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Abstract: Background: Grape pomace (GP), a by-product of winemaking, is a rich source
of bioactive polyphenols known for their antioxidant and anti-inflammatory properties.
While the cardiovascular benefits of red grape pomace have received significant scientific
attention, the therapeutic potential of white grape pomace remains largely unexplored,
particularly in glucocorticoid-induced hypertension. Given the rising prevalence of hy-
pertension and the oxidative-inflammatory mechanisms underlying its progression, this
study investigates the effects of white GP on blood pressure regulation, oxidative stress,
and pro-inflammatory cytokine expression in an experimental model of dexamethasone
(DEXA)-induced hypertension (HTN). By focusing on white GP, this research addresses
a significant gap in current knowledge and proposes a novel, sustainable approach to
managing hypertension through valorising winemaking by-products. Methods: The first
concentration used, GP1, was 795 mg polyphenols/kg bw, while the second concentration,
GP2, was 397.5 mg polyphenols/kg bw. Results: White GP polyphenols extract in the
DEXA_GP1 group had reduced systolic and diastolic blood pressure. The extract with
a higher content of polyphenols (GP1) prevented the elevation of serum levels of total
oxidative stress (TOS), malondialdehyde (MDA), and oxidative stress index (OSI), while the
extract with a lower content of polyphenols (GP2) slightly reduced serum levels of MDA.
Both concentrations of GP increased serum levels of NO and Total Thiols, significantly
higher (p < 0.05) than in the group treated with lisinopril. The serum levels of tumour
necrosis factor-alpha (TNF-α) increased in all groups where HTN was induced. Both doses
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of GP extract prevented the elevation of TNF-α. Heart tissue levels of the studied cytokines
(TNF-α, interleukin (IL)-1β, and IL-6 were not influenced (p > 0.05) by either the HTN
induction or the treatment administered. Conclusions: These findings suggest that grape
pomace may serve as a promising nutraceutical intervention for hypertension management,
particularly in conditions associated with oxidative stress.

Keywords: white grape pomace; antioxidant; antioxidant; dexamethasone-induced
hypertension

1. Introduction
Hypertension represents a key risk factor for ischemic heart disease, stroke, dementia,

and chronic kidney disease. Globally, high blood pressure remains one of the most pre-
ventable causes of cardiovascular mortality and disease burden [1]. It is frequently linked
to elevated oxidative stress and persistent inflammation, which contribute to vascular
dysfunction and damage to target organs [2].

Dexamethasone (DEX), a synthetic glucocorticoid, is widely utilised in clinical practice
to manage various medical conditions. It serves as a glucocorticoid hormone replacement
in adrenal insufficiency, is combined with other chemotherapeutic agents for multiple
myeloma treatment, reduces cerebral oedema caused by intracranial tumours, and acts as
an anti-emetic for cancer patients [3–6]. However, chronic administration of DEX at high
doses, which are not physiological, can lead to the development of hypertension [7].

Experimental models, such as dexamethasone-induced hypertension, mimic this
pathophysiological interplay, providing insights into the mechanisms of hypertensive
disease and potential therapeutic interventions [7].

The beneficial effects of natural dietary compounds have gained growing interest [8–10].
Many nutritional antioxidants are abundantly found in vegetables, seeds, and fruits [11].
Furthermore, utilising these antioxidants as a therapeutic approach is a well-established
practice in both traditional and alternative medicine [12].

White grape pomace (GP), a by-product of winemaking, which is the solid remains
of grapes after pressing for juice or wine, is rich in bioactive compounds, such as phe-
nolic acids, flavonoids, and flavonols, which are known for their potent antioxidant
and anti-inflammatory properties [13,14]. These compounds neutralise reactive oxygen
species (ROS), enhance endogenous antioxidant systems, and modulate inflammatory
pathways [15–17]. In the context of hypertension, GP has shown promise in mitigating
oxidative stress and inflammation, thereby preserving vascular integrity and normalising
blood pressure [18–21].

Most of the studies focus on evaluating the beneficial effects of grape seed extract [22].
Grape seed extract was proven to significantly lower systolic blood pressure and improve
endothelial function in hypertensive rats by enhancing nitric oxide (NO) bioavailability [23].
Moreover, grape pomace from wine industrial waste was observed to produce relaxation
of aortic rings, indicating that it might have vasodilatory effects mediated through the
activation of endothelial nitric oxide synthase (eNOS) [24].

White grape pomace extract was shown to mitigate oxidative damage, suggesting
its utility in reducing myocardial injury associated with ischemic events [11]. The antioxi-
dant effect was attributed to the abundance of flavonoids, resveratrol, and tannins in the
grape pomace, which neutralise free radicals, making it a valuable food supplement for
supporting cardiovascular health [14].
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Polyphenols from red grape products have been shown to modulate inflammatory
pathways by downregulating pro-inflammatory cytokines, such as tumour necrosis factor
(TNF)-α, interleukin (IL)-1β, IL-6 and IL-8, as a result of the inactivation of the nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-κB) [25]. An experimental study
showed that red grape pomace could suppress the expression of inducible nitric oxide
synthase (iNOS) and cyclooxygenase-2 (COX-2), highlighting its role in the suppression of
inflammation via the NF-κB pathway [26].

As most of the studies are focused on exploring the cardiovascular benefits of red
GP, the therapeutic potential of white GP remains largely unexplored, particularly in the
context of glucocorticoid-induced hypertension.

Given the rising prevalence of hypertension and the oxidative-inflammatory mecha-
nisms underlying its progression, this study investigates the effects of white GP on blood
pressure regulation, oxidative stress, and pro-inflammatory cytokine expression in an
experimental model of dexamethasone-induced hypertension. By assessing oxidative stress
markers, inflammatory cytokines, and vascular function, the research seeks to elucidate the
mechanisms through which GP may counteract the deleterious effects of dexamethasone
and contribute to hypertension management.

2. Materials and Methods
2.1. Ethics Statement

All experiments were conducted in accordance with the Declaration of Helsinki for
Animal Studies. The protocol received approval from the Ethics Committee of the “Iuliu
Hat, ieganu” University of Medicine and Pharmacy, Cluj-Napoca as well as from the Veteri-
nary Sanitary and Food Safety Directorate, Cluj-Napoca (Approval No. 255/13.05.2021).
The study complied with both national and international guidelines for the care and use of
laboratory animals.

2.2. Chemicals and Reagents

Dexamethasone Sodium Phosphate (DXA) (Dexamethasone Phosphate Krka 4 mg/mL,
Krka d.d. Novo Mesto, Novo Mesto, Slovenia), a standard chemical compound, was
purchased from a public pharmacy.

2.3. Plant Material

The characterisation of white GP polyphenolic extract was previously detailed [11].
The same extract was used in this experiment. SCDVV Blaj winery (Blaj, Târnave Wine
Center, Romania) supplied the white GP that contained the seeds, skins, and stems of
Vitis vinifera L. white grapes. The cultivars included in the white GP mix were Traminer
roz, Sauvignon blanc, Neuburger, Riesling Italian, Fetească regală, Iohaniter, and Muscat
ottonel. The grape cultivars were harvested from 12 to 18 September 2019 [11]. The grapes
were pressed to yield the white GP, which was then allowed to dry at room temperature.
Following drying, the white GP was frozen at −80 ◦C until it was extracted.

2.4. Grape Pomace Polyphenols Extraction and Characterisation

To obtain a rich polyphenol content mixture, equal quantities of 30 g of each white
GP cultivar were ground to a fine powder. The powder mix was extracted in 40% ethanol
as detailed in the previous work [11]. The ethanolic extract was characterised for its total
polyphenol content and phenolic fingerprints. Total polyphenolic content was determined
using the Folin–Ciocalteu method [27]. Phenolic compounds fingerprint and composition
were determined using Liquid Chromatography-Diode Array Detection–Electro-Spray
Ionisation Mass Spectrometry (HPLC-DAD-ESI MS) following the method of Pop et al. [11].
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The analysis was conducted using an Agilent 1200 HPLC system coupled with a diode
array detector (DAD) and an Agilent 6110 single quadrupole mass spectrometer (Agi-
lent Technologies, Santa Clara, CA, USA). Chromatographic separation was performed
at room temperature on an Eclipse XDB C18 column (4.6 × 150 mm, 5 µm particle size)
using a binary mobile phase: (A) 0.1% acetic acid/acetonitrile (99:1) in distilled water and
(B) 0.1% acetic acid in acetonitrile. The gradient elution profile was as follows: 95% A
(0–2 min), linearly reduced to 60% A (2–18 min), then to 10% A (18–20 min), followed by
re-equilibration to 95% A (20–26 min). The flow rate was set at 0.5 mL/min, with detec-
tion wavelengths at 280 nm and 340 nm. Mass spectrometry was carried out in positive
electrospray ionisation (ESI) mode under the following conditions: source temperature
350 ◦C, nitrogen flow 8 L/min, and capillary voltage 3000 V. Mass spectra were acquired
over an m/z range of 100–1000. Data acquisition and analysis were performed using
Agilent ChemStation Software (Rev B.04.02 SP1). Compound identification was based on
UV spectra, retention times, mass spectra, and literature comparison [11]. Quantification
was performed using external calibration curves. Standard solutions of gallic acid, catechin,
and rutin were injected in quintuplicate to establish calibration curves for hydroxyben-
zoic acids (gallic acid equivalent, R2 = 0.9978, LOD = 0.35 µg/mL, LOQ = 1.05 µg/mL),
flavanols (catechin equivalent, R2 = 0.9985, LOD = 0.18 µg/mL, LOQ = 0.55 µg/mL), and
flavonols (rutin equivalent, R2 = 0.9981, LOD = 0.21 µg/mL, LOQ = 0.64 µg/mL). Thus,
the total polyphenol content of the white GP extract rich in polyphenols GP mix extract
was 194.18 ± 0.81 mg gallic acid equivalents (GAE)/1 g d.w. of plant material [11]. A
high-performance liquid chromatography (HPLC) analysis was previously performed,
and 19 phenolic compounds were detected. The extract was predominantly composed
of flavanols (66.5% of the total phenolics), followed by flavonols (8.4%) and hydroxyben-
zoic compounds (7.2%). Additionally, tannins were found in significant concentrations,
accounting for 17.7% of the total phenolics. Among the identified compounds, catechin,
epicatechin, and procyanidin dimer IV were the most abundant, collectively representing
44.6% of the total phenolics [11].

2.5. Animal Grouping and Hypertension Induction

Fifty male Wistar-Bratislava rats (200–250 g) obtained from the Center for Experimental
Medicine and Practical Skills of Iuliu Hatieganu University of Medicine and Pharmacy
were included in the present study. Rats were maintained in polypropylene cages under
standard temperature conditions (22 ± 2 ◦C), light (12 h light/dark cycles), and humidity.
They had unrestricted access to standard food, pellets, and water.

Hypertension (HTN) was induced in groups 2–5 via daily subcutaneous injections
of dexamethasone (DEXA) (30 µg/kg body weight (bw). Dexamethasone was already
observed to induce HTN in rats at the dose of 30 µg/kg bw [28] or even 20 µg/kg bw [29].
Saline solution (0.5 mL/100 g bw), white GP polyphenols extract (GP), and lisinopril
(LIS) were administered orally, by gavage, as previously reported [11]. White grape
pomace extract (GP) was administered in two concentrations. The first concentration
GP1 was 795 mg polyphenols/kg bw, while the second concentration GP2 was 397.5 mg
polyphenols/kg bw. The lisinopril (LIS) concentration was 10 mg/kg bw. All substances
were administered daily at the same time. The animals were randomly assigned to five
groups (10 rats/group), as follows:

Group 1 (CTRL_S): Control group treated with saline.
Group 2 (CTRL_DEXA): Control group of HTN treated with saline.
Group 3 (DEXA_GP1): Hypertensive group treated with GP1.
Group 4 (DEXA_GP2): Hypertensive group treated with GP2.
Group 5 (DEXA-LIS): Hypertensive group treated with LIS.
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All treatments were administered for 16 days. No rat died during follow-up, so the
analysis was conducted on all 10 rats in each experimental group.

A flowchart demonstrating the study groups and interventions is presented in Figure 1.
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2.6. Blood Pressure Measurement

Systolic and diastolic arterial blood pressures were measured in conscious, non-
anaesthetised rats, using a tail-cuff plethysmography (Biopac MP36 system, Goleta, CA,
USA). The animals were individually restrained in a clear acrylic restrainer at an ambient
temperature of 22 ± 2 ◦C for 15 min. Blood pressures were measured on days 0, 4, 8, 12,
and 16 at the same hour every time. Three readings were recorded for each measurement,
and the average value was calculated and documented for each group. Biopac Student Lab
3.7.7 software was used to perform the above-mentioned interpretations [30], as shown in
Figure 2. The mean arterial pressure (MAP) was calculated as (systolic arterial pressure + 2
× diastolic arterial pressure)/3 [31].
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2.7. Blood Sampling and Serum Analysis

On day 15, blood samples were collected from the retro-orbital plexus under light
anaesthesia (ketamine 20 mg/kg and xylazine 2 mg/kg, intraperitoneally). At the end of
the experiment, the rats were euthanised with an overdose of anaesthetics.

Serum concentrations of pro-inflammatory cytokines—tumour necrosis factor-alpha
(TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 (IL-6)—were quantified using enzyme-
linked immunosorbent assay (ELISA) kits (PeproTech EC, Ltd., London, UK), with a Stat Fax
303 Plus Microstrip Reader (Awareness Technology Inc., Palm City, FL, USA).

Plasma levels of total oxidative status (TOS), total antioxidant capacity (TAC), nitric
oxide (NO), malondialdehyde (MDA), and total thiols (THIOL) were measured using a
Jasco V-350 UV-VIS spectrophotometer (Jasco International Co., Ltd., Tokyo, Japan). TOS
and TAC were determined using fully automated methods developed by Erel, which assess
the oxidant–antioxidant balance in biological samples [32,33].

Plasma NO levels were quantified using the method described by Miranda et al.,
which involves the reduction of nitrate to nitrite by vanadium (III) followed by detection
with the Griess reaction [34]. MDA levels, indicative of lipid peroxidation, were measured
via the thiobarbituric acid reactive substances assay, as per established protocols [35].

Total thiol content was assessed using Ellman’s reagent (2,2-dithiobisnitrobenzoic
acid-DTNB), which reacts with free thiol groups [36].

The oxidative stress index (OSI) was calculated as the ratio of TOS to TAC [37].

2.8. Tissue Homogenate

Heart tissues were harvested from all experimental groups immediately post-sacrifice.
Each sample was weighed and homogenised in phosphate-buffered saline (PBS) at a 1:4
weight-to-volume ratio using an automated Witeg HG-15D homogeniser (witeg Labortech-
nik GmbH, Wertheim, Germany). The homogenates were centrifuged at 1500× g for 15 min
at 4 ◦C, and the resulting supernatants were collected and stored at −80 ◦C for subsequent
biochemical analyses.

2.9. Statistical Analysis

Statistical analysis was conducted using IBM SPSS Statistics version 29.0.0.0 (IBM
Corp., Armonk, NY, USA). The Shapiro–Wilk test assessed data distribution. Data with
normal distribution was analysed using two-way ANOVA to determine the effects of time
on the investigated parameters. Data with non-normal distribution were presented as
medians with interquartile ranges (25th–75th percentiles) and were analysed using the
Kruskal–Wallis test. Statistical significance was set at p < 0.05.

3. Results
3.1. Effects on Blood Pressure Monitoring

No differences between the groups, in systolic, diastolic, or median blood pressures,
were found at the beginning of the experiment (Supplementary Table S1).

Dexamethasone administration increased SBP, DBP, and MBP starting from day 4,
with higher values being observed at the end of the experiment, on day 16, as shown in
Supplementary Table S1 and Figure 3. The white GP polyphenols extract in DEXA_GP1
reduced SBP and DBP, while lisinopril administration offered good blood pressure control,
as shown in Figure 3 and presented in Supplementary Table S1.
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Figure 3. Two-way ANOVA estimated marginal means of SBP (A), DBP (B), and MBP (C) ac-
cording to the group over time where rats were grouped into control groups, CTRL_S—treated
with saline and CTRL_DEXA—treated with dexamethasone, and hypertension groups as follows:
DEXA_GP1—treated with white grape pomace concentration 1, DEXA_GP2—treated white grape
pomace concentration 2 and DEXA_LIS—treated with lisinopril.
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The two-way ANOVA for repeated measures was used to test the effect of time on
rats’ SBP, DBP, and MBP. The test of within-subjects effects indicated that time (p = 0.001)
and time and group (p = 0.001) significantly influenced the SBP, DBP, and MBP of rats
included in the study (Figure 3). The Bonferroni test for groups showed that rats treated
with dexamethasone had significantly higher levels of SBP, DBP, and MBP (p = 0.001)
when compared to rats included in the CTRL_S group, except for the DEXA_LIS group,
which was not statistically different when compared to the CTRL_S group, indicating
the antihypertensive effect of lisinopril. When compared to the CTRL_DEXA group,
administration of GP1 showed significantly lower values only for SBP (p = 0.001), with no
significant difference for DBP or MBP.

3.2. Effects on Oxidative Stress Parameters

The present study showed increased serum levels of TOS, MDA, and OSI in rats
with HTN, after DEXA administration, as shown in Table S2. Moreover, dexametha-
sone administration reduced serum levels of TAC, NO, and Total Thiols (Figure 4;
Supplementary Table S2).

White GP polyphenol extract with a higher content of polyphenols (GP1) prevented
the elevation of serum levels of TOS, MDA, and OSI. The same concentration increased
serum levels of TAC, NO, and Total Thiols, the results being significantly higher (p < 0.05)
than in the group treated with lisinopril (Supplementary Table S2; Figure 4).

White GP polyphenols extract with a lower content of polyphenols (GP2) slightly
reduced serum levels of MDA and slightly increased the serum levels of NO. This concen-
tration slightly increased the serum levels of NO and significantly elevated TAC and total
thiols, when compared to lisinopril (p < 0.05) (Supplementary Table S2; Figure 4).
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Figure 4. The effect of white grape pomace on serum total antioxidant activity (TAC) (A), total
oxidative stress (TOS) (B), nitric oxide (NO) (C), malondialdehyde (MDA) (D), total thiols (THIOL)
(E) and oxidative stress index (OSI) (F). Rats were grouped into control groups, CTRL_S—treated
with saline and CTRL_DEXA—treated with dexamethasone, and hypertension groups as follows:
DEXA_GP1—treated with white grape pomace concentration 1, DEXA_GP2—treated white grape
pomace concentration 2 and DEXA_LIS—treated with lisinopril, where a had p < 0.05, versus the
CTRL_SF group; b had p < 0.05, versus the CTRL_DEXA group; c had p < 0.05, versus theDEXA_GP1;
d had p < 0.05, versus the DEXA_WGP2; and e had p < 0.05, versus the DEXA_LIS, following
Kruskal–Wallis Test.

In the hypertensive group treated with LIS, the serum levels of TOS, MDA, and OSI
were significantly lower (p < 0.05) than in the control group of HTN treated with saline
(Supplementary Table S2; Figure 4). Lisinopril did not influence the levels of NO or Total
Thiols (p > 0.05).

3.3. Effects on Pro-Inflammatory Cytokines

The serum levels of TNF-α were increased in all groups where HTN was induced with
dexamethasone, the highest levels being observed in the CTRL_DEXA group (Figure 5).
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Figure 5. The effect of white grape pomace on tumour necrosis factor alpha (TNF-α) in serum
(A) and heart tissue (B). Rats were grouped into control groups, CTRL_S—treated with saline and
CTRL_DEXA—treated with dexamethasone, and hypertension groups as follows: DEXA_GP1—
treated with white grape pomace concentration 1, DEXA_GP2—treated white grape pomace concen-
tration 2 and DEXA_LIS—treated with lisinopril, where a had p < 0.05, versus the CTRL_S group
following Kruskal–Wallis Test.

Both white GP polyphenol extracts prevent the elevation of TNF-α (Figure 5). Similar
results were observed for lisinopril (Figure 5).
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The serum levels of IL-6 were not influenced (p > 0.05) by HTN induction or the
treatment administered in all groups (Figure 6). Similar results were also observed for
IL-1β in the first four groups (Figure 7).
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with dexamethasone, and hypertension groups as follows: DEXA_GP1—treated with white grape
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treated with lisinopril, where a had p < 0.05, versus the CTRL_S group and e had p < 0.05, versus the
DEXA_LIS group following Kruskal–Wallis Test.
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Figure 7. The effect of white grape pomace interleukin 1β (L-1β) in serum (A) and heart tissue (B).
Rats were grouped into control groups, CTRL_S—treated with saline and CTRL_DEXA—treated with
dexamethasone, and hypertension groups as follows: DEXA_GP1—treated with white grape pomace
concentration 1, DEXA_GP2—treated white grape pomace concentration 2 and DEXA_LIS—treated
with lisinopril, where a had p < 0.05, versus the CTRL_S group; c had p < 0.05, versus the DEXA_WGP1;
d had p < 0.05, versus the DEXA_GP2 group, following Kruskal–Wallis Test.

Heart tissue levels of IL-1β were slightly elevated after DEXA administration, although
overall, the tissue levels of the studied cytokines were not influenced (p > 0.05) by either
the HTN induction or the treatment administered (Figures 5–7).

4. Discussion
The results of the present study demonstrate that white GP polyphenols extract with

a higher content of polyphenols (795 mg polyphenols from GP/kg bw) presents potent
antioxidant effects in dexamethasone-induced hypertension, as it prevents the elevation of
serum levels of total oxidative stress (TOS), malondialdehyde (MDA), and oxidative stress
index (OSI) and increases serum levels of NO, TAC and Total Thiols.
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4.1. Blood Pressure Monitoring

Dexamethasone induces hypertension due to its role in promoting excessive produc-
tion of reactive oxygen species (ROS). Increased production of ROS in the vasculature is
predominantly caused by the NADPH oxidase pathway [38]. This interaction disrupts the
nitric oxide (NO)–redox balance by reducing NO bioavailability, a key vasodilator that the
vascular endothelium produces, ultimately contributing to hypertension [39]. Additionally,
dexamethasone can inhibit NO synthase gene expression at the transcriptional level, further
depleting NO supply and leading to vasoconstriction [40]. Another potential mechanism
is dexamethasone-induced elevation of enzymes, such as angiotensin-converting enzyme
(ACE), which may significantly increase blood pressure [38]. The hypertensive effects of
dexamethasone could be mitigated by counteracting these risk factors through enhanced
NO production, inhibition of angiotensin-converting enzyme activity, and improved free
radical scavenging. Similar to our study (Figure 4), the dose of Dex (30 µg/kg/day)
administered subcutaneously for 16 days was observed to induce hypertension [41].

Grape products are recognised as an excellent source of plant-derived polyphenolic
antioxidants, including proanthocyanidins, anthocyanins, flavonols, flavanols, resveratrol,
and phenolic acids. Since ACE is a zinc-dependent metalloenzyme, phenolic compounds
can bind to its zinc ion, thereby reducing its activity. Consequently, the hypotensive effects
of grape products may be attributed to their ability to inhibit ACE activity and enhance
prostacyclin levels [42].

In the present study, SBP, DBP, and MBP were controlled after lisinopril administration,
as it is an orally active, non-sulfhydryl ACE inhibitor that is not metabolised or bound to
protein. Lisinopril produces a smooth, gradual blood pressure reduction without affecting
heart rate or cardiovascular reflexes. Its antihypertensive effects begin within 2 h, peak
around 6 h, and last for at least 24 h [43].

4.2. Oxidative Stress Parameters

Oxidative stress is characterised by an imbalance between the generation and accu-
mulation of ROS in cells and tissues and the biological system’s capacity to neutralise
or eliminate these reactive molecules [44]. Total oxidative stress is a pro-oxidant marker
often used to estimate the body’s overall oxidation state [45]. Grape pomace polyphenols
scavenge free radicals and reduce the accumulation of ROS, thereby decreasing oxidative
stress levels [46].

Red grape pomace extract has also been shown to enhance antioxidant defences,
particularly TAC [47]. This effect is largely attributed to its flavonoids, resveratrol, and
tannins, which scavenge free radicals and prevent oxidative damage [14]. In the present
study, white GP mitigated oxidative stress by promoting total thiol production in both
concentrations and reducing TAC. Elevated total thiol levels have also been previously
observed in other grape pomace extracts [11,48], aligning with the findings of this study.
Moreover, the results of the present study show that white GP polyphenol extract with
a higher content of polyphenols (GP1) led to a better enhancement of total thiols than
lisinopril (Table S2).

Malondialdehyde (MDA), a key indicator of oxidative stress, is a stable end-product
of polyunsaturated fatty acid peroxidation and arachidonic acid metabolism [49]. Previous
studies have shown that red wine grape pomace significantly reduces serum MDA levels
in models of isoproterenol-induced myocardial ischemia [11,48]. The reduction of MDA
levels by grape pomace (GP) reflects decreased lipid peroxidation and oxidative stress,
contributing to the protection of cell membranes and supporting cardiovascular health [50].

In the present study, white GP polyphenols extract with a higher content of polyphe-
nols (GP1) significantly increased serum levels of NO, even better than lisinopril. White GP
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phenolic extracts have shown cardio-protective effects in ex vitro models in male Wistar rats,
as the rats treated with GP extracts presented relaxation in aortic rings in a dose-dependent
manner through the activation of endothelial nitric oxide synthase (eNOS) [51]. Endothelial
nitric oxide synthase plays a critical role in regulating and maintaining a healthy cardiovas-
cular system, as decreased production of NO results in an increased susceptibility/risk of
developing essential hypertension [52].

Lisinopril, an ACE inhibitor, plays a key role in mitigating oxidative stress in
dexamethasone-induced hypertension through several mechanisms. Lisinopril reduces
ROS levels by lowering angiotensin II (Ang II), a potent oxidative stress stimulator and
enhancing nitric oxide NO bioavailability, which counteracts oxidative damage and pro-
motes vasodilation [53]. In the present study, lisinopril was efficient in controlling blood
pressure, even if it presented limited effects on NO serum levels and had no effects on the
antioxidant parameters, such as Total Thiols or TAC (Table S2).

4.3. Pro-Inflammatory Cytokines

Hypertension is recognised as a low-grade inflammatory condition marked by the
presence of multiple proinflammatory cytokines. Increased levels of Ang II and oxidative
stress contribute to the upregulation of TNF-α production [54].

Tumour necrosis factor-α (TNF-α) is a multifunctional cytokine that plays a key role in
chronic inflammatory conditions, such as hypertension and diabetes. It has been shown to
influence blood pressure regulation in a bidirectional manner. While elevated TNF-α levels
can lead to blood pressure reduction, moderate increases have been linked to enhanced
sodium chloride retention, contributing to hypertension [55].

The mechanisms through which GP affects TNF-α levels involve the regulation of
critical inflammatory pathways. Farina et al. reported that GP extracts suppressed TNF-α-
induced NF-κB activation, leading to a reduction in pro-inflammatory cytokine produc-
tion [56]. Similarly, Nishiumi et al. found that a diet enriched with red GP inhibited NF-κB
activation, thereby downregulating the expression of inducible nitric oxide synthase (iNOS)
and cyclooxygenase-2 (COX-2) [26]. Lisinopril administration also reduced TNF-α levels,
as the use of ACE inhibitors was observed to reduce TNF-α production both in vitro and
in vivo [57].

IL-1β belongs to the IL-1 family of interleukins, a group of circulating cytokines im-
plicated in inflammation and disease. Interleukin-1β (IL-1β) is highly relevant in clinical
settings due to its elevated levels in hypertensive patients. Given its pivotal role in inflam-
mation, increasing attention has been directed toward understanding its impact on vascular
pathology in hypertension. Emerging research indicates that IL-1β not only contributes
to the pro-inflammatory response within blood vessels but also affects vascular smooth
muscle cell (VSMC) function, phenotype, and vascular remodelling across various forms
of hypertension through both inflammatory-dependent and independent pathways [58].
In the present study, the serum levels of IL-1β were not elevated, most probably because
dexamethasone is known to have an inhibitory effect on IL-1 production and therefore on
IL-1β [59].

Interleukin-6 has been identified in animal studies as a key mediator in angiotensin
II (Ang II)-induced hypertension. This pro-inflammatory cytokine is secreted by multiple
cell types, including macrophages, endothelial cells, and vascular smooth muscle cells,
and plays a central role in sustaining chronic inflammation. IL-6 also stimulates hepatic
production of acute-phase proteins, such as C-reactive protein (CRP) [60]. Notably, circulat-
ing IL-6 levels may fluctuate based on the context of acute versus chronic inflammatory
stimulation [61]. The fact that the present experimental model is a short-time stimulation
might be a possible explanation for why the serum levels of IL-6 were not elevated.
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Hypertensive heart disease encompasses a range of cardiovascular disorders resulting
from prolonged high blood pressure, including left ventricular hypertrophy, heart failure,
ischemic heart disease, and arrhythmias. Its development is driven by persistent hyper-
tension, which induces structural and functional changes in the heart over time [62]. The
pro-inflammatory cytokines, such as TNF-α, IL-1β, and IL-6, which have been extensively
studied for their implication in the pathogenesis of heart failure, were not elevated in the
heart tissue, most probably due to a short period of exposure to hypertension [63].

4.4. Limitations and Future Directions

Short exposure to hypertension limited our evaluation of the effects of white GP
polyphenol extracts on hypertensive heart disease. The lack of evaluation of the oxidative
stress parameters and pro-inflammatory cytokines from the aortic wall could be regarded
as a potential limitation of the present study.

The pathophysiology of hypertension is multifaceted and involves several mecha-
nisms. These include enhanced salt absorption, which leads to volume expansion, an
impaired response of the renin–angiotensin–aldosterone system (RAAS), and increased
sympathetic nervous system activation. Together, these alterations contribute to increased
total peripheral resistance and elevated afterload, ultimately resulting in the development of
hypertension. Future studies should include experimental models focused simultaneously
on several pathophysiological mechanisms of arterial hypertension.

5. Conclusions
The present study demonstrates that dexamethasone administration induces a sig-

nificant increase in systolic, diastolic, and mean blood pressure in rats, beginning from
day 4 and peaking by day 16, confirming its hypertensive effect. Treatment with white
grape pomace extract—particularly the higher concentration (795 mg polyphenols/kg
bw)—attenuated the dexamethasone-induced elevation of SBP.

Biochemically, white grape pomace extract in higher concentration significantly re-
duced oxidative stress markers while increasing antioxidant defence parameters to a greater
extent than lisinopril. White grape pomace extract in lower concentration showed a milder
antioxidant response, but still surpassed lisinopril, in elevating antioxidant defence param-
eters. These findings suggest a dose-dependent antioxidant effect of white GP polyphenols.

White grape pomace extract in both concentrations and lisinopril were effective in
preventing the rise of tumour necrosis factor-alpha. Interleukin-6 and interleukin-1β levels
in serum and heart tissue were not significantly influenced by dexamethasone or any
treatment.

To sum up, white grape pomace polyphenol extract exerts protective cardiovascular
effects in dexamethasone-induced hypertension by attenuating blood pressure, suppressing
oxidative stress, and reducing pro-inflammatory cytokine TNF-α levels, thereby offering a
potential natural therapeutic strategy for glucocorticoid-induced hypertension.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/diseases13050132/s1, Table S1: Median values of Systolic Blood Pressure
(SBP), Diastolic Blood Pressure (DBP) and Mean Arterial Pressure (MAP) in time.; Table S2: In vivo
antioxidant activity of the white grape pomace.

Author Contributions: Conceptualization, R.M.P. and P.-M.B.; methodology, C.I.B., E.-M.J., M.L.G.
and F.R.; software, R.M.P., M.L.G. and A.U.; validation, C.I.B., S, .H.R. and A.D.B.; formal analysis,
R.M.P. and V.S.C.; investigation, P.-M.B., M.L.G., A.U., S.A. and S, .H.R.; resources, M.D.M., V.S.C. and
F.R.; data curation, R.M.P., P.-M.B., M.L.G. and A.U.; writing—original draft preparation, R.M.P., S.A.
and P.-M.B.; writing—review and editing, R.M.P., V.S.C., A.E.P. and A.D.B.; visualization, M.D.M., I.B.
and E.-M.J.; supervision, E.-M.J., A.E.P. and A.D.B.; project administration, I.B. and M.C.; funding

https://www.mdpi.com/article/10.3390/diseases13050132/s1
https://www.mdpi.com/article/10.3390/diseases13050132/s1


Diseases 2025, 13, 132 14 of 16

acquisition, M.C., S.A. and A.D.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Romanian Ministry of Agriculture and Rural Development,
grant number ADER 6.5.4/2024.

Institutional Review Board Statement: The protocol for the animal study was approved by the board
of the “Iuliu Hat, ieganu” University of Medicine and the Pharmacy Cluj-Napoca and by the Romanian
National Sanitary Veterinary and Food Safety Authority under the approval No. 255/13.05.2021.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available on request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Zhou, B.; Perel, P.; Mensah, G.A.; Ezzati, M. Global epidemiology, health burden and effective interventions for elevated blood

pressure and hypertension. Nat. Rev. Cardiol. 2021, 18, 785–802. [CrossRef]
2. Zhang, Z.; Zhao, L.; Zhou, X.; Meng, X.; Zhou, X. Role of inflammation, immunity, and oxidative stress in hypertension: New

insights and potential therapeutic targets. Front. Immunol. 2023, 13, 1098725. [CrossRef] [PubMed]
3. Del Fabro, V.; Di Giorgio, M.A.; Leotta, V.; Duminuco, A.; Bellofiore, C.; Markovic, U.; Romano, A.; Bulla, A.; Curto Pelle, A.; Elia,

F.; et al. Lenalidomide plus Dexamethasone Combination as First-Line Oral Therapy of Multiple Myeloma Patients: A Unicentric
Real-Life Study. Cancers 2023, 15, 4036. [CrossRef] [PubMed]

4. Ganguly, S.; Sasi, A.; Nagaraju, S.K.K.; Bakhshi, S. Anti-Emetics in Children Receiving Chemotherapy for Solid Tumors and
Leukemia: Pharmacology and Optimization of Therapy for Nausea and Vomiting. Pharmaceuticals 2024, 17, 616. [CrossRef]

5. Scheffler, P.; Fung, C.; Momjian, S.; Koessinger, D.; Häni, L.; Neidert, N.; Straehle, J.; Volz, F.; Schnell, O.; Beck, J.; et al.
Dexamethasone in Patients with Glioblastoma: A Systematic Review and Meta-Analysis. Cancers 2024, 16, 1393. [CrossRef]

6. Ong, S.L.H.; Zhang, Y.; Sutton, M.; Whitworth, J.A. Hemodynamics of dexamethasone-induced hypertension in the rat. Hypertens.
Res. 2009, 32, 889–894. [CrossRef]

7. Ong, S.L.H.; Zhang, Y.; Whitworth, J.A. Mechanisms of dexamethasone-induced hypertension. Curr. Hypertens. Rev. 2009,
5, 61–74. [CrossRef]

8. Amato, A. Natural Compounds and Healthy Foods: Useful Tools against Onset and Progression of Chronic Diseases. Nutrients
2023, 15, 2898. [CrossRef]

9. Jaime, L.; Santoyo, S. The Health Benefits of the Bioactive Compounds in Foods. Foods 2021, 10, 325. [CrossRef]
10. Alvarez-Leite, J.I. The Role of Bioactive Compounds in Human Health and Disease. Nutrients 2025, 17, 1170. [CrossRef]
11. Pop, R.M.; Boarescu, P.-M.; Bocsan, C.I.; Gherman, M.L.; Chedea, V.S.; Jianu, E.-M.; Ros, ian, S, .H.; Boarescu, I.; Ranga, F.; Tomoiagă,

L.L.; et al. Anti-Inflammatory and Antioxidant Effects of White Grape Pomace Polyphenols on Isoproterenol-Induced Myocardial
Infarction. Int. J. Mol. Sci. 2025, 26, 2035. [CrossRef] [PubMed]

12. Muscolo, A.; Mariateresa, O.; Giulio, T.; Mariateresa, R. Oxidative Stress: The Role of Antioxidant Phytochemicals in the
Prevention and Treatment of Diseases. Int. J. Mol. Sci. 2024, 25, 3264. [CrossRef] [PubMed]

13. Abouelenein, D.; Mustafa, A.M.; Caprioli, G.; Ricciutelli, M.; Sagratini, G.; Vittori, S. Phenolic and nutritional profiles, and
antioxidant activity of grape pomaces and seeds from Lacrima di Morro d’Alba and Verdicchio varieties. Food Biosci. 2023, 53,
102808. [CrossRef]

14. Bocsan, I.C.; Măgureanu, D.C.; Pop, R.M.; Levai, A.M.; Macovei, S, .O.; Pătras, ca, I.M.; Chedea, V.S.; Buzoianu, A.D. Antioxidant
and Anti-Inflammatory Actions of Polyphenols from Red and White Grape Pomace in Ischemic Heart Diseases. Biomedicines 2022,
10, 2337. [CrossRef]

15. Chedea, V.S.; Macovei, S, .O.; Bocs, an, I.C.; Măgureanu, D.C.; Levai, A.M.; Buzoianu, A.D.; Pop, R.M. Grape Pomace Polyphenols
as a Source of Compounds for Management of Oxidative Stress and Inflammation—A Possible Alternative for Non-Steroidal
Anti-Inflammatory Drugs? Molecules 2022, 27, 6826. [CrossRef]

16. Xu, Y.; Burton, S.; Kim, C.; Sismour, E. Phenolic compounds, antioxidant, and antibacterial properties of pomace extracts from
four Virginia-grown grape varieties. Food Sci. Nutr. 2016, 4, 125–133. [CrossRef]

17. Yammine, S.; Delsart, C.; Vitrac, X.; Peuchot, M.M.; Ghidossi, R. Characterisation of polyphenols and antioxidant potential of red
and white pomace by-product extracts using subcritical water extraction. OENO One 2020, 54, 263–278. [CrossRef]

18. Del Pino-García, R.; Rivero-Pérez, M.D.; González-Sanjosé, M.L.; Croft, K.D.; Muñiz, P. Antihypertensive and antioxidant effects
of supplementation with red wine pomace in spontaneously hypertensive rats. Food Funct. 2017, 8, 2444–2454. [CrossRef]

https://doi.org/10.1038/s41569-021-00559-8
https://doi.org/10.3389/fimmu.2022.1098725
https://www.ncbi.nlm.nih.gov/pubmed/36703963
https://doi.org/10.3390/cancers15164036
https://www.ncbi.nlm.nih.gov/pubmed/37627065
https://doi.org/10.3390/ph17050616
https://doi.org/10.3390/cancers16071393
https://doi.org/10.1038/hr.2009.118
https://doi.org/10.2174/157340209787314315
https://doi.org/10.3390/nu15132898
https://doi.org/10.3390/foods10020325
https://doi.org/10.3390/nu17071170
https://doi.org/10.3390/ijms26052035
https://www.ncbi.nlm.nih.gov/pubmed/40076654
https://doi.org/10.3390/ijms25063264
https://www.ncbi.nlm.nih.gov/pubmed/38542238
https://doi.org/10.1016/j.fbio.2023.102808
https://doi.org/10.3390/biomedicines10102337
https://doi.org/10.3390/molecules27206826
https://doi.org/10.1002/fsn3.264
https://doi.org/10.20870/oeno-one.2020.54..2346
https://doi.org/10.1039/C7FO00390K


Diseases 2025, 13, 132 15 of 16

19. Rasines-Perea, Z.; Ky, I.; Cros, G.; Crozier, A.; Teissedre, P.-L. Grape Pomace: Antioxidant Activity, Potential Effect Against
Hypertension and Metabolites Characterization after Intake. Diseases 2018, 6, 60. [CrossRef]

20. Taladrid, D.; De Celis, M.; Belda, I.; Bartolomé, B.; Moreno-Arribas, M.V. Hypertension- and glycaemia-lowering effects of a
grape-pomace-derived seasoning in high-cardiovascular risk and healthy subjects. Interplay with the gut microbiome. Food Funct.
2022, 13, 2068–2082. [CrossRef]

21. Urquiaga, I.; D’Acuña, S.; Pérez, D.; Dicenta, S.; Echeverría, G.; Rigotti, A.; Leighton, F. Wine grape pomace flour improves
blood pressure, fasting glucose and protein damage in humans: A randomized controlled trial. Biol. Res. 2015, 48, 49. [CrossRef]
[PubMed]

22. Foshati, S.; Rouhani, M.H.; Amani, R. The effect of grape seed extract supplementation on oxidative stress and inflammation: A
systematic review and meta-analysis of controlled trials. Int. J. Clin. Pract. 2021, 75, e14469. [CrossRef] [PubMed]

23. Quiñones, M.; Guerrero, L.; Fernández-Vallinas, S.; Pons, Z.; Arola, L.; Aleixandre, A.; Muguerza, B. Involvement of nitric
oxide and prostacyclin in the antihypertensive effect of low-molecular-weight procyanidin rich grape seed extract in male
spontaneously hypertensive rats. J. Funct. Foods 2014, 6, 419–427. [CrossRef]

24. Rodriguez-Rodriguez, R.; Justo, M.L.; Claro, C.M.; Vila, E.; Parrado, J.; Herrera, M.D.; Alvarez de Sotomayor, M. Endothelium-
dependent vasodilator and antioxidant properties of a novel enzymatic extract of grape pomace from wine industrial waste. Food
Chem. 2012, 135, 1044–1051. [CrossRef]

25. Magrone, T.; Magrone, M.; Russo, M.A.; Jirillo, E. Recent Advances on the Anti-Inflammatory and Antioxidant Properties of Red
Grape Polyphenols: In Vitro and In Vivo Studies. Antioxidants 2020, 9, 35. [CrossRef]

26. Nishiumi, S.; Mukai, R.; Ichiyanagi, T.; Ashida, H. Suppression of lipopolysaccharide and galactosamine-induced hepatic
inflammation by red grape pomace. J. Agric. Food Chem. 2012, 60, 9315–9320. [CrossRef]

27. Folin, O.; Ciocalteu, V. On tyrosine and tryptophane determinations in proteins. J. Biol. Chem. 1927, 73, 627–650. [CrossRef]
28. Safaeian, L.; Zabolian, H. Antihypertensive Effect of Lactoferrin on Dexamethasone-Induced Hypertension in Rat. J. Isfahan Med.

Sch. 2013, 31, 1096–1104. Available online: https://jims.mui.ac.ir/article_14115_en.html (accessed on 1 February 2025).
29. Del Seppia, C.; Lapi, D.; Ghione, S.; Federighi, G.; Sabatino, L.; Fommei, E.; Colantuoni, A.; Scuri, R. Evidence in hypertensive

rats of hypotensive effect after mandibular extension. Physiol. Rep. 2018, 6, e13911. [CrossRef]
30. Boarescu, P.-M.; Boarescu, I.; Bocs, an, I.C.; Pop, R.M.; Gheban, D.; Bulboacă, A.E.; Nicula, C.; Râjnoveanu, R.-M.; Bolboacă, S.D.

Curcumin Nanoparticles Protect against Isoproterenol Induced Myocardial Infarction by Alleviating Myocardial Tissue Oxidative
Stress, Electrocardiogram, and Biological Changes. Molecules 2019, 24, 2802. [CrossRef]

31. Lee, Y.I.; Ko, R.-E.; Yang, J.H.; Cho, Y.H.; Ahn, J.; Ryu, J.-A. Optimal Mean Arterial Pressure for Favorable Neurological Outcomes
in Survivors after Extracorporeal Cardiopulmonary Resuscitation. J. Clin. Med. 2022, 11, 290. [CrossRef] [PubMed]

32. Erel, O. A new automated colorimetric method for measuring total oxidant status. Clin. Biochem. 2005, 38, 1103–1111. [CrossRef]
[PubMed]

33. Erel, O. A novel automated method to measure total antioxidant response against potent free radical reactions. Clin. Biochem.
2004, 37, 112–119. [CrossRef]

34. Miranda, K.M.; Espey, M.G.; Wink, D.A. A rapid, simple spectrophotometric method for simultaneous detection of nitrate and
nitrite. Nitric Oxide 2001, 5, 62–71. [CrossRef]

35. Draper, H.H.; Squires, E.J.; Mahmoodi, H.; Wu, J.; Agarwal, S.; Hadley, M. A comparative evaluation of thiobarbituric acid
methods for the determination of malondialdehyde in biological materials. Free Radic. Biol. Med. 1993, 15, 353–363. [CrossRef]

36. Hu, M.L. Measurement of protein thiol groups and glutathione in plasma. Methods Enzymol. 1994, 233, 380–385. [CrossRef]
37. Abuelo, Á.; Hernández, J.; Benedito, J.L.; Castillo, C. Oxidative stress index (OSi) as a new tool to assess redox status in dairy

cattle during the transition period. Animal 2013, 7, 1374–1378. [CrossRef]
38. Barreto-Chaves, M.L.M.; Heimann, A.; Krieger, J.E. Stimulatory effect of dexamethasone on angiotensin-converting enzyme in

neonatal rat cardiac myocytes. Braz. J. Med. Biol. Res. 2000, 33, 661–664. [CrossRef]
39. Dubey, H.; Singh, A.; Patole, A.M.; Tenpe, C.R. Antihypertensive effect of allicin in dexamethasone-induced hypertensive rats.

Integr. Med. Res. 2016, 6, 60–65. [CrossRef]
40. Wallwork, C.J.; Parks, D.A.; Schmid-Schönbein, G.W. Xanthine oxidase activity in the dexamethasone-induced hypertensive rat.

Microvasc. Res. 2003, 66, 30–37. [CrossRef]
41. Safaeian, L.; Sajjadi, S.E.; Javanmard, S.H.; Gholamzadeh, H. Antihypertensive and antioxidant effects of hydroalcoholic extract

from the aerial parts of Kelussia odoratissima Mozaff. in dexamethasone-induced hypertensive rats. Adv. Biomed. Res. 2016, 5, 25.
[CrossRef]

42. Asbaghi, O.; Naeini, F.; Moodi, V.; Najafi, M.; Shirinbakhshmasoleh, M.; Rezaei Kelishadi, M.; Hadi, A.; Ghaedi, E.; Fadeli, A.
Effect of grape products on blood pressure: A systematic review and meta-analysis of randomized controlled trials. Int. J. Food
Prop. 2021, 24, 627–645. [CrossRef]

43. Gomez, H.J.; Cirillo, V.J.; Moncloa, F. The clinical pharmacology of lisinopril. J. Cardiovasc. Pharmacol. 1987, 9, S27–S34. [CrossRef]

https://doi.org/10.3390/diseases6030060
https://doi.org/10.1039/D1FO03942C
https://doi.org/10.1186/s40659-015-0040-9
https://www.ncbi.nlm.nih.gov/pubmed/26337448
https://doi.org/10.1111/ijcp.14469
https://www.ncbi.nlm.nih.gov/pubmed/34107109
https://doi.org/10.1016/j.jff.2013.11.008
https://doi.org/10.1016/j.foodchem.2012.05.089
https://doi.org/10.3390/antiox9010035
https://doi.org/10.1021/jf302298n
https://doi.org/10.1016/S0021-9258(18)84277-6
https://jims.mui.ac.ir/article_14115_en.html
https://doi.org/10.14814/phy2.13911
https://doi.org/10.3390/molecules24152802
https://doi.org/10.3390/jcm11020290
https://www.ncbi.nlm.nih.gov/pubmed/35053988
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://www.ncbi.nlm.nih.gov/pubmed/16214125
https://doi.org/10.1016/j.clinbiochem.2003.10.014
https://doi.org/10.1006/niox.2000.0319
https://doi.org/10.1016/0891-5849(93)90035-S
https://doi.org/10.1016/S0076-6879(94)33044-1
https://doi.org/10.1017/S1751731113000396
https://doi.org/10.1590/S0100-879X2000000600007
https://doi.org/10.1016/j.imr.2016.12.002
https://doi.org/10.1016/S0026-2862(03)00019-0
https://doi.org/10.4103/2277-9175.176342
https://doi.org/10.1080/10942912.2021.1901731
https://doi.org/10.1097/00005344-198700003-00008


Diseases 2025, 13, 132 16 of 16
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