieland D, Ajjan RA, Antunes MJ, et al.
2023 ESC Guidelines for the management of cardiovascular disease in patients with
diabetes. Eur Heart J. (2023) 44:4043-140. doi: 10.1093/eurheartj/ehad192

5. Paneni F, Beckman JA, Creager MA, Cosentino F. Diabetes and vascular disease:
pathophysiology, clinical consequences, and medical therapy: part I. Eur Heart J. (2013)
34:2436-43. doi: 10.1093/eurheartj/eht149

6. Paneni F, Costantino S, Cosentino F. Insulin resistance, diabetes, and cardiovascular
risk. Curr Atheroscler Rep. (2014) 16:419. doi: 10.1007/s11883-014-0419-z

7. Di Fulvio P, Pandolfi A, Formoso G, Di Silvestre S, Di Tomo P, Giardinelli A, et al.
Features of endothelial dysfunction in umbilical cord vessels of women with gestational
diabetes. Nutr Metab Cardiovasc Dis. (2014) 24:1337-45. doi: 10.1016/j.numecd.2014.06.005

8. Ucci M, Di Tomo P, Tritschler F, Cordone VGP, Lanuti P, Bologna G, et al. Anti-
inflammatory role of carotenoids in endothelial cells derived from umbilical cord of
women affected by gestational diabetes mellitus. Oxid Med Cell Longev. (2019)
2019:8184656. doi: 10.1155/2019/8184656

9. Esquius L, Garcia-Retortillo S, Balague N, Hristovski R, Javierre C. Physiological-
and performance-related effects of acute olive oil supplementation at moderate exercise
intensity. J Int Soc Sports Nutr. (2019) 16:12. doi: 10.1186/s12970-019-0279-6

10. Hasler CM, Brown AC, American Dietetic A. Position of the American Dietetic
Association: functional foods. ] Am Diet Assoc. (2009) 109:735-46. doi: 10.1016/
jjada.2009.02.023

11. Menezes RCR, Peres KK, Costa-Valle MT, Faccioli LS, Dallegrave E, Garavaglia
J, et al. Oral administration of oleuropein and olive leaf extract has cardioprotective
effects in rodents: A systematic review. Rev Port Cardiol. (2022) 41:167-75.
doi: 10.1016/j.repc.2021.05.011

12. Somova LI, Shode FO, Ramnanan P, Nadar A. Antihypertensive,
antiatherosclerotic and antioxidant activity of triterpenoids isolated from Olea
europaea, subspecies africana leaves. | Ethnopharmacol. (2003) 84:299-305.
doi: 10.1016/50378-8741(02)00332-X

13. Andreadou I, Sigala F, Iliodromitis EK, Papaefthimiou M, Sigalas C, Aligiannis
N, et al. Acute doxorubicin cardiotoxicity is successfully treated with the phytochemical
oleuropein through suppression of oxidative and nitrosative stress. ] Mol Cell Cardiol.
(2007) 42:549-58. doi: 10.1016/j.yjmcc.2006.11.016

14. Soni MG, Burdock GA, Christian MS, Bitler CM, Crea R. Safety assessment of
aqueous olive pulp extract as an antioxidant or antimicrobial agent in foods. Food
Chem Toxicol. (2006) 44:903-15. doi: 10.1016/j.fct.2006.01.008

15. Stelling-Ferez J, Cappellacci I, Pandolfi A, Gabaldon JA, Pipino C, Nicolas FJ.
Oleanolic acid rescues critical features of umbilical vein endothelial cells permanently
affected by hyperglycemia. Front Endocrinol (Lausanne). (2023) 14:1308606.
doi: 10.3389/fend0.2023.1308606

16. Al-Azzawie HF, Alhamdani MS. Hypoglycemic and antioxidant effect of
oleuropein in alloxan-diabetic rabbits. Life Sci. (2006) 78:1371-7. doi: 10.1016/
j1fs.2005.07.029

17. Asghari AA, Hosseini M, Bafadam S, Rakhshandeh H, Farazandeh M,
Mahmoudabady M, et al. (olive) leaf extract ameliorates learning and memory
deficits in streptozotocin-induced diabetic rats. Avicenna ] Phytomed. (2022) 12:163-74.
doi: 10.22038/AJP.2021.18989

18. Jemai H, El Feki A, Sayadi S. Antidiabetic and antioxidant effects of
hydroxytyrosol and oleuropein from olive leaves in alloxan-diabetic rats. | Agric
Food Chem. (2009) 57:8798-804. doi: 10.1021/jf901280r

19. Jemai H, Fki I, Bouaziz M, Bouallagui Z, El Feki A, Isoda H, et al. Lipid-lowering and
antioxidant effects of hydroxytyrosol and its triacetylated derivative recovered from olive tree
leaves in cholesterol-fed rats. J Agric Food Chem. (2008) 56:2630-6. doi: 10.1021/jf072589s

20. Manna C, Migliardi V, Golino P, Scognamiglio A, Galletti P, Chiariello M, et al.
Oleuropein prevents oxidative myocardial injury induced by ischemia and reperfusion.
J Nutr Biochem. (2004) 15:461-6. doi: 10.1016/j.jnutbio.2003.12.010

21. Lins PG, Marina Piccoli Pugine S, Scatolini AM, de Melo MP. In vitro
antioxidant activity of olive leaf extract (Olea europaea L.) and its protective effect
on oxidative damage in human erythrocytes. Heliyon. (2018) 4:e00805. doi: 10.1016/
j-heliyon.2018.e00805

22. Romani A, Ieri F, Urciuoli S, Noce A, Marrone G, Nediani C, et al. Health effects
of phenolic compounds found in extra-virgin olive oil, by-products, and leaf of olea
europaea L. Nutrients. (2019) 11:153. doi: 10.3390/nul1081776

Frontiers in Endocrinology

14

10.3389/fendo.2025.1671932

23. Sahin S, Samli R, Tan ASB, Barba FJ, Chemat F, Cravotto G, et al. Solvent-free
microwave-assisted extraction of polyphenols from olive tree leaves: antioxidant and
antimicrobial properties. Molecules. (2017) 22:1056. doi: 10.3390/molecules22071056

24. Al-Hafidh SHA, Abdulwahid AA. Neurotoxic effects of type II-diabetes mellitus
and the possible preventive effects of olive leaves supplement in male rats. Open Vet J.
(2024) 14:2651-61. doi: 10.5455/0V].2024.v14.i10.15

25. Di Pietrantonio N, Cappellacci I, Mandatori D, Baldassarre MPA, Pandolfi A,
Pipino C. Role of epigenetics and metabolomics in predicting endothelial dysfunction
in type 2 diabetes. Adv Biol (Weinh). (2023) 7:€2300172. doi: 10.1002/adbi.202300172

26. Di Pietrantonio N, Sanchez-Ceinos J, Shumliakivska M, Rakow A, Mandatori D,
Di Tomo P, et al. The inflammatory and oxidative phenotype of gestational diabetes is
epigenetically transmitted to the offspring: role of methyltransferase MLL1-induced
H3K4me3. Eur Heart ]. (2024) 45:5171-85. doi: 10.1093/eurheartj/ehae688

27. Schiavone V, Romasco T, Di Pietrantonio N, Garzoli S, Palmerini C, Di Tomo P,
et al. Essential oils from mediterranean plants inhibit in vitro monocyte adhesion
to endothelial cells from umbilical cords of females with gestational diabetes mellitus.
Int J Mol Sci. (2023) 24:7225. doi: 10.3390/ijms24087225

28. Talhaoui N, Gomez-Caravaca AM, Roldan C, Leon L, de la Rosa R, Fernandez-
Gutierrez A, et al. Chemometric analysis for the evaluation of phenolic patterns in
olive leaves from six cultivars at different growth stages. J Agric Food Chem. (2015)
63:1722-9. doi: 10.1021/jf5058205

29. American Diabetes Association Professional Practice, C. 2. Classification and
diagnosis of diabetes: standards of medical care in diabetes-2022. Diabetes Care. (2022)
45:517-38. doi: 10.2337/dc22-S002

30. Pipino C, Bernabe-Garcia A, Cappellacci I, Stelling-Ferez J, Di Tomo P, Santalucia M,
et al. Effect of the human amniotic membrane on the umbilical vein endothelial cells of
gestational diabetic mothers: new insight on inflammation and angiogenesis. Front Bioeng
Biotechnol. (2022) 10:854845. doi: 10.3389/fbioe.2022.854845

31. Zheng L, Li M, Li H. High glucose promotes and aggravates the senescence and
dysfunction of vascular endothelial cells in women with hyperglycemia in pregnancy.
Biomolecules. (2024) 14:329. doi: 10.3390/biom14030329

32. Kim JH, Kim S, Piao S, Kim M, Kim DW, Jeon BH, et al. Non-thermal plasma
attenuates TNF-alpha-induced endothelial inflammation via ROS modulation and NF-
kappaB inhibition. Int ] Mol Sci. (2025) 26:4449. doi: 10.3390/ijms26094449

33. Di Tomo P, Alessio N, Falone S, Pietrangelo L, Lanuti P, Cordone V, et al.
Endothelial cells from umbilical cord of women affected by gestational diabetes: A
suitable in vitro model to study mechanisms of early vascular senescence in diabetes.
FASEB J. (2021) 35:€21662. doi: 10.1096/.202002072RR

34. Burja B, Kuret T, Janko T, Topalovic D, Zivkovic L, Mrak-Poljsak K, et al. Olive
leaf extract attenuates inflammatory activation and DNA damage in human arterial
endothelial cells. Front Cardiovasc Med. (2019) 6:56. doi: 10.3389/fcvm.2019.00056

35. Silvestrini A, Giordani C, Bonacci S, Giuliani A, Ramini D, Matacchione G, et al.
Anti-inflammatory effects of olive leaf extract and its bioactive compounds oleacin and
oleuropein-aglycone on senescent endothelial and small airway epithelial cells.
Antioxidants (Basel). (2023) 12:1509. doi: 10.3390/antiox12081509

36. Tehrani SD, Ahmadi AR, Sadeghi N, Keshani M. The effects of the
mediterranean diet supplemented with olive oils on pro-inflammatory biomarkers
and soluble adhesion molecules: a systematic review and meta-analysis of randomized
controlled trials. Nutr Metab (Lond). (2025) 22:52. doi: 10.1186/s12986-025-00947-8

37. Gonzalez-Hedstrom D, Garcia-Villalon AL, Amor S, de la Fuente-Fernandez M,
Almodovar P, Prodanov M, et al. Olive leaf extract supplementation improves the
vascular and metabolic alterations associated with aging in Wistar rats. Sci Rep. (2021)
11:8188. doi: 10.1038/s41598-021-87628-7

38. Vezza T, Rodriguez-Nogales A, Algieri F, Garrido-Mesa ], Romero M,
Sanchez M, et al. The metabolic and vascular protective effects of olive (Olea
europaea L.) leaf extract in diet-induced obesity in mice are related to the
amelioration of gut microbiota dysbiosis and to its immunomodulatory properties.
Pharmacol Res. (2019) 150:104487. doi: 10.1016/j.phrs.2019.104487

39. Clewell AE, Beres E, Vertesi A, Glavits R, Hirka G, Endres JR, et al. A
comprehensive toxicological safety assessment of an extract of olea europaea L.
Leaves (Bonolive). Int J Toxicol. (2016) 35:208-21. doi: 10.1177/1091581815619764

40. Nikou T, Sakavitsi ME, Kalampokis E, Halabalaki M. Metabolism and
bioavailability of olive bioactive constituents based on in vitro, in vivo and human
studies. Nutrients. (2022) 14:2079-85. doi: 10.3390/nu14183773

41. de Bock M, Thorstensen EB, Derraik JG, Henderson HV, Hofman PL, Cutfield
WS. Human absorption and metabolism of oleuropein and hydroxytyrosol ingested as
olive (Olea europaea L.) leaf extract. Mol Nutr Food Res. (2013) 57:2079-85.
doi: 10.1002/mnfr.201200795

42. Bender C, Strassmann S, Golz C. Oral bioavailability and metabolism of
hydroxytyrosol from food supplements. Nutrients. (2023) 15:325. doi: 10.3390/nu15020325

43. de Bock M, Derraik JG, Brennan CM, Biggs JB, Morgan PE, Hodgkinson SC,
et al. Olive (Olea europaea L.) leaf polyphenols improve insulin sensitivity in middle-
aged overweight men: a randomized, placebo-controlled, crossover trial. PloS One.
(2013) 8:¢57622. doi: 10.1371/journal.pone.0057622

frontiersin.org


https://doi.org/10.2337/dc25-S010
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1093/eurheartj/ehad192
https://doi.org/10.1093/eurheartj/eht149
https://doi.org/10.1007/s11883-014-0419-z
https://doi.org/10.1016/j.numecd.2014.06.005
https://doi.org/10.1155/2019/8184656
https://doi.org/10.1186/s12970-019-0279-6
https://doi.org/10.1016/j.jada.2009.02.023
https://doi.org/10.1016/j.jada.2009.02.023
https://doi.org/10.1016/j.repc.2021.05.011
https://doi.org/10.1016/S0378-8741(02)00332-X
https://doi.org/10.1016/j.yjmcc.2006.11.016
https://doi.org/10.1016/j.fct.2006.01.008
https://doi.org/10.3389/fendo.2023.1308606
https://doi.org/10.1016/j.lfs.2005.07.029
https://doi.org/10.1016/j.lfs.2005.07.029
https://doi.org/10.22038/AJP.2021.18989
https://doi.org/10.1021/jf901280r
https://doi.org/10.1021/jf072589s
https://doi.org/10.1016/j.jnutbio.2003.12.010
https://doi.org/10.1016/j.heliyon.2018.e00805
https://doi.org/10.1016/j.heliyon.2018.e00805
https://doi.org/10.3390/nu11081776
https://doi.org/10.3390/molecules22071056
https://doi.org/10.5455/OVJ.2024.v14.i10.15
https://doi.org/10.1002/adbi.202300172
https://doi.org/10.1093/eurheartj/ehae688
https://doi.org/10.3390/ijms24087225
https://doi.org/10.1021/jf5058205
https://doi.org/10.2337/dc22-S002
https://doi.org/10.3389/fbioe.2022.854845
https://doi.org/10.3390/biom14030329
https://doi.org/10.3390/ijms26094449
https://doi.org/10.1096/fj.202002072RR
https://doi.org/10.3389/fcvm.2019.00056
https://doi.org/10.3390/antiox12081509
https://doi.org/10.1186/s12986-025-00947-8
https://doi.org/10.1038/s41598-021-87628-7
https://doi.org/10.1016/j.phrs.2019.104487
https://doi.org/10.1177/1091581815619764
https://doi.org/10.3390/nu14183773
https://doi.org/10.1002/mnfr.201200795
https://doi.org/10.3390/nu15020325
https://doi.org/10.1371/journal.pone.0057622
https://doi.org/10.3389/fendo.2025.1671932
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Cappellacci et al.

44. Mmopele K, Combrinck S, Hamman ], Willers C, Chen W, Viljoen A. Potential herb-
drug pharmacokinetic interactions between african wild olive leaf extract and selected
antihypertensive drugs. Planta Med. (2018) 84:886-94. doi: 10.1055/a-0583-0543

45. Retnakaran R, Shah BR. Fetal sex and the natural history of maternal risk of
diabetes during and after pregnancy. J Clin Endocrinol Metab. (2015) 100:2574-80.
doi: 10.1210/jc.2015-1763

Frontiers in Endocrinology

15

10.3389/fendo.2025.1671932

46. Retnakaran R, Shah BR. Sex of the baby and future maternal risk of Type 2
diabetes in women who had gestational diabetes. Diabetes Med. (2016) 33:956-60.
doi: 10.1111/dme.12989

47. Zhang S, Wang J, Xu F, Yang ], Qin Y, Leng J, et al. Sex-specific mediating effect
of gestational weight gain between pre-pregnancy body mass index and gestational
diabetes mellitus. Nutr Diabetes. (2022) 12:25. doi: 10.1038/s41387-022-00203-5

frontiersin.org


https://doi.org/10.1055/a-0583-0543
https://doi.org/10.1210/jc.2015-1763
https://doi.org/10.1111/dme.12989
https://doi.org/10.1038/s41387-022-00203-5
https://doi.org/10.3389/fendo.2025.1671932
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Unveiling the anti-inflammatory potential of olive leaf phenolic extracts in diabetes-related endothelial dysfunction
	Introduction
	Methods
	Olive leaf samples
	Extraction of phenolic compounds and their analysis by HPLC-ESI-TOF-MS
	Clinical characteristics of cords donors and newborns
	HUVEC isolation and culture
	MTT assay
	RNA extraction and real-time quantitative PCR
	Immunofluorescence analysis
	Flow cytometry analysis
	Monocyte adhesion assay
	Statistical analysis

	Results
	Determination of phenolic compounds in olive leaf extracts
	Effects of phenolic extracts Picual and Changlot Real on cell viability
	Effects of phenolic extracts Picual and Changlot Real on NF-κB p65 and MCP-1 mRNA Level
	Effects of phenolic extracts Picual and Changlot Real on NF-κB p65 phosphorylation
	Effects of phenolic extracts Picual and Changlot Real on VCAM-1 protein expression
	Effects of phenolic extracts Picual and Changlot Real on U937 monocyte–HUVEC interaction

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


