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Winery by-products as a valuable source for natural antihypertensive agents 17 

 18 

Hypertension (HTN) is one of the leading causes of death in the world. Agri-food by-products are 19 

emerging as a novel source of natural antihypertensive agents allowing for their valorization and 20 

making food and agricultural industries more environmentally friendly. In this regard, wine making 21 

process generates large amounts of by-products rich in phenolic compounds that have shown 22 

potential to exert several beneficial effects including antihypertensive properties. The aim of this 23 

study was to review the blood pressure-lowering effects of winery by-products. In addition, 24 

molecular mechanisms involved in their bioactivity were also evaluated. Among the winery by-25 

products, grape seed extracts have widely shown antihypertensive properties in both animal and 26 

human studies. Moreover, recent evidence suggests that grape stem, skin and pomace and wine lees 27 

may also have great potential to manage HTN, although more studies are needed in order to confirm 28 

their potential in humans. Improvement of endothelial dysfunction and reduction of oxidative stress 29 

associated with HTN are the main mechanisms involved in the blood pressure-lowering effects of 30 

these by-products.  31 

 32 
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Introduction 35 

Hypertension (HTN), defined as systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure 36 

(DBP) ≥ 90 mmHg, is a common risk factor for cardiovascular disease (CVD) and a major global public 37 

health challenge (Unger et al. 2020). In the last years, there have been an increase in HTN prevalence 38 

attributed to unhealthy diets (i.e., high sodium and low potassium intake) and lack of physical activity. 39 

According to the World Health Organization, 1.28 billion of people worldwide suffer HTN and only 21 % 40 

are under control (World Health Organization 2021). HTN is also associated with other diseases. Thus, 41 

more than 50 % of hypertensive people have other common cardiovascular risk factors such as diabetes, 42 

lipid disorders, overweight, obesity or metabolic syndrome (Unger et al. 2020). Antihypertensive therapy 43 

has been shown to reduce the risk of CVD. Hence, it has been suggested that the reduction of both DBP 44 

and/or SBP by only 5 mmHg and 10 mmHg respectively, reduce the risk of suffering cardiovascular events 45 

(Thomopoulos et al. 2014). Therefore, treatments and prevention strategies for lowering blood pressure 46 

(BP) and slowing the progression of HTN are crucial.  47 

In patients with HTN or a pre-existing cardiovascular risk of 10 % or higher, both lifestyle changes and 48 

medication are recommended (Muntner and Whelton 2017). Current available treatments include five 49 

classes of drugs according to their targets: angiotensin-converting enzyme (ACE) inhibitors, angiotensin 50 

(Ang) II receptor blockers, beta-blockers, diuretics and calcium-channel blockers (Mancia and Zanchetti 51 

2008). Among these, ACE inhibitors are the first-line HTN treatment and act on the renin-angiotensin-52 

aldosterone system (RAAS) inhibiting the key enzyme in the control of BP. Thus, ACE catalyzes the 53 

conversion of Ang I to Ang II, which binds to Ang II type-1 receptor (AT1R) causing vasoconstriction. 54 

However, these treatments may present side effects such as hypotension, dizziness, hyperkalaemia or 55 

increase creatinine levels among others (Margalef et al. 2017). Moreover, these drugs are not suitable for 56 

treating pre-hypertensive individuals at risk of CVD as they may have different metabolic side effects. 57 

Thus, implementation of lifestyle modifications is the most recurrent method in these patients (Collier and 58 

Landram 2012). However, it is important to act at this pre-hypertensive stage with the aim to avoid the 59 
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development of HTN (Margalef et al. 2017). Therefore, there is a need to develop new therapeutic 60 

antihypertensive treatments with reduced side effects and suitable for pre-hypertensive subjects.  61 

According to the Food and Agriculture Organization of the United Nations, about 1.3 billion tonnes of 62 

foods are lost or wasted globally (Food and Agriculture Organization of the United Nations 2020). 63 

However, these food by-products are of high interest for both scientific and food industry communities as 64 

they are a great source of bioactive compounds, mainly phenolic compounds and bioactive peptides, with 65 

several beneficial effects including antihypertensive (Margalef et al. 2017). Indeed, some of these 66 

compounds have been found to exert ACE inhibition properties (Sturrock et al. 2019). Therefore, the use 67 

of these agri-food by-products as a novel source of natural bioactive compounds contribute to more 68 

environmentally friendly food and agricultural industries (Del Borghi et al. 2020).  69 

Grapes are one of the world's largest fruit crops and 57% of its production is destined to make wine 70 

generating large amounts of by-products (International Organisation of Vine and Wine 2019). Grapes, wine 71 

and some winery by-products such as grape seeds, have shown different beneficial effects on BP attributed 72 

to their content in bioactive compounds, mainly phenolic compounds (Dohadwala and Vita 2009).  73 

Therefore, the objective of this review was to discuss the potential of winery by-products as sources of 74 

antihypertensive phenolic compounds. In addition, the mechanisms involved in the BP-lowering effect of 75 

these by-products are discussed.   76 

Antihypertensive effect of grape phenolic compounds  77 

Grape phenolic compounds have widely shown to exert several beneficial effects including 78 

antihypertensive properties. Different mechanisms have been reported to be involved in their 79 

antihypertensive effects, including ACE inhibitory activity. As mentioned above, this enzyme is key in BP 80 

regulation as it produces the vasoconstrictor Ang II. Ang II also induces the production of aldosterone in 81 

the adrenal glands, leading to the retention of Na+ and water and increasing BP (Cachofeiro et al. 2008). 82 

Therefore, its inhibition is one of the main targets when looking for compounds with BP-lowering effects. 83 
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ACE inhibitory activity of flavonoids have been related with specific sub-structures on the flavonoid 84 

skeleton, mainly the catechol group in the B-ring, the double bond between the C2 and C3 positions in the 85 

C-ring, and the ketone group at the C4 postion in the C-ring (Guerrero et al. 2012). Furthermore, 86 

administration of individual flavanols such as catechin and epicatechin, which are abundant in different 87 

grape by-products, also led to BP reduction in hypertensive animals (Quiñones et al. 2015). These beneficial 88 

effects have been linked to increased nitric oxide (NO) production, the main endothelium-derived 89 

vasodilator factor, in endothelial cells. Their antihypertensive properties were also related to the strong 90 

antioxidant potential of phenolic compounds. Thus, overproduction of reactive oxygen species (ROS) 91 

contributes to the development of CVD and endothelial dysfunction (Cheng et al. 2017). In blood vessels, 92 

high levels of ROS are related with low levels of vasodilators, generating endothelial dysfunction. NO is 93 

the main vasodilator affected as it interacts with oxygen free radicals to generate peroxynitrite. This leads 94 

to both reduced NO availability and increased ROS levels promoting HTN development (Rodrigo et al. 95 

2015). Furthermore, the increment of ROS levels in cardiovascular control organs elicit targeted immune 96 

response, which potentiates systemic HTN and its complications. Thus, oxidative stress induced by pro-97 

inflammatory signals worsens the immunologic response in endothelium, which produces the progressive 98 

deterioration of vascular function (Crowley 2014). Moreover, high levels of oxidative stress in hypertensive 99 

states increase Ang II levels, which stimulate the production of ROS through NADPH oxidase (NOX) 100 

(Masaki and Sawamura 2006). Isoforms of this enzyme, specifically NOX1/NOX2, are involved in the 101 

development of endothelial dysfunction, HTN and inflammation (Konior et al. 2014). Therefore, 102 

antioxidant properties of polyphenols can also protect from increased ROS levels contributing to vascular 103 

homeostasis. 104 

In addition to flavanols, red grapes are also rich in anthocyanins, which have also been studied for their 105 

health-promoting effects, including vascular benefits (Rodriguez-Mateos et al. 2019). In this regard, the 106 

anthocyanin malvidin-3-glucoside has been reported as a potent vasodilator (Calfío and Huidobro-Toro 107 

2019). Anthocyanins have also demonstrated in vitro antioxidant properties, preventing oxidative damage, 108 
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increasing NO bioavailability and reducing NOX activity in lipopolisacharide-stimulated RAW 264.7 cells 109 

(Kim et al. 2017). In addition, intake of anthocyanin-rich extracts from different sources led to increased 110 

endothelial NO levels via the regulation of endothelial NO synthase (eNOS) expression and activity, 111 

promoting vasorelaxation (Bell and Gochenaur 2006). Moreover, different meta-analyses of randomized 112 

controlled trials demonstrated an association of anthocyanins consumption with significant reduced SBP 113 

and improved vascular function. Thus, a meta-analysis involving 24 clinical studies in healthy and 114 

hypertensive subjects showed that acute and chronic anthocyanin consumption improved flow-mediated 115 

dilatation promoting vascular health. Acute administration also led to reduced pulse (Fairlie-Jones et al. 116 

2017). In addition, a meta-analysis conducted with 22 clinical trials in healthy and hypertensive subjects 117 

showed that consumption of berries rich in anthocyanins significantly reduced CVD risk factors including 118 

SBP, low density lipoprotein-cholesterol and fasting glucose levels (Huang et al. 2016). Recently, 119 

hydroalcoholic extracts of Patagonian Calafate berry (Berberis microphylla) containing conjugated 120 

anthocyanins, mainly glycosylated anthocyanidins such as delphinidin-3-glucoside, petunidin-3-glucoside 121 

and malvidin-3-glucoside, showed strong vasodilatation effects in a rat arterial mesenteric bed bioassay 122 

(Calfío and Huidobro-Toro 2019). Vascular responses of these glycosylated anthocyanins were 123 

endothelium-dependent, mediated by NO production and independent of antioxidant capacity.  124 

Among the stilbenes family, resveratrol is the most abundant in grapes and red wine (Bonnefont-Rousselot 125 

2016). Resveratrol has shown antihypertensive properties in different models of hypertensive rats 126 

associated with the improvement of endothelium through vascular relaxation, enhanced eNOS activity, 127 

subsequently increasing NO (Mizutani et al. 2000; Miatello et al. 2005; Bhatt et al. 2011; Cheng et al. 128 

2020). Its antihypertensive potential has also been related to its antioxidant capability, increasing 129 

superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx) and reduced glutathione (GSH) 130 

activities (Bhatt et al. 2011; Alturfan et al. 2012; Bagul et al. 2012; Ramar et al. 2012; Franco et al. 2013; 131 

Xia et al. 2017; Cheng et al. 2020). Furthermore, resveratrol activates SIRT such as SIRT1, which is 132 

implicated in the deacetylation and consequent activation of eNOS (Gertz et al. 2012). However, there is 133 
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some controversy regarding the effects of resveratrol on BP in humans. Nevertheless, the potential use of 134 

this phenolic compound as antihypertensive agent has been recently pointed out, mostly when administered 135 

at high daily dose (≥300 mg/day) and in diabetic patients (Fogacci et al. 2019).  136 

Rutin, quercetin and kaempferol are the main phenolic compounds regarding the flavonol group in grapes 137 

(Iglesias-Carres et al. 2018). Quercetin stands out for its capacity of improving endothelial function by 138 

increasing NO levels, reducing the endothelial vasoconstrictor factor endothelin-1 (ET-1), and preventing 139 

apoptosis in endothelial cells (Marunaka et al. 2017). Moreover, quercetin modulates enzymes with radical 140 

scavenging ability such as hemeoxygenase-1 (HO-1) and reduces ROS production in macrophages (Luo et 141 

al. 2019). In hypertensive animals, quercetin presented the ability to inhibit ACE, reducing BP levels 142 

(Larson et al. 2012). Moreover, quercetin decreased SBP (Egert et al. 2009) and both SBP and DBP 143 

(Marunaka et al. 2017) in patients with metabolic syndrome and hypertension respectively. Endothelial 144 

function was also improved in healthy men as shown by a randomized, placebo-controlled, crossover trial 145 

where the administration of quercetin increased the levels of NO and reduced the levels of the 146 

vasoconstrictor ET-1 (Loke et al. 2008). Moreover, a randomised double-blinded controlled cross-over trial 147 

showed that intake of a quercetin-rich onion skin extract reduced the arterial BP probably by the regulation 148 

of ET-1 production in pre-hypertensive subjects (Brüll et al. 2015). In addition, a meta-analysis of 7 149 

randomized controlled trials concluded that supplementation with quercetin reduced both SBP and DBP 150 

(Serban et al. 2016).  151 

Gallic acid (GA) is the main phenolic acid found in grapes. The intake of 320 mg GA/kg bw for 16 weeks 152 

reduced both SBP and left ventricular hypertrophy in spontaneously hypertensive rats (SHR), which is a 153 

major risk factor for cardiovascular diseases (Jin et al. 2017). In this same study, GA attenuated GATA-154 

mediated NOX2 promoter activation in H9c2 cells and inhibited cardiac Nox2 expression in SHR. 155 

Moreover, GA isolated from Spirogyra sp. exerted a vasorelaxant effect mediated by the production of NO 156 

in human umbilical vein endothelial cells (HUVECs) and an antihypertensive effect in SHR mediated by 157 

its vasorelaxant effect, improving the endothelial dysfunction (Kang et al. 2015). 158 
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According to the antihypertensive activity exhibited by grape phenolic compounds, the consumption of 159 

whole grapes and wine have also shown BP-lowering properties in both animal models and humans (Tables 160 

1 and 2). In this regard, the administration of grape powder (600 mg/day) to SHR produced an improvement 161 

of the endothelial function mediated by increased eNOS production, and reduced BP (10 mmHg) 162 

(Thandapilly et al. 2012). Moreover, administration of 330 mg of grape powder to Sprague-Dawley rats 163 

with buthionine sulfoximine-induced HTN reduced BP by 20% via extracellular signal-regulated protein 164 

kinase-1/2 (Allam et al. 2013). Regarding wine, most of their beneficial effects have been mostly attributed 165 

to its content in resveratrol. However, as discussed above, other phenolic compounds found in wine such 166 

as anthocyanins and flavanols have also shown beneficial properties (Snopek et al. 2018). Administration 167 

of dried red wine polyphenols at 40 mg/kg/day during four weeks produced a reduction of SBP by 18% and 168 

increased eNos expression and NO levels in Nw-nitro-L-arginine-methyl-ester (L-NAME)-induced 169 

hypertensive rats (Pechánová et al. 2004). In addition, the intake of 150 mg/kg/day of dried red wine 170 

polyphenols for 21 days prevented Ang II-induced expression of Nox subunits 1 and p22phox in rat aorta 171 

and vascular ROS production. This protective effect is probably due to the ability of red wine polyphenols 172 

to reduce vascular oxidative stress and to induce an unaltered endothelial formation of NO in pathologic 173 

arteries (Sarr et al. 2006). An increase of NO levels was also observed in HUVECs and HUVEC-derived 174 

cell line EA.hy926 treated with an alcohol-free red wine phenolic extract. Moreover, this wine phenolic 175 

extract increased eNOS levels and promotor activity (Leikert et al. 2002). Therefore, the enhancement of 176 

NO production seems to be the main mechanism involved in the antihypertensive effects of red wine 177 

phenolic compounds.  178 

In addition, different clinical studies have evaluated the antihypertensive effect of grape phenolic 179 

compounds obtained from different sources. Controversial effects were observed as BP was reduced in 180 

some studies (Jiménez et al. 2008; Sivaprakasapillai et al. 2009; Barona et al. 2012; Queipo-Ortuño et al. 181 

2012) while it did not change in others (Ward et al. 2005; Sano et al. 2007; Mellen et al. 2010). This can be 182 

due to differences in dosage, time of administration, phenolic compound source (wine, grape seed extracts 183 
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and grape polyphenol powder preparations) and participant conditions. However, a meta-analysis with 10 184 

randomized controlled trials in patients suffering different diseases (HTN, metabolic syndrome, coronary 185 

disease or at high vascular risk), concluded that grape phenolic compound consumption for at least two 186 

weeks, could significantly decrease SBP by 1.48 mmHg but did not affect DBP compared to healthy 187 

subjects (Li et al. 2015). Moreover, this study also revealed that the BP-lowering effect of grape phenolic 188 

compounds was better when volunteers consumed low-doses of these compounds (< 733 mg/day). In 189 

addition, several studies have shown cardioprotective effects, including BP-lowering effects and 190 

improvement of endothelial function, as well as antioxidant properties after a moderate consumption of red 191 

wine (Chiva-Blanch et al. 2012; Queipo-Ortuño et al. 2012). Moreover, differential effects of red wine have 192 

been reported when alcohol is removed. In this regard, a clinical trial carried out in hypertensive subjects 193 

showed that the moderate consumption of red wine (272 mL/day for 4 weeks) slightly reduced SBP (2.3 194 

mmHg) and DBP (1 mmHg). Nevertheless, the effect was higher when volunteers consumed the same red 195 

wine without alcohol, showing a reduction of 5.8 and 2.3 mmHg in SBP and DBP, respectively (Chiva-196 

Blanch et al. 2012). Moreover, an increase of plasmatic NO levels after dried wine consumption was also 197 

observed in these subjects.  Furthermore, vasoconstrictor ET-1 plasmatic levels were reduced after 2 hours 198 

of either wine or dealcoholized wine consumption in healthy volunteers (Kiviniemi et al. 2010). 199 

Antihypertensive effect of winery by-products 200 

Winery by-products can be used to obtain phenolic-enriched extracts with a wide range of functionalities 201 

(Shrikhande 2000). In this regard, several studies in both animals and humans have demonstrated 202 

antihypertensive effects of winery by-products and derived extracts (Table 1 and 2). In this regard, a recent 203 

meta-analysis compromising 28 studies and a total of 1344 participants revealed that grape products 204 

including extracts from winery by-products can significantly reduce both SBP and DBP (Asbaghi et al. 205 

2021a). Moreover, Figure 1 shows the main molecular mechanisms involved. 206 
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Grape pomace 207 

In vitro studies have demonstrated that dry grape pomace extract exerts antioxidant effects in endothelial 208 

and muscle cells through the increment of gamma-glutamylcysteine synthetase (GCS) and glutathione S-209 

transferase (GST) enzymes (Goutzourelas et al. 2015). GCS is the first enzyme in the biosynthetic pathway 210 

of glutathione (GSH), with a critical role for cell survival. GSH protects the cells from oxidative damage, 211 

being the most important antioxidant in cells (Dalton et al. 2004). GST is induced under oxidative stress 212 

conditions and is involved in the detoxification of organic epoxides, hydroperoxides and unsaturated 213 

aldehydes formed after lipid peroxidation (Forman et al. 2009). GST detoxifies these products through their 214 

conjugation with GSH. Moreover, administration of a seedless red wine pomace seasoning to SHR at a dose 215 

of 300 mg/kg/day for 4 weeks, reduced BP and oxidative damage (Del Pino-García et al. 2017). Restoration 216 

of eNos, mitochondrial superoxide dismutase (Sod2) and Ho-1 gene expression, reduction of Ace aortic 217 

gene expression and aorta ROS production and  increase of aorta eNOS phosphorylated levels were the 218 

leading mechanisms involved in the reduction of BP mediated by the seedless grape pomace (Del Pino-219 

García et al. 2017; Gerardi et al. 2020a). Moreover, this extract also reduced aortic thickness of SHR 220 

(Gerardi et al. 2020b). In addition of evidence from in vitro and animal studies, the antihypertensive effect 221 

of a grape pomace-derived seasoning has been recently reported in volunteers with high pressure levels 222 

(>130 mmHg SBP and >85 mmHg DBP) consuming this product (2g /day, 6 weeks). Specifically, a 223 

significant decrease in SBP, DBP and mean of BP (16.75 %) was observed respect to the non-treated group 224 

(Taladrid et al. 2022a). A reduction of SBP and DBP (4.3 and 5.3 mmHg, respectively) was also observed 225 

in subjects with metabolic syndrome consuming 20 g/day of grape pomace flour for 16 weeks (Urquiaga et 226 

al. 2015).   227 

Grape seeds  228 

Grape seeds are the most studied grape by-products regarding their antihypertensive effects which have 229 

been attributed to their phenolic compounds content, especially proanthocyanins (Gupta et al. 2020). In this 230 

regard, antihypertensive mechanisms of a grape seed proanthocyanidin extract (GSPE) have been widely 231 
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reported in many in vitro and in vivo (animal and human) studies. Thus, acute administration of different 232 

doses of GSPE (250, 375 and 500 mg/kg bw) reduced SBP and DBP in both SHR (Quiñones et al. 2013) 233 

and cafeteria diet-induced hypertensive rats (CHR) (Pons et al. 2016a). The intermediate dose of 375 mg/kg 234 

bw was the most effective and also ameliorated oxidative stress (Pons et al. 2016a). These results were in 235 

line with other studies in SHR models treated with GSPE (Quiñones et al. 2013) or other extracts rich in 236 

flavanol-rich compounds such as cocoa (Cienfuegos-Jovellanos et al. 2009) or cocoa extract (Quiñones et 237 

al. 2011), which showed that higher doses are less effective compared to intermediate doses. These findings 238 

could be explained by the pro-oxidant properties and the excessive production of ROS caused by high doses 239 

of flavanols (López-Fernández-Sobrino et al. 2021d). In addition, no effects were observed in normotensive 240 

rats after acute GSPE consumption. Regarding chronic administration, preventive administration of lower 241 

doses of GSPE, including 25, 100 and 200 mg/kg bw, were enough to attenuate BP and improve lipid profile 242 

in CHR (Pons et al. 2017). Dose of 200 mg/kg bw also reduced body weight and waist perimeter. In 243 

addition, chronic corrective administration of GSPE (25 mg/kg bw/day for three weeks) to CHR reduced 244 

SBP and DBP by 15 and 10 mmHg, respectively (Mas-Capdevila et al. 2020). Other grape seed extracts 245 

obtained from Grenache or Syrah grape varieties have shown little effects on SBP after being administered 246 

to SHR (mg/kg/day) for 6 weeks (2 weeks of treatment+1 week of treatment interruption+2 weeks of 247 

treatments). However, authors did not discard the potential effect of these two extracts against HTN since 248 

it was observed a “rebound effect” (SBP increase in the week without treatment), which is a usual 249 

phenomenon in anti-hypertensive drugs (Rasines-Perea et al. 2018). 250 

Increased NO availability and, at a less extent, the vasodilator prostacyclin I2 (PGI2) pathway, have been 251 

shown to be involved in these GSPE antihypertensive effects (Quiñones et al. 2014). In addition, the 252 

involvement of SIRT1 and ET-1 in the BP-lowering effect of GSPE has also been observed in both SHR 253 

and CHR (Pons et al. 2016b). Agreeing to this, administration of GSPE (250 mg/kg/day for five weeks) to 254 

ouabain-induced hypertensive Sprague-Dawley (SD) rats was shown to decrease BP by regulating NO and 255 

ET-1 balance and suppressing the transforming growth factor-β1 (TGF-β1), which is associated with 256 
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endothelial cells remodelling (Liu et al. 2012). Administration of GSPE also reduced plasmatic ET-1 levels 257 

and restored endothelial dysfunction and oxidative stress in both cardiac and renal tissue in L-NAME-258 

induced HTN pregnant mice (Zhu et al. 2018). Moreover, it has been observed an enhancement of eNOS 259 

activity and soluble vascular cell adhesion molecule-1 (sVCAM) secretion and a reduction of ET-1 levels 260 

and soluble intracellular cell adhesion molecule (sICAM) secretion in HUVEC cells treated with a grape 261 

seed extract (Schön et al. 2021a). In addition, GSPE administration has been demonstrated to reduce liver 262 

malondialdehyde (MDA), a marker of lipid peroxidation (Quiñones et al. 2013; Pons et al. 2014) and to 263 

increase liver GSH levels (Mas-Capdevila et al. 2020) in these animals, which may protect from the 264 

oxidative stress associated with HTN. Grape seed extract (200 mg/kg/day between gestational day 10.5 and 265 

18.5) also reduced maternal SBP, plasma MDA levels and improved endothelial-dependent relaxation in 266 

mesenteric and uterine arteries of pregnant eNOS-/- mice, an established model of maternal HTN associated 267 

with vascular dysfunction (Tropea et al. 2020).   268 

The antihypertensive properties of GSPE have also been demonstrated in hypertensive or pre-hypertensive 269 

patients. The results of clinical trials shows that consumption of GSPE (400 mg/kg/day) for 12 weeks could 270 

ameliorate vascular stiffness and regulate the BP at a normal stage (Odai et al. 2019). In hypertensive 271 

subjects with metabolic syndrome, reduction of oxidative stress by GSPE is one of the main mechanisms 272 

involved in BP reduction (Sivaprakasapillai et al. 2009). Volunteers with mild HTN showed a reduction in 273 

both SBP and DBP after the intake of 300 mg/day of a grape seed extract but this effect was only observed 274 

in men (Schön et al. 2021b). In addition, different meta-analysis studies have demonstrated the positive 275 

correlation among grape seed extract consumption and BP reduction. Thus, a meta-analysis with 16 276 

randomized controlled trials found a beneficial impact of a grape seed extract on BP in obese subjects as 277 

well as in people with metabolic syndrome (Zhang et al. 2016). Other meta-analysis conducted with 9 278 

randomized controlled trials showed that grape seed phenolic extracts exert their antihypertensive effect 279 

over SBP and not over DBP (Feringa et al. 2011). Moreover, it has been proposed that an acute dose of a 280 

grape seed extract (300 mg) may be useful to reduce the increase in the risk of cardiovascular events 281 
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(increase of blood pressure or vasoconstriction) produced during dynamic exercise in pre-hypertensive men 282 

(Kim et al. 2018).  283 

Grape skin extracts  284 

Grape skin extract has shown antioxidant, vasorelaxant and antihypertensive activities. Thus, 285 

administration of 100 mg/kg bw of a grape skin extract for 30 days showed significant antihypertensive, 286 

vasodilator and antioxidant effects in desoxycortisone acetate (DOCA)-salt and L-NAME-induced 287 

hypertensive rats, probably mediated by restoration of NO levels (De Moura et al. 2002). Moreover, 288 

administration at 200 mg/kg/day for 12 weeks prevented the development of HTN in SHR due to its 289 

antioxidant effect by increasing SOD activity and decreasing MDA levels (De Costa et al. 2020). In other 290 

studies, chronic administration of grape skin extract also prevented the development of HTN by increasing 291 

NO synthesis and restoring both the activity of SOD, catalase and GPx, as well as MDA levels, in rats with 292 

metabolic syndrome induced by a high-fat diet (Emiliano et al. 2011; Resende et al. 2013). Additional 293 

studies demonstrated that pre-treatment with grape skin extract prevented the development of HTN in 294 

doxorubicin treated rats. This drug induce cardiomyopathy by the overproduction of ROS (Mokni et al. 295 

2012). Furthermore, studies carried out in L-NAME-induced gestional hypertension in rats showed the 296 

involvement of NO in the antihypertensive effect of grape skin extract (De Moura et al. 2007). In addition, 297 

studies carried out in phenylephrine pre-contracted mesenteric resistance artery rings revealed an 298 

endothelial NO-dependent vasorelaxant effect and free radical scavenger activity of two extracts obtained 299 

from fermented and non-fermented grape skin (Albuquerque et al. 2017).  300 

Additional studies have revealed that some purinergic components of the sympathetic system can be 301 

involved in the effectiveness of grape skin extracts. In this regard, a reduction of SBP was observed in both 302 

streptozotocin-induced diabetic and SHR rats (11.2 and 11.8 % respectively) administered a grape skin 303 

extract in a dose of 200 mg/day for 3 weeks. A vasorelaxant effect (23% in the maximum of contraction) 304 

produced by an increase of  the functionality of P1 purinergic receptors (A1, A2A and A2B subtypes), a 305 

reduction of the vasoconstrictor response via decreasing P2 purinergic (P2X1) receptor functionality, and 306 
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an increase of 13.7 % atrial negative ionotropic effects enhancing the functionality of the P1 purinergic 307 

receptor (A1 subtype) were the mechanisms underlying the bioactivity of the grape skin extract (Bomfim et 308 

al. 2019a). 309 

Grape stem 310 

Stems are also a great source of bioactive compounds which may be used to extract phenolic compounds 311 

with both antioxidant and antihypertensive effects (Nieto et al. 2020). In this regard, grape stem extract 312 

have showed an IC50 of 69.5 µg/mL for in vitro ACE inhibitory activity (Lin et al. 2012). In addition, 313 

administration of a grape stem extract improved the redox system in endothelial cell cultures increasing 314 

GSH and decreasing MDA levels (Goutzourelas et al. 2015). This antioxidant effect was associated to its 315 

polyphenols content, being trans-resveratrol, GA, catechin, syringic acid or quercetin the most abundant. 316 

Single and chronic dosage of another grape stem extract reduced BP in SHR probably due to their phenolic 317 

compounds, including (+)-visitin A. This compound demonstrated in vitro ACE inhibitory activity as well 318 

as antihypertensive effects in SHR by increasing NO release from endothelial cells (Lin et al. 2012).  319 

Wine lees 320 

Wine lees (WL) are a great source of phenolic compounds and they have been used to obtain extracts with 321 

antioxidants effects (Romero-Díez et al. 2018; Jara-Palacios 2019). It has been evidenced that phenolic 322 

compounds identified in WL such as resveratrol, quercetin, GA, (+)-catechin, (_)-epicatechin or malvidin-323 

3-glucoside exhibit antihypertensive effects in hypertensive animal and human models (Quiñones et al. 324 

2015; Jin et al. 2017; Marunaka et al. 2017; Fogacci et al. 2019). Considering this evidence, together with 325 

the great antioxidant effect of WL extracts and the relationship between oxidative stress and HTN, WL 326 

could be a great alternative to manage HTN. Indeed, our group have recently carried out several studies 327 

demonstrating the potential of WL and WL-derived products to control HTN for the first time. In this 328 

regard, we evaluated the in vitro ACE inhibitory activity of the liquid fraction of WL from different grape 329 

varieties including Cabernet, Mazuela, and Garnacha grapes, as well as their antihypertensive effects in 330 
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SHR at a dose of 5 mL/kg bw. Among these, Cabernet WL exhibited a potent antihypertensive activity, 331 

like that obtained with the drug Captopril. This BP-lowering effect was attributed to the presence of 332 

flavanols and anthocyanins (López-Fernández-Sobrino et al. 2021c). Three different doses of the Cabernet 333 

WL liquid fraction (2.5, 5.0 and 7.5 mL/kg bw) were also studied in SHR after their acute administration. 334 

The intermediate dose (5 mL/kg bw) was the most effective to reduce HTN with similar effects than the 335 

antihypertensive drug Captopril (50 mg/kg bw) (López-Fernández-Sobrino et al. 2021d). In addition, the 336 

antihypertensive effect of the dried WL liquid fraction was also evaluated as alcohol is evaporated during 337 

the drying process. A significant enhanced BP-lowering effect of this dried WL fraction was observed in 338 

SHR administered a single dose of 125 mg/kg bw (equivalent to 5 mL/kg bw) compared to the 339 

corresponding control, being its effect more potent than the one showed by the drug Captopril (López-340 

Fernández-Sobrino et al. 2021d). Moreover, it was discarded a potential hypotensive effect of this WL 341 

liquid fraction and its dried product in WKY at the same dose (5 mL/kg bw and 125 mg/kg bw, respectively) 342 

(López-Fernández-Sobrino et al. 2021c, 2021d).  343 

In addition, enzyme-assisted extraction was used to obtain a WL product with increased phenolic content 344 

and enhanced bioactivities using Flavourzyme® (López-Fernández-Sobrino et al. 2021a). The obtained 345 

hydrolysate contained a higher content of phenolic compounds compared to unhydrolyzed WL liquid 346 

fraction (1.57 times), being anthocyanins and flavanols the most abundant. This hydrolysate showed greater 347 

antioxidant and ACE inhibitory activities and antihypertensive properties than the non-hydrolyzed WL. 348 

Moreover, it is worth mentioning that the BP-lowering effect showed by the hydrolyzed WL (5 mL/kg bw) 349 

was more prolonged than the one produced by Captopril (50 mg/kg bw) (López-Fernández-Sobrino et al. 350 

2021a). Thus, this study demonstrated that enzymatic hydrolysis is a useful methodology to obtain extracts 351 

with enhanced functionalities in WL. The antihypertensive activity of this hydrolysate was also related to 352 

its high amount of anthocyanins and flavanols (López-Fernández-Sobrino et al. 2021a). Other additional 353 

study showed the potential role of peptides in the antihypertensive effect of this WL hydrolysate. 354 

Specifically, the amino acid sequences FKTTDQQTRTTVA, NPKLVTIV, TVTNPARIA, 355 
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LDSPSEGRAPG and LDSPSEGRAPGAD were identified in the hydrolysate and showed antihypertensive 356 

effect at a single dose of 10 mg/kg bw in SHR (Bravo et al. 2022).   357 

Finally, it was also investigated the mechanisms involved in the antihypertensive effect of the dried 358 

Cabernet WL liquid fraction. It was observed an enhanced redox system by the reduction of plasmatic MDA 359 

and hepatic ROS and an increase in both plasmatic NO and hepatic GSH levels (López-Fernández-Sobrino 360 

et al. 2021d). An additional study demonstrated that the antihypertensive effect of WL powder is mediated 361 

by NO and SIRT1. WL phenolic compounds reduced the endothelial expression of Nox4 and Et1, increasing 362 

the availability of vascular NO. Furthermore, WL increased eNos and Sirt1 mRNA levels in the 363 

endothelium. In addition to those results, the antihypertensive effect of WL was partially mediated by PGI2 364 

(López-Fernández-Sobrino et al. 2021b).  365 

Conclusion 366 

Wine industry by-products may be a valuable option as a source for new alternative natural therapeutics 367 

against HTN. In this regard, these products or their derived extracts have shown potent antihypertensive 368 

effects, being NO availability one of the main mechanisms involved. Nevertheless, further investigations 369 

are needed, especially for some of these by-products such as WL, which have only been tested in animal 370 

models. In addition, the use of wine by-products is of particular interest as winery industry generates large 371 

amounts of waste that can be reused, as they are rich in phenolic compounds, contributing to a more 372 

sustainable environment and to the circular economy.  373 
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Table 1. Antihypertensive effects of grapes, wine and winemaking by-products in different animal models and molecular mechanisms 728 

involved in their bioactivity. 729 

Grape source 

Extraction 

condition/ 

Manufacturer 

Experimental 

model 

Dose 

(mg/kg 

bw) 

Administration 

duration 
∆SBP/DBP Action mechanism* Ref. 

Whole grape 

powder 
none 

Sprague-

Dawley rats 

with BSO 

300 3 weeks 20/20 % ↓ ERK-1/2 
(Allam et 

al. 2013) 

Whole grape 

powder 
none SHR 600 10 weeks 8 /11 mmHg n.d. 

(Thandapi

lly et al. 

2012) 

Red wine none 
Wistar rats 

with Ang II 
150 20 days 

~20 

mmHg/n.d. 

↑ Renin 

↓ NOX 

↓ ROS 

(Sarr et al. 

2006) 

Red wine 

polyphenols 

Mr D. Ageron 

(Société 

Francaise de 

Distillerie, 

Vallont 

Pont d’Arc, 

France) 

Wistar rats 

with L-NAME 
40 4 weeks 18%/n.d. ↑ eNOS, NOS activity 

(Pechánov

á et al. 

2004) 

Red pomace Patent method SHR 300 4 weeks n.d 

↑ aorta phosphorylated 

eNOS 

↓ aorta ROS 

(Gerardi 

et al. 

2020b) 

Red pomace 

High 

temperature (50 

ºC) and 

alcoholic 

extraction 

(70:30, 

Ethanol:Water, 

v/v) 

SHR 25 4 weeks 
~25 

mmHg/n.d. 
n.d. 

(Rasines-

Perea et 

al. 2018) 
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Red pomace Patent method SHR 300 4 weeks 
30 

mmHg/n.d. 

↑ NO, Ho-1, Sod2 

↓ Ace, MDA 

(Del Pino-

García et 

al. 2017) 

Skin 

High 

temperature 

(100ºC) and 

alcoholic 

extraction (1:1, 

Ethanol:Water, 

v/v) 

SHR 200 12 weeks 
~60 

mmHg/n.d. 

↑ SOD 

↓ TBARS 

(De Costa 

et al. 

2020) 

Skin 

Aqueous 

solution 

(100ºC, 120 

min)+ ethanol 
and 

ethanol/H2O 
(1:1) fractions 

from ion-
exchange resin 

column 

SHR 200 21 days 11.8 %/- 

↓RA and LA 

↑NIE via P1 (A1 
subtype) receptor  

↓PIE via P2  receptor 

(Bomfim 

et al. 

2019b) 

 

Skin 

Aqueous 

solution 

(100ºC, 120 

min)+ ethanol 
and 

ethanol/H2O 
(1:1) fractions 

from ion-
exchange resin 

column 

Streptozotocin-

induced 

diabetic rats 

200 21 days 11.2 %/- 

↑NIE via P1 (A1 
subtype) receptor  

↓PIE via P2  receptor 
↓P2 (P2X1) receptor 

functionality 

Skin 

High 

temperature 

(100ºC) and 

alcoholic 

extraction (1:1, 

Wistar rats 

with high fat 

diet 

200 180 days 
~30 

mmHg/n.d. 

↑ NO  

↑ SOD, CAT, GPx 

activities 

↓ MDA 

(Emiliano 

et al. 

2011; 

Resende 
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Ethanol:Water, 

v/v) 

et al. 

2013) 

Skin 

Alcoholic 

extraction (1:1, 

Ethanol:Water, 

v/v) 

Pregnancy 

female rats 
200 Chronic n.d./n.d. NO involvement 

(De 

Moura et 

al. 2007) 

Skin 

Alcoholic 

extraction 

(50:50, 

Ethanol:Water, 

v/v) 

Wistar rats 

with L-NAME 

+ GSE 

100 4 weeks 28/12 mmHg 
Implication of NO 

↓ MDA 
(De 

Moura et 

al. 2002) 

 

Skin 

Alcoholic 

extraction 

(50:50, 

Ethanol:Water, 

v/v) 

DOCA-salt + 

GSE 
100 4 weeks 25/57 mmHg 

Implication of NO 

↓ MDA 

Seed 

MegaNatural® 

BP; 

Polyphenolics 

Pregnant 

eNOS-/- 
200 

Gestacional day 
10.5-18.5 

↓SBP 

↓ MDA 

Endothelium-

dependent relaxation 

(Tropea et 

al. 2020) 

Seed 

Les Dérives 

Résiniques et 

Terpéniques  

CHR 25 3 weeks 18/17 mmHg 
↑ GSH, Sirt1 

 ↓Et1 

(Mas-

Capdevila 

et al. 

2020) 

Seed 

JF‐natural 

Corporation 

(Tianjin, 

China) 

Kunming mice 

with L-NAME 
- 3 weeks 

~20/ ~10 

mmHg 

↑ eNOS, NO, SOD 

↓ MDA, ET-1 

(Zhu et al. 

2018) 

Seed 

Les Dérives 

Résiniques et 

Terpéniques  

CHR 25 12 weeks -/- n.d. 

(Pons et 

al. 2017) 

 

 

Seed 

Les Dérives 

Résiniques et 

Terpéniques  

CHR 100 12 weeks -/- n.d. 

Seed 

Les Dérives 

Résiniques et 

Terpéniques  

CHR 200 12 -/- n.d. 
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Seed 

Les Dérives 

Résiniques et 

Terpéniques  

CHR 375 Acute 21/22 mmHg 
Involvement of NO and 

PGI2 

(Pons et 

al. 2016a) 

Seed 

Les Dérives 

Résiniques et 

Terpéniques  

CHR 375 Acute 21/22 mmHg 
↑ eNos, Sirt1 

↓ Nox4, Et1 (Pons et 

al. 2016b) 

 
Seed 

Les Dérives 

Résiniques et 

Terpéniques  

SHR 375 Acute -/- 
Involvement of SIRT1 

 

Seed 

Les Dérives 

Résiniques et 

Terpéniques  

SHR 375 Acute 
35.7/34.5 

mmHg 

↑ PGFα1, 

Involvement of NO and 

PGI2 

(Quiñones 

et al. 

2014) 

Seed 

Les Dérives 

Résiniques et 

Terpéniques  

CHR 375 Acute 
~18/~13  

mmHg 
↓ MDA 

(Pons et 

al. 2014) 

Seed 

Les Dérives 

Résiniques et 

Terpéniques 

(Dax, France) 

SHR 375 Acute 
48/57.4 

mmHg 
↑ GSH 

(Quiñones 

et al. 

2013) 

Seed  
Proanthocyanid

in extract 

Sprague-

Dawley rats 

with ouabain 

250 5 weeks 38.5 mmHg/- 
↑ NO 

↓ ET-1, Tgf-β1 

(Liu et al. 

2012) 

Cabernet 

wine lees 
Liquid fraction SHR 

5 mL/kg 

bw 
Acute 

32.5/32.2 

mmHg 
n.d. 

(López-

Fernández

-Sobrino 

et al. 

2021a) 

 

Cabernet 

wine lees 

Hydrolysis with 

Flavourzyme 
SHR 

5 mL/kg 

bw 
Acute 

35.6/35.2 

mmHg 
n.d. 

Cabernet 

wine lees 
Liquid fraction SHR 

5 mL/kg 

bw 
Acute 

36.4/38.8 

mmHg 
n.d. 

(López-

Fernández

-Sobrino 

et al. 

2021c) 

Cabernet 

wine lees 

Dried liquid 

fraction 
SHR 125 Acute 28/30 mmHg 

↑Sirt1, eNos 

↓ Et1, Nox4 

(López-

Fernández
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Cabernet 

wine lees 

Dried liquid 

fraction 

SHR+L-

NAME 
125 Acute n.d./n.d. Implication of NO 

-Sobrino 

et al. 

2021b) Cabernet 

wine lees 

Dried liquid 

fraction 
SHR+ Sirtinol 125 Acute n.d./n.d. Implication of SIRT1 

Cabernet 

wine lees 

Dried liquid 

fraction 

SHR+ 

Indomethacin 
125 Acute n.d./n.d. Implication of PGI2 

Cabernet 

wine lees 

Dried liquid 

fraction 
SHR 125 Acute 

48.0/42.6 

mmHg 

↑ NO, GSH 

↓ MDA, ROS 

(López-

Fernández

-Sobrino 

et al. 

2021d) 

Abreviatures: ACE (angiotensin-converting enzyme), Ang II (angiotensin II), BSO (buthionine sulfoximine), CAT (catalase), CHR (cafeteria diet-730 
fed hypertensive rats), DOCA (desoxycortisone acetate), ERK-1/2 (extracellular signal-regulated kinases), eNOS (endothelial nitric oxide synthase), 731 
ET-1 (endothelin 1), GPx (gluthatione peroxidase), GSH (reduced glutathione), LA (left atrial functional capacities), L-NAME (Nw-nitro-L-732 
arginine-methyl-ester), MDA (malondialdehyde), NIE (negative ionotropic effect), NO (nitric oxide), NOX4 (NADPH oxidase subunit 4), PGFα1 733 
(prostaglandin f1 alpha), PGI2 (prostacyclin I2), PIE (positive ionotropic effect), RA (right atrial functional capacities), ROS (reactive oxygen 734 
species), SHR (spontaneously hypertensive rats), SIRT1 (sirtuin 1), SOD (superoxide dismutase), TBARS (thiobarbituric acid reactive substances) 735 
n.d.: non-determined  736 
(-): A dash appears when the specific blood pressure drop is not specified. 737 
  738 
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Table 2. Antihypertensive effects of grapes, wine or winemaking by-products in humans and molecular mechanisms involved in their 739 

bioactivity. 740 

Model Grape source 

Extraction 

condition/ 

Manufacturer 

Dose 
Administration 

duration 
∆SBP/DBP Action mechanism Ref. 

Men with high 

cardiovascular 

risk 

Dealcoholized 

red wine 
none 

272 

mL/day 
4 weeks 

5.8/2.3 

mmHg 
NO 

(Chiva-

Blanch et 

al. 2012) 

Healthy men Red wine none 
8.1± 0.9 

dL 
Acute n.d. ↓ ET-1 

(Kiviniem

i et al. 

2010) 

 
Healthy men 

Dealcoholized 

red wine 
none 

8.1± 0.9 

dL 
Acute n.d. ↓ ET-1 

Adults with 

high 

cardiovascular 

risk 

Pomace n.e 2 g/day 6 weeks 
16.75 % in 

MAP 
n.d 

(Taladrid 

et al. 

2022b) 

Men with 

metabolic 

syndrome 

Pomace none 20 g/day 16 weeks 
4.3/5.3 

mmHg 
n.d. 

(Urquiaga 

et al. 

2015) 

Adults with 

mild HTN 
Seed 

Enovita®; 

Indena 

150 

mg+150 

mg 

(breakfast 

and 

dinner) 

16 weeks 

4.6/3.2 mm 

Hg (only in 

men) 

n.d 
(Schön et 

al. 2021b) 

Pre-

hypertensive 

middle-aged 

Japanese men 

and women 

Seed 

Gravinol®; 

Kikkoman 

Biochemifa 

Company 

400 

mg/day 
12 weeks 

13.1/6.5 

mmHg 
n.d. 

(Odai et 

al. 2019) 

Pre-

hypertensive 
Seed 

MegaNatural® 

BP; 

Polyphenolics 

300 mg + 

exercise 
Acute 

↓SBP/↓DBP/

↓MAP 

↑endothelial function 

(FMD) 

(Kim et 

al. 2018) 
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and sedentary 

men 

Pre-

hypertensive 

men and 

women 

Seed 

MegaNatural® 

BP; 

Polyphenolics 

300 

mg/day 
6 weeks 9/4 mmHg n.d. 

(Park et 

al. 2016) 

Middle-aged 

women 
Seed 

Gravinol®; 

Kikkoman 

Biochemifa 

Company 

100 or 

200 

mg/day 

8 weeks ↓SBP/↓DBP n.d 

(Terauchi 

et al. 

2014) 

Adult female 

with pre-HTN 

or stage 1 HTN  

Seed 
Enovita®; 

Indena 

300 

mg/day + 

managem

ent plant 

16 weeks 
29/6.6 

mmHg 
n.d 

(Belcaro 

et al. 

2013) 

Adult female 

with pre-HTN 

or stage 1 HTN  

Seed 
Enovita®; 

Indena 

150 

mg/day + 

managem

ent plant 

16 weeks 
18/3.6 

mmHg 
n.d 

(Belcaro 

et al. 

2013) 

Adults with 

pre-HTN 
Seed 

MegaNatural® 

BP; 

Polyphenolics 

300 

mg/day 
8 weeks 8/5 mmHg n.d 

(Kappago

da 2012) 

Adults with 

metabolic 

syndrome 

Seed 

MegaNatural® 

BP; 

Polyphenolics 

150 

mg/day 
4 weeks 11/6 mmHg n.d. 

(Sivaprak

asapillai 

et al. 

2009) 

Adults with 

metabolic 

syndrome 

Seed 

MegaNatural® 

BP; 

Polyphenolics 

300 

mg/day 
4 weeks 11/7 mmHg n.d. 

(Sivaprak

asapillai 

et al. 

2009) 

Hypertensive 

patients 

Grape 

polyphenols 
n.e 

150-1400 

mg/day 
2-16 weeks 

1.48 /- 

mmHg 
↑ NO 

(Li et al. 

2015) 

Adults men 

with metabolic 

syndrome 

Grape 

polyphenols 
n.e 40 g/day 30 days 6/0 mmHg ↑ NO 

(Barona et 

al. 2012) 
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Adults with 

different 

pathologies 

(Meta-analysis; 

28 studies) 

Grape products 

and by-

product-

derived 

extracts 

- - chronic 3.4/1.69 n.d 

(Asbaghi 

et al. 

2021b) 

Abreviatures: BP (blood pressure), ET-1 (endothelin 1), FMD (flow-mediated dilatation), HTN (hypertension), MAP (mean blood pressure), NO 741 
(nitric oxide), n.d (non-determined), n.e (non-explained)   742 
(-): A dash appears when the specific blood pressure drop or the extraction method are not specified. 743 
 744 
 745 
 746 
  747 
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Figure 1. Effects of phenolic compounds from winery by-products on endothelium.  748 

 749 

Green and red arrows represent stimulatory/upregulation or inhibitory/downregulation effects of winery by-product phenolic compounds on different 750 

endothelial function components. Vasorelaxant enzymes and molecules are represented in green and vasoconstrictor enzymes and molecules in red. 751 

ACE: angiotensin-converting enzyme; Ang: angiotensin; AT1R: Angiotensin type-1 receptor; cAMP: cyclic adenosine monophosphate; CAT: 752 

catalase, cGMP: cyclic guanosine monophosphate; COX: cyclooxygenase; ECE: endothelin-converting enzyme; ET-1: endothelin 1; ETA: 753 

endothelin receptor A; ETB: endothelin receptor B; eNOS: endothelial nitric oxide synthase; GCS: gamma-glutamylcysteine synthetase, GST: 754 

glutathione S-transferase, GR: glutathione reductase, GSH: reduced glutathione, GSSG: glutathione disulfide, GPx: glutathione peroxidase, IPR: 755 

prostaglandin receptor, L-Arg: L-arginine; NADPH: nicotinamide adenine dinucleotide phosphate;  NOX-4: nicotinamide adenine dinucleotide 756 

phosphate-oxidase 4; NO: nitric oxide; PGI2: prostaglandin I2 or prostacyclin; PGI2S: Prostaglandin I2 synthase; ROS: reactive oxygen species; 757 
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SIRT-1: Sirtuin 1; SOD: superoxide dismutase.  * indicates that the effects of winery by-products on the different enzymes have not been directly 758 

evidenced in endothelial cells. 759 

 760 
 761 
 762 

 763 


