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Abstract: Wine and by-products of the winemaking process, such as grape stems, are rich in bioac-

tive polyphenolic compounds that might be beneficial for animal and human health. In recent years, 

the administration of dietary polyphenols with strong antioxidant and cytoprotective properties has 

constituted an emerging line of research interest toward disease prevention. However, in scientific 

literature, only a limited number of studies have investigated the safety and the toxicological risks 

of polyphenolic compounds in vivo. Based on the above, the purpose of the present study was two-

fold: first, to examine the effects of oral administration of a grape stem extract, derived from the 

Greek red wine Mavrodaphne, on mice redox biomarkers; and second, to investigate the biological 

effects of oral administration of a wine extract, derived from the emblematic Greek red wine 

Xinomavro, on rats. Toward this purpose, body weight, growth rate, hematological, biochemical, 

and histopathological parameters, as well as a panel of redox biomarkers, were examined. Accord-

ing to our results, the administration of Mavrodaphne grape stem extract in mice induced altera-

tions in redox homeostasis, preventing mice from the adverse effects of lipid peroxidation. Contra-

riwise, the administration of Xinomavro wine extract induced both beneficial and harmful outcomes 

on rat redox status determined by the examined tissue. Collectively, our study reports that the 

Mavrodaphne grape stem extract, a serious pollutant when disposed in environmental matrices, is 

an important source of bioactive polyphenolic compounds that could protect from oxidative dam-

age and improve animal and human health. Finally, the Xinomavro wine extract exerts tissue-spe-

cific changes in redox balance, which are indicative of the complexity that characterizes the biolog-

ical systems. 

Keywords: antioxidants; polyphenols; redox biomarkers; toxicological study; wine extract 

 

1. Introduction 

Polyphenols comprise a large group of bioactive phytochemical compounds with po-

tent antioxidant and cytoprotective properties that are present in large quantities in plant-

based foods [1–13]. In the scientific literature, a multitude of in vitro and in vivo studies 

have stressed their beneficial properties for human health. More specifically, previous 

publications have clearly demonstrated that polyphenols possess antioxidant, anti-in-

flammatory, anti-allergic, and vasodilatory properties [14,15], providing strong protec-

tion against cardiovascular diseases, arthropathies, neuropathies, and diabetes mellitus 

[2,10,15–28]. Furthermore, polyphenols participate in the metabolism of lipids and lipo-

proteins [4,6,29] and are considered as platelet accumulation inhibitors [20,25,30]. In ad-

dition, they have anti-tumor functions [12,23,26,28,31–33] and exhibit protective effects 
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against sunburn and photoaging by reducing the damage of ultraviolet A (UVA) and ul-

traviolet B (UVB) radiation on skin [34–37]. 

By virtue of the aforementioned properties, polyphenols have attracted considerable 

scientific interest toward disease prevention, administrated as dietary supplements or 

through the enrichment of daily diet with polyphenol-rich natural foods. However, their 

toxicological safety, as well as their polyphenol-induced metabolic alterations, have not 

been thoroughly described. 

A limited number of in vivo studies have examined the toxicological profile and eval-

uated the safety of polyphenol-rich foods, indicating minimal to no side effects. For in-

stance, the median lethal dose (LD50) of Gelidium elegans extract is possibly greater than 

5000 mg/kg, and its repeated oral administration in rats for 14 days and for 13 weeks is 

considered safe. The no-observed-adverse-effect level (NOAEL) has been determined at 

2000 mg/kg/day [38]. Furthermore, the oral administration of Clovinol, a polyphenolic 

extract of clove buds, in rats for 14 days at a dose of 5 g/kg body weight is considered safe. 

Following a 90-day sub-chronic study of oral administration in rats, the NOAEL was de-

termined at 1000 mg/kg body weight/day [39]. In addition, after a 90-day sub-chronic 

study of oral administration of purified blueberry polyphenols in ovariectomized Spra-

gue-Dawley rats, the NOAEL was determined at 1000 mg total polyphenols/kg body 

weight/day [40]. According to a 90-day sub-chronic study of the oral administration of 

Vaccinium virgatum powdered leaves in male and female rats, a dose of 2500 mg/kg body 

weight is considered safe [41]. Moreover, following a 90-day oral administration of green 

tea catechins in rats, the NOAEL was determined to be 764 mg/kg body weight/day for 

males and 820 mg/kg body weight/day for females [42]. In addition, the determination of 

acute oral toxicity of a grape seed and peel extract in rats showed that the LD50 is higher 

than 5000 mg/kg [43]. Finally, the sub-chronic oral administration of an extract derived 

from grape peel and/or grape seeds in rats is considered safe under the specific experi-

mental setup [44–46]. The NOAEL for male rats has been determined to be 600 mg/kg/day 

[44]. 

Wine, an alcoholic beverage derived from the fermentation process of grape juice, 

contains a wide variety of water-soluble polyphenols, divided in two main categories: fla-

vonoids, such as flavanols, flavonols, and anthocyanins; and non-flavonoids, such as 

phthalic acids, tannins, and polishes [16,33]. Red grapes and wines are particularly rich in 

anthocyanins, accumulated in grape skin, whereas white grapes are mainly rich in fla-

vanols [47]. The longer period of time that the red juice remains in contact with the grape 

skins and seeds contributes significantly to the higher polyphenolic content of red wines, 

ranging from 1800 to 3000 mg/L, as compared to the white wines [48]. 

Xinomavro is an emblematic Greek red wine produced from a red grape variety 

planted mainly in Central and Northern Greece. The assessment of the antioxidant capac-

ity of a wine extract derived from Xinomavro by a recent study of our research group has 

demonstrated that the wine extract contains high levels of polyphenolic compounds and 

exerts strong antioxidant and antimutagenic activities in in vitro cell-free systems [49]. 

Therefore, the elucidation of its bioactivity at higher levels of complexity, i.e., cell-based 

and in vivo systems, could provide valuable insights into its potential applications in the 

food and pharmaceutical industries. 

Grape stems, by-products of winemaking process, also contain high concentrations 

of bioactive phytochemicals. It is worth mentioning that the levels of their polyphenolic 

compounds are significantly higher than those of the grapes and of the produced wines 

[50]. However, these by-products have no industrial use and contain high pollution load, 

thus causing harmful effects, such as mortality, on susceptible organisms in adjacent lakes 

or rivers [51–53]. Their disposal in environmental matrices can cause serious ecotoxico-

logical problems, such as phytotoxicity and eutrophication, degrading the aquatic ecosys-

tems. In Greece, the total amount of grape stems remaining after vinification, is approxi-

mately equal to 25,000 tons annually. Hence, the assessment of the safety of polyphenol-

rich grape stems for target animal species and their incorporation in animal nutrition 
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could reduce feeding costs, improve animal health status, and contribute to the manage-

ment of winery industry waste with a significant environmental impact. 

Interestingly, previous studies of our research group have investigated the redox-

related properties of a grape stem extract derived from Mavrodaphne in in vitro cell-free 

and cell-based systems [50,54]. Mavrodaphne is an emblematic wine of the Greek vine-

yard, produced from a red grape variety planted mainly in Northern Peloponnese and on 

Kefalonia Island. These studies have demonstrated that the grape stem extract possesses 

potent antioxidant and antimutagenic properties; however, it does not cause any effects 

on the cellular redox state when administered at non-cytotoxic doses. 

Accordingly, the present study has two main objectives; first, to investigate the ef-

fects of 28-day oral administration of Mavrodaphne grape stem extract on mice tissue re-

dox biomarkers; and second, to investigate the effects of 14-day oral administration of 

Xinomavro wine extract on physiological, biochemical, histopathological, and redox pa-

rameters in rat blood and tissues. Toward this purpose, the Mavrodaphne grape stem ex-

tract was used for the enrichment of a feeding biscuit and administered to mice at a dose 

of 155.9 mg/kg of body weight/day. On the contrary, the Xinomavro wine extract was 

administered to rats at a dose of 25 mg of polyphenols/kg of body weight/day, corre-

sponding to a typical human consumption of two glasses of wine/day. 

2. Results 

2.1. Effects of Mavrodaphne Grape Stem Extract on Mice Redox Biomarkers 

The effects of Mavrodaphne grape stem extract on mice tissue redox biomarkers are 

illustrated in Figure 1. The reduced form of glutathione (GSH) and total antioxidant ca-

pacity (TAC) levels were statistically decreased in the kidney and stomach of the treated 

group compared to the untreated group. The thiobarbituric acid reactive substances 

(TBARS) levels were statistically decreased in the kidney, small intestine, and stomach of 

the treated group in comparison with the untreated group. 

 

Figure 1. Effects of Mavrodaphne grape stem extract on GSH, TBARS, and TAC levels of mice tis-

sues. *: Statistically significant difference compared to the untreated group (p < 0.05). 

2.2. Effects of Xinomavro Wine Extract on Rat Redox Biomarkers 

The administration of Xinomavro wine extract statistically increased GSH levels in 

the pancreas, spleen, small intestine, large intestine, testicles, and quadriceps of the 

treated group compared to the untreated group. The TAC levels were statistically de-

creased in the eyes, lungs, stomach, testicles, and quadriceps and statistically increased in 

the large intestine and kidney of the treated group compared to the untreated group (Fig-

ure 2). 
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Figure 2. Effects of Xinomavro wine extract on GSH and TAC levels of rat blood and tissues. *: 

Statistically significant difference compared to the untreated group (p < 0.05).**: Statistically signifi-

cant difference compared to the untreated group (p < 0.01), ).***: Statistically significant difference 

compared to the untreated group (p < 0.001). 

The TBARS levels were statistically increased in the brain, spleen, kidney, and small 

intestine and statistically decreased in the lungs, liver and, testicles of the treated group 

in comparison with the untreated group. Protein carbonyls were not affected (Figure 3). 

 

Figure 3. Effects of Xinomavro wine extract on TBARS and protein carbonyl levels of rat blood and 

tissues. *: Statistically significant difference compared to the untreated group (p < 0.05).**: Statisti-

cally significant difference compared to the untreated group (p < 0.01)). ***: Statistically significant 

difference compared to the untreated group (p < 0.001)). ****: Statistically significant difference com-

pared to the untreated group (p < 0.0001). 

The hydrogen peroxide (H2O2) decomposition rate was statistically decreased in the 

heart and liver and statistically increased in the kidney of the treated group compared to 

the untreated group. The superoxide dismutase (SOD) activity was statistically decreased 

in the eyes, spleen, large intestine, and testicles and statistically increased in the pancreas 

of the treated group in comparison with the untreated group (Figure 4). 
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Figure 4. Effects of Xinomavro wine extract on H2O2 decomposition rate and SOD activity of rat 

blood and tissues. *: Statistically significant difference compared to the untreated group (p < 0.05). 

The glutathione peroxidase (GPx) activity was statistically decreased in the eyes of 

the treated group compared to the untreated group. The glutathione reductase (GR) ac-

tivity was statistically decreased in the brain of the treated group compared to the un-

treated group (Figure 5). 

 

Figure 5. Effects of Xinomavro wine extract on GPx and GR activity of rat blood and tissues. *: Sta-

tistically significant difference compared to the untreated group (p < 0.05). 

2.3. Effects of Xinomavro Wine Extract on Rat Body Weight and Growth Rate 

The daily oral administration of Xinomavro wine extract at a dose of 25 mg of poly-

phenols/kg body weight (BW) did not cause any adverse effects or mortality during the 

experimental period. The body weight of the treated group increased from 369.17 ± 22.96 

gr on the 1st day to 396.33 ± 23.21 gr on the 14th day. The body weight of the untreated 

group increased from 370.17 ± 13.53 gr on the 1st day to 397.17 ±13.66 gr on the 14th day. 

The growth rate was 1.94 ± 0.12 gr/day for the treated group and 1.93 ± 0.05 gr/day for the 

untreated group. No significant differences on body weight and growth rate were ob-

served between the treated and untreated groups. In addition, the food and water con-

sumption did not differ in both groups. 

2.4. Clinical Examination 

During the administration of Xinomavro wine extract, daily clinical examination and 

observation were carried out. No deviations were observed among experimental animals 
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in the same group or between different groups. In addition, during neurological testing 

on days 1-7 and day 14, no pathological findings were observed in both groups. 

2.5. Effects of Xinomavro Wine Extract on Rat Hematological and Clinical Chemistry 

Parameters 

The blood results are illustrated in Table 1. The results of the total blood analysis 

ranged between the normal limits described in the literature for the race, sex, and age of 

the rats. Furthermore, there were no statistically significant differences between groups. 

Table 1. Results of the analyses of rat blood parameters. Values are expressed as mean ± SD. 

Blood Parameters 

(unit) 

Control Group 

n = 6 

Extract 

Group 

n = 6 

Red blood cells (RBC)(M/μL) 8.63 ± 0.45 8.42 ± 0.21 

Hemoglobin (HGB) (gr/dL) 15.97 ±0.75 15.46 ± 0.58 

Μean corpuscular volume volume (MCV)(fl) 50.63 ± 0.79 50.64 ± 1.51 

Mean corpuscular hemoglobin (MCH) (pg) 16.58 ± 0.15 16.42 ± 0.83 

Mean corpuscular hemoglobin concentration (MCHC) (gr/dL) 32.78 ± 0.60 32.40 ± 0.72 

Hematocrit (HCT) (%) 44.78 ± 2.94 45.68 ± 1.19 

White blood cells (WBC)(K/μL) 5.78 ± 0.92 5.34 ± 2.34 

Neutrophils (K/μL %) 19.77 ± 2.74 26.24 ± 9.82 

Lymphocytes (K/μL % 75.67 ± 2.52 70.10 ± 9.99 

Monocytes (K/μL %) 2.37 ± 0.23 2.08 ± 0.34 

Eosinophils (K/μL %) 1.37 ± 0.60 0.86 ± 0.38 

Basophils (K/μL %) 0.70 ± 0.15 0.62 ± 0.08 

Platelets (PLT) (K/μL) 656.33 ± 65.48 645.80 ± 102.47 

Μean platelets volume (MPV) (fl) 7.62 ± 0.56 8.34 ± 0.56 

The results of the clinical chemistry parameters are illustrated in Table 2. The admin-

istration of Xinomavro wine extract did not affect the clinical chemistry parameters meas-

ured in both groups, and the values ranged between those described bibliographically. 

Table 2. Results of the analyses of rat clinical chemistry parameters. Values are expressed as mean 

± SD. 

Blood Serum Results 
Control Group 

n = 6 

Extract Group 

n = 6 

Total proteins (gr/dL)  6.7 ± 0.21 6.68 ± 0.23 

Albumin (g/mL) 4.32 ± 0.12 4.3 ± 0.10 

Urea (mg/mL) 15.17 ± 4.96 14.33 ± 5.86 

Creatinine (mg/mL) 0.6 ± 0 0.47 ± 0.06 

Alanine-aminotransferase (ALT) (U/lit) 200.33 ± 11.5 250.67 ± 53.45 

Alkaline phosphatase (ALP) (U/lit) 53.17 ± 5.27 51 ± 1.41 

Gamma-glutamyl transferase (GGT)(U/lit) 0 0 

2.6. Gross Necropsy 

At the end of the study, the rats underwent a detailed post-mortem examination of 

the internal organs, which showed no differences among size, color, texture, and compo-

sition. The content of the hollow organs was normal for all animals in both groups. In 

addition, the cavities were normal, without any pathological fluid concentration. Hair, 

skin, mucous membranes, eyes, and external genitalia did not have lesions, as well. 
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2.7. Histopathological Assessment 

No lesions related to the administration of Xinomavro wine extract were observed 

during the histopathological evaluation of the collected organs. However, lesions on the 

lungs were found in both groups. These lesions were characterized by an increase in peri-

vascular mononuclear cells (mainly lymphocytes), localized around the medium-sized ar-

teries throughout the lungs and extending sometimes to the peribronchiolar areas. In ad-

dition, focal infiltrates of mixed inflammatory cells (macrophages, lymphocytes, and oc-

casionally neutrophils) were detected in the median space and in the alveoli. No evidence 

of infectious agents was found during histological examination. The results are described 

in Table 3. Table 4 describes the severity of those lesions. The statistical analysis of the 

data from lung examination showed no difference between groups. Typical lung lesions 

found in treated and untreated group are shown in Figure 6 and Figure 7, respectively. 

 

Figure 6. Histology image of untreated rat lung. 

 

Figure 7. Histology image of treated rat lung. 
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Table 3. Histology type of lesions in lungs. 

Lung 

Type of Lesions 

Control Group 

n = 6 

Extract Group 

n = 6 

Architecture  - 1 - 

Cell degeneration/necrosis  - - 

Inflammatory filtration  4 2 4 

Hemodynamic damage  - - 

Cell growth disorders  - - 
1 Lack of lesions; 2 number of rats with specific type of lesions. 

Table 4. Severity of lesions in lungs. 

Lung 

Severity 

Control Group 

n = 4 

Extract Group 

n = 4 

Minimum - - 

Mild 3 1 2 

Medium 1 2 2 

Serious  - - 
1 Number of rats with mild lesions; 2 number of rats with medium lesions. 

3. Discussion 

This two-fold study examined , first, the effects of 28-day oral administration of 

Mavrodaphne grape stem extract on mice redox biomarkers and, second, the effects of 14-

day oral administration of Xinomavro wine extract on body weight, growth rate, clinical, 

biochemical, histopathological, and redox parameters in rats. The grape stem extract of 

Mavrodaphne was administered at a dose of 155.9 mg/kg body weight/day for 28 days. 

This concentration was based on phytochemical analysis, corresponding to 32 mg poly-

phenols/kg body weight/day, a dose previously used by Priftis et al. as a safe dose that 

did not induce any adverse effects [55]. The selected dose for Xinomavro wine extract was 

25 mg polyphenol/kg BW/day. The previous dosage scheme was selected as it corre-

sponds to a daily red wine consumption, of the chosen grape variety of 5.1 mL/kg body 

weight, which is equivalent to the consumption of almost two glasses of wine/day. Wine 

from the red grape variety Xinomavro was selected to be evaluated as it was observed to 

have the highest concentration of polyphenolic compounds as compared to other varieties 

of red and white wines. The duration of the study was 14 days to determine primary con-

clusions on the safety of the substance, to carry out more extensive studies in the future 

in accordance with OECD guidelines. None of the tested parameters revealed any signif-

icant changes, except for the redox biomarkers. 

Particularly, the levels of GSH, the most important endogenous antioxidant mole-

cule, TAC, and TBARS, were determined in mice kidney, quadriceps, small intestine, liver, 

and stomach following 28 days of administration of Mavrodaphne grape stem extract. The 

results revealed that the levels of GSH and TAC were decreased in the kidney and stom-

ach of the treated group. Nevertheless, Mavrodaphne grape stem extract acted protec-

tively against lipid peroxidation, as indicated by the decreased TBARS levels in the kid-

ney, small intestine, and stomach. These findings render the grape stem extract from 

Mavrodaphne as a promising antioxidant agent with protective properties against lipid 

peroxidation; however, its potential use as an additive of bio-functional animal feed re-

mains under investigation. The paradox obtained in this study lies in the fact that whereas 

the TAC and GSH levels were decreased, the polyphenolic extract of Mavrodaphne grape 

stems did also act protectively against lipid peroxidation, as indicated by the reduced 

TBARS levels. These active and unstable lipid peroxides are formed and can be expressed 

as equivalents of malondialdehyde (MDA) [33,56]. The kidney and stomach of mice 

treated with the Mavrodaphne grape stem extract showed decreased TBARS levels, which 

is in agreement with some previous studies that examined the effects of another by-
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product of winery industry, i.e., grape pomace, on broilers vital organs [16]. Kidney and 

stomach of the treated mice revealed decreased GSH levels. These can be affected by a 

change in the activity of the enzymes that participate in its biosynthetic rate, i.e., γ-glu-

taminocysteine ligase (γ-GCL) and glutathione synthetase (GS), or by a change in the ac-

tivity of the enzymes that participate in its recycling rate, i.e., glutathione reductase (GR) 

and glutathione peroxidase (GPx) [55,57,58]. The regulation of the expression of these en-

zymes can affect the levels of endogenous GSH [59,60]. Furthermore, TAC levels were 

found decreased in kidney and stomach of the mice treated with Mavrodaphne grape 

stem extract. Total antioxidant capacity refers to the ability of tissue antioxidant compo-

nents to neutralize the excess of free radicals. The main advantage of this biomarker is 

that it determines the antioxidant capacity of a biological sample as a whole and not just 

of a single antioxidant [61,62]. Previous literature has demonstrated that the consumption 

of an animal feed enriched with polyphenolic compounds from grapes enhances the total 

antioxidant activity in vital organs of farm animals [57,63,64]. To the best of our 

knowledge this is the first study to investigate the effects of Mavrodaphne grape variety 

by-products in these species. 

Regarding the results obtained after the oral administration of Xinomavro wine ex-

tract in rats, significant changes were revealed between the group treated with the wine 

extract and the untreated group. The rats’ tissues that exhibited the most prominent re-

sults were the pancreas, spleen, small intestine, large intestine, testicles, and quadriceps, 

which showed notably increased GSH levels after the oral administration of the polyphe-

nolic wine extract. Kidney and large intestine tissues revealed high endogenous TAC lev-

els after the oral administration. The administration of the wine extract protected the 

lungs, liver, large intestine, and testicles against lipid peroxidation. On the contrary, the 

eyes, stomach, and lungs showed deregulated antioxidant defense mechanisms, sup-

ported by the lower TAC levels in the wine extract-treated rats as compared to the un-

treated. Lower GPx activity was found in the eyes of the experimental group. Brain tissue 

also revealed a redox imbalance, depicted by the higher lipid peroxidation levels and the 

lower GR activity in the wine extract-treated rats. Spleen tissue followed the same pattern 

of increased lipid peroxidation levels and decreased SOD enzyme activity. Kidney tissue 

showed increased lipid peroxidation levels and increased H2O2 decomposition rate. Pre-

viously, rat kidney showed diminished lipid peroxidation and elevated GSH/GSSG ratio, 

activity of CAT and GPx during exposure to a wine rich in flavanol for 10 weeks [65]. 

Grape skin, also a by-product of winery industry, was found to improve antioxidant ca-

pacity in rats fed with a high-fat diet, evidenced by the increased serum total antioxidant 

status and the enzymatic activities of hepatic catalase and superoxide dismutase, xanthine 

oxidase, and glucose-6-phosphatase [66]. In a similar experimental model, a grapevine 

leaf extract was also found to induce beneficial effects [67]. 

Histopathology assessment did not reveal any significant alterations between the 

treated and the untreated group. These findings are in line with other studies testing pol-

yphenols from extracts of grapes (seeds and peel) [44–46] or trans-resveratrol (a specific 

polyphenol from wine) [56]. To our knowledge, the safety of polyphenolic mixtures con-

tained in wine has not been studied yet. In a 28-day toxicological study in rats with daily 

oral administration of a polyphenol contained in wine, namely trans-resveratrol, at a dose 

of 20 mg/kg, no adverse histopathology reactions were present [56]. 

Furthermore, our results revealed that the oral administration of polyphenols for a 

duration of 14 days at a dose of 25 mg/kg in rats did not affect the final body weight or 

the average growth rate. Oral studies of trans-resveratrol (as a component of wine) indi-

cate that no change in body weight or average growth rate was observed compared to the 

control group [28,29,56]. In addition, Wilson et al. [24] reported that there was no differ-

ence in body weight and food consumption between rabbits receiving an hypercholester-

olemic diet containing trans-resveratrol and controls. Similarly, sub-chronic studies with 

extracts from seeds and grape peel have confirmed that there were no significant differ-

ences in rat’s growth [44,68]. These results reinforce the findings that polyphenol extract 
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from red wine exerts no effects on growth. During administration, no clinical findings 

were observed in accordance with studies carried out for longer periods with extracts 

from individual parts of grapes [43–46,68,69]. 

The hematological parameters showed no differences between the treated and un-

treated groups, and the values were within the reference values proposed for the breed, 

sex, and age of the examined animals [70]. The ALT and ALP levels, which indicate liver 

damage, did not differ between groups. The values of the parameters determining renal 

function (urea and creatinine) did not show a statistically significant difference between 

the group receiving the extract and the untreated group and were within the reference 

values. The above findings are similar to studies in which a single polyphenol or extracts 

from individual parts of grapes have been administered [43–46,56,68,69]. 

Examination of vital organs performed during the gross necropsy revealed no 

changes between the study groups. During histological examination, lesions were ob-

served in tissues taken from lungs in both experimental groups. It should be noted that 

during the necropsy, there were no apparent changes in the size, color, texture, or com-

position of the lungs. These lesions were characterized by an increase in perivascular mon-

onuclear cells (mainly lymphocytes), localized around the medium-sized arteries 

throughout the lungs and extending sometimes to the peribronchiolar areas. In addition, 

focal infiltrates of mixed inflammatory cells (macrophages, lymphocytes, and occasionally 

neutrophils) were noted in the median space and in the alveoli. The statistical analysis 

showed no difference between groups as far as the occurrence and the intensity of the 

lesions. The dominant presence of lymphocytes refers to chronic inflammation. The above 

data led us to conclude that the inflammation predated the onset of experimentation and 

is not related to the administration of the wine extract. Bibliographic data suggest that 

similar lesions on lungs are common in laboratory animals, at a rate of at least 50% rate, 

and may be due to several infectious agents [71,72]. In addition, it has been stated that 

although laboratory animal suppliers guarantee the absence of pathogens, similar lesions 

on laboratory animals’ lungs have been revealed during sampling examination, before 

experimentation, which tend to limit themselves as rats mature in age [73,74]. One-year-

old rats are mostly free of lesions. The increased presence of the above lesions at the first 

few weeks of life is probably due to the immature immune system of rats, which, as it 

matures, explains the tendency for progressive reduction of the observed lesions. Infec-

tious agents have also not been found during histological examination. Based on the 

above, the dose of 25 mg/kg/day of polyphenols from the administered wine extract ap-

pears to be low enough to cause lesions on vital organs. 

4. Materials and Methods 

4.1. Chemical Composition and Dose Preparation 

In the first experiment, grape stems from Mavrodaphne grape variety were collected 

from a winery named Ampelones Kolipera in Patras, and the extract was prepared as pre-

viously described [50]. The chemical composition of Mavrodaphne grape stem extract was 

determined using HPLC analysis, and the results were presented thoroughly in the pre-

vious publication. Then, the grape stem extract was used for the enrichment of a feeding 

biscuit, the composition of which is described in Table 5. Based on a phytochemical anal-

ysis, the concentration of the grape stem extract corresponded to 32 mg polyphenols/kg 

body weight/day, a dose previously used by Priftis et al. [55].  
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Table 5. The composition of the enriched feeding biscuit. 

A/A Ingredients  Quantity  

1 Whey protein 80% (sheep goat) 4000 kg 

2 Debatted cocoa powder 3500 kg 

3 Coconut sugar 3000 kg 

4 Pasteurized egg white 2600 kg 

5 Olive oil 2400 lt  

6 Coconut oil 2300 lt  

7 Carob flour 2000 kg 

8 Carob honey 1500 kg 

9 Grape stem extract 0.155 kg 

10 Sodium bicarbonate 0.150 kg 

     

  Total 21,605  

In the second experiment, the Xinomavro wine extract variety was used. The wine 

was condensed into Rotavapor until half its volume was reduced to ensure the complete 

removal of alcohol naturally contained in wine, since its presence prevents the retention 

of the polyphenols from the used resins. Then, adsorption polymer resins (Amberlite® 

XAD-4, Supelco, Bellefonte, PA, USA) were used. For the recovery of the polyphenols, 

ethanol was used as an organic solvent. Finally, the sample drought in Rotavapor until 

lyophilization and complete removal of solvents, as previously described [49]. Afterward, 

the dry weight of the final product was determined. The analysis showed that a bottle of 

Xinomavro wine (750 mL) contained 3.88 g of phenolics, corresponding to a yield of phe-

nol of 0.51% (per 100 mL of wine). The dose was set at 25 mg of polyphenols per kg of 

body weight. Since the extract was 26.7% polyphenolic compounds, 34.5 mg of the extract 

were required for each rat per day (93.2 mg of extract/kg/day). To calculate the doses, the 

mean body weight value of rats at the beginning of the experiment was used. The doses 

were prepared by dissolving 34.5 mg of extract in 1.5 mL of distilled water, which was 

administered daily to the drinking water of rats. Regarding the control group, correspond-

ing doses of 1.5 mL of distilled water were prepared. 

4.2. Animals and Housing Conditions 

In the first experiment, 4-month-old male C57BL/6 mice (25–32 g BW) were housed 

in the animal care facility of the University of Patras at standard laboratory conditions 

(12:12 h of light and darkness, free access to food and water) (Permission code: EL-13-

BIOexp-04). The protocol was approved by the Research Ethics Committee based on the 

University’s Code of Ethics and Deontology in Research (Permission code: REC-6207). 

Mice were randomly divided into two groups (10–12 mice per group): the control (vehicle) 

and treated group (extract). The grape stem extract of Mavrodaphne was dissolved in 10% 

dimethyl sulfoxide (DMSO) and 10% cremophor EL in drinking water and was adminis-

tered orally (gavage), immediately after dissolution, at a dose of 155.9 mg/kg body 

weight/day for 28 days. Twenty-four hours after the last administration of each feed, ani-

mals were anesthetized with isoflurane and sacrificed, and the peripheral tissues were 

isolated. 

In the second experiment, 12 male Wistar rats, aged 20 weeks, were used from Clin-

ical Pharmacology, School of Medicine, Aristotle University of Thessaloniki. Τhe rats were 

randomly divided into two groups of 6 individuals each. They were housed in cages, in 

groups of 3, at a temperature of 22 ± 2 °C, with relative humidity of 40–70% and artificial 

lighting with a 12 h photoperiod of day/night. This was followed by an adjustment period 

of one week to acclimatize with the members of each cage group. The extract was admin-

istered daily at the same time via potable water for 14 days. In one group, 1.5 mL of 
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distilled water was administered with drinking water and served as the control group, 

while in the second group, 1.5 mL of solution of distilled water and wine extract was ad-

ministered considered as test group. During the experiment, water, and dry food (pellets) 

intended for laboratory animals were provided daily and ad libitum. Each animal was 

labeled with an ecological color on the coat to be identified. The experiment was per-

formed in the animal facility of the laboratory of Clinical Pharmacology, School of Medi-

cine, Aristotle University of Thessaloniki in accordance with the Helsinki Declaration and 

National standards (Permission code: EL-54-BIOexp-04). The experimental protocol was 

approved by the National Veterinary Administration authorities (License No.: 

47667(198)). All animals were treated in accordance with the guiding principles of the Eu-

ropean Community Council Directive (89/609/EEC) for the care and use of laboratory an-

imals. At the end of the experiment, the rats were fasted overnight and anesthetized with 

isoflurane. 

4.3. Redox Biomarkers 

4.3.1. Tissue Homogenization 

Tissue samples were homogenized using a Minilys homogenizer (Bertin Instru-

ments, Montigny-le-Bretonneux, France). Briefly, into homogenization tubes, 200–250 mg 

of each tissue and 600–750 μL of a solution comprising phosphate-buffered saline (PBS) 

and protease inhibitors (CompleteTM mini protease inhibitors, Roche Diagnostics, Mann-

heim, Germany) were added and homogenized for 30 sec at the highest available speed. 

A centrifugation (15,000× g, 5 min, 4 °C) followed, and the supernatant was collected, sep-

arated in aliquots, stored at −80 °C, and thawed only once before each analysis. Total pro-

tein concentration was determined using the Bradford assay, as previously described [75]. 

Each assay was performed in triplicate and within 3 months of blood collection. 

Blood samples were aliquoted at −80 °C and thawed once before the analysis. 

4.3.2. Determination of GSH 

GSH levels were determined using a slightly modified version of the method of 

Reddy et al. [76], as previously described by Veskoukis et al. [77]. At first, 200 μL red 

blood cell lysate (RBCL) or 100 μL tissue homogenate were mixed with 5% trichloroacetic 

acid (TCA). The samples were centrifuged (15,000× g, 5 min, 5 °C), and the supernatant 

was transferred to a new microcentrifuge tube. Regarding RBCL, 150 μL of the superna-

tant were mixed with 45 μL 5% TCA and centrifuged (15,000× g, 5 min, 5 °C). After that, 

in both cases, 20 μL of the supernatant was mixed with 660 μL sodium potassium phos-

phate buffer (67 mM, pH = 7.95) and 330 μL 5,5′-dithiobis-2 nitrobenzoate (DTNB) (1 mM). 

Then, an incubation took place in dark at room temperature for 15 min, and the optical 

density was measured at 412 nm. 

4.3.3. Determination of H2O2 Decomposition Rate 

A slightly modified version of the method of Aebi [78], as previously described by 

Veskoukis et al. [77], was used for the determination of H2O2 decomposition rate. The 

mixture contained 4 μL RBCL (diluted 1:10) or 5 μL tissue homogenate, and 2991 or 2990 

μL of sodium potassium phosphate buffer (67 mM, pH = 7.4), respectively. Then, an incu-

bation took place at 37 °C for 10 min. Afterward, 5 μL 30% H2O2 was added to the samples. 

The change in optical density was immediately monitored at 240 nm for 130 sec. The H2O2 

decomposition rate was calculated based on the molar extinction coefficient of H2O2 (43.6 

M−1 cm−1). 

4.3.4. Determination of TAC 

The determination of TAC levels was based on the method of Janaszewska and Bar-

tosz [79]. The reaction mixture contained 40 μL tissue homogenate or 20 μL plasma; 460 

or 480 μL phosphate buffer (10 mM, pH = 7.4), respectively; and 500 μL 2,2-diphenyl-1-
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picrylhydrazyl radical (DPPH•) (0.1 mM) solution. An incubation took place in dark at 

room temperature for 60 min. Finally, the samples were centrifuged (15,000× g, 3 min, 25 

°C), and the optical density was measured at 520 nm. 

4.3.5. Determination of TBARS 

A slightly modified version of the assay of Keles et al. [80] was used for TBARS de-

termination, as previously described by Spanidis et al. [81]. Specifically, 100 μL plasma or 

tissue homogenate was added to 500 μL 35% TCA and 500 μL Tris–HCl (pH = 7.4). An 

incubation took place at room temperature for 10 min. Then, 1 mL of a solution containing 

sodium sulphate (Na2SO4) (2 M) and thiobarbituric acid (TBA) (55 mM) was added and 

the samples were incubated for 45 min at 95 °C. Then, the samples were transferred at 4 

°C for 5 min, followed by the addition of 1 mL 70% TCA. Afterward, 1 mL from each 

sample was centrifuged (11,200× g, 3 min, 25 °C) and the optical density was measured at 

530 nm. The calculation of TBARS levels was based on the molar extinction coefficient of 

malondialdehyde (155 × 103 M−1cm−1). 

4.3.6. Determination of Protein Carbonyls 

A slightly modified version of the method of Patsoukis et al. [82] was used for protein 

carbonyls determination, as previously described by Veskoukis et al. [77]. Initially, 50 μL 

20% TCA was added to 50 μL plasma or tissue homogenate. An incubation took place for 

15 min at 4 °C, followed by centrifugation (15,000× g, 5 min, 4 °C). Subsequently, the su-

pernatant was discarded, and the pellet was resuspended in 500 μL 2,4-dinitrophenylhy-

drazine (DNPH) (10 mM) (diluted in 2.5 N HCl). A blank for each sample containing the 

same sample volume was resuspended with 500 μL HCl (2.5 N). The samples and their 

respective blanks were incubated in the dark at room temperature for 1 h with intermittent 

vortexing every 15 min, followed by centrifugation (15,000× g, 5 min, 4 °C). After centrif-

ugation, the supernatant was discarded, and the pellets were resuspended with 1 mL 10% 

TCA. Afterward, the samples and blanks were centrifuged again (15,000× g, 5 min, 4 °C), 

and the pellets were washed three times with 1 mL of an ethanol–ethyl acetate mixture 

(1:1 v/v). The pellets were resuspended, and the samples and blanks were centrifuged 

(15,000× g, 5 min, 4 °C). After the third wash and the removal of the supernatant, the pel-

lets were resuspended with 1 mL urea (5 M, pH = 2.3), vortexed, and incubated at 37 °C 

for 15 min. Finally, the samples were centrifuged (15,000× g, 5 min, 4 °C), and their optical 

density was determined at 375 nm. The calculation of the protein carbonyls concentration 

was based on the molar extinction coefficient of DNPH (22 × 103 M−1cm−1). 

4.3.7. Determination of SOD Activity 

The determination of SOD activity was based on the method of nitroblue tetrazolium 

salt (NBT), as described by Oberley and Spitz [83]. In the reaction mixture, 100 μL of RBCL 

(diluted 1:100) and 800 μL of a master mix (diethylenetriaminepentaacetic acid (DE-

TAPAC) (1.34 mM), NBT (2.24 mM), and xanthine (1.18 mM)) were added, followed by 

the addition of xanthine oxidase (~60 mU). The optical density was measured at 560 nm 

for 1.5 min. SOD activity was calculated based on the percentage inhibition of NBT. 

4.3.8. Determination of GPx Activity 

Glutathione Peroxidase (GPx) activity was measured according to Flohe and Gunzler 

[84], as previously described by Veskoukis et al. [77]. Briefly, 500 μL of phosphate buffer 

(100 mM, pH = 7), 100 μL of glutathione reductase (GR) (0.24 U), 100 μL of GSH (10 mM), 

and 100 μL of RBCL (diluted 1:100) were added to a microcentrifuge tube. The mixture 

was incubated for 10 min at room temperature. Then, 100 μL of nicotinamide adenine 

dinucleotide phosphate (NADPH) (1.5 mM) in 0.1% NaHCO3 solution was added, fol-

lowed the transfer of the mixture in a cuvette. An incubation took place for 3 min at room 

temperature. The reaction was started by adding 100 μL of tert-Butyl hydroperoxide (t-
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BuOOH) (12 mM). The decrease in optical density was monitored at 340 nm for 5 min. 

The calculation of GPx activity was based on the molar extinction coefficient of NADPH 

(6200 L/mol/cm). 

4.3.9. Determination of GR Activity 

Glutathione reductase (GR) activity was measured according to the protocol of Smith 

et al. [85], described previously by Veskoukis et al. [77]. The reaction mixture contained 

700 μL of phosphate buffer (200 mM, 1 mM ethylenediaminetetraacetic acid (EDTA), pH 

= 7.5), 250 μL of DTNB (3 mM) in phosphate buffer (200 mM), 50 μL of β-NADPH (2 mM) 

in phosphate buffer (200 mM), and 50 μL of GSSG (20 mM) in phosphate buffer (200 mM). 

The reaction started following the addition of 25 μL RBCL (diluted 1:20). The change in 

optical density was monitored at 412 nm for 1 min. 

4.4. Body Weight and Growth Rate 

Body weight was measured on the 1st, 7th, and last day of administration before eu-

thanasia. Food and water consumption were recorded daily. The growth rate was calcu-

lated as the difference between the final weight and the initial weight divided by the days 

of administration. During administration, the behavior of experimental animals inside 

and outside of the cage was checked, and clinical examination was performed. Further-

more, 12 h after administration, the experimental animals were checked for mortality. In 

case of severe disturbance of welfare, which was not expected from the bibliographical 

data, euthanasia and autopsy were performed. All handlings took place at the same time 

every morning. 

4.5. Hematological and Clinical Chemistry Parameters 

At the end of the study, the rats were fasted overnight and anesthetized with isoflu-

rane. Blood was collected by cardiac puncture from the right ventricle (1 mL in a blood 

collection vial with EDTA for hematology and 2 mL in a vial with sodium heparin for 

blood clinical chemistry). The blood was centrifuged (1500 rpm, 15 min, 4 °C) for the sep-

aration of erythrocytes and plasma. All samples were processed within 4–6 h in the hema-

tology and clinical chemistry laboratory of the Faculty of Veterinary Medicine of the Uni-

versity of Thessaloniki. 

The following hematological parameters were determined with a ADVIA120 (Sie-

mens Healthineers) hematological analyzer: the number of red blood cells, hemoglobin, 

hematocrit, mean corpuscular volume, mean corpuscular hemoglobin content, mean cor-

puscular hemoglobin concentration, total white blood cell count, leukocyte type, platelet 

count, and average platelet volume. The following clinical chemistry parameters were also 

determined with a Vitalab Flexor E analyzer (VitalScientific N.V., Dieren, The Nether-

lands): ALT, ALP, total proteins, albumin, creatinine, urea, GGT. 

4.6. Gross Necropsy 

After blood collection, rats remained under anesthesia and were euthanized by dis-

location of the first cervical vertebra. A detailed gross necropsy was carried out, including 

careful examination of the external body (skin, hair, mucous membranes); the oral and 

nasal cavities; the anus; the external genitalia; the cranial, thoracic, and abdominal cavi-

ties; and the internal organs. Lungs, spleen, heart, liver, kidneys, stomach, the entire in-

testinal tract (duodenum, nitistida, ileus, colon), pancreas, and testicles were collected and 

trimmed from any adherent tissue. The aforementioned organs were evaluated in terms 

of size, color, and texture. Any lesions were described in detail. The inner content of hol-

low organs and cavities was also examined. The results of the necropsy were recorded. 
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4.7. Histopathology 

The tissues were stabilized in a 10% neutral pH formalin solution, treated with 

graded alcohol, embedded in paraffin, sectioned in 5 μm slices, and stained with hema-

toxylin/eosin. The tissues were examined under the light of microscope (Nikon Eclipse 

E400), and the architecture, cell degeneration/necrosis, inflammatory filtration, hemody-

namic lesions, and cell growth disorders were evaluated. The intensity of the findings was 

categorized as minimal, mild, moderate, and significant. The results were recorded. 

4.8. Statistical Analyses 

The results of histopathological analysis are expressed as mean ± standard deviation 

(SD). For quantitative data, the Kolmogorov–Smirnov test was performed to check if var-

iables followed normal distribution. Levene’s test was performed to check for homogene-

ity of variances. In the case of abnormal distribution, data were analyzed with the non-

parametric Kruskal–Wallis test. The Chi-square test (χ2 test) and Fisher’s exact test were 

performed for quality variables. The IBM SPSS Statistics version 26.0 was used to analyze 

the data. The significance level was set at a p-value less than 0.05 (p < 0.05). 

The results of redox biomarkers are expressed as mean ± standard error of the mean 

(SEM). The Shapiro–Wilk test was performed to check if the variables followed a normal 

distribution. In the case of abnormal distribution, the data were analyzed with the non-

parametric Kruskal–Wallis test. The GraphPad Prism version 8.0.0 was used to analyze 

the data. The significance level was set at a p-value less than 0.05 (p < 0.05). 

5. Conclusions 

The present study investigated the biological effects of a wine and a grape stem ex-

tract derived from the emblematic Greek red grape varieties Xinomavro and 

Mavrodaphne, respectively. According to our results, Xinomavro wine extract did not ex-

ert any effects on body weight, growth rate, clinical, biochemical, and histopathological 

parameters; however, it affected rat redox homeostasis by inducing beneficial and harm-

ful outcomes depending on the examined tissue. More specifically, in some tissues, 

Xinomavro wine extract exerted antioxidant effects by enhancing the antioxidant arsenal 

and by preventing from the detrimental effects of oxidative damage, whereas in other 

tissues, it exerted prooxidant effects by deregulating the antioxidant defense mechanisms 

and by promoting lipid peroxidation. This phenomenon is indicative of the complexity 

that characterizes the biological systems, overturning the perception of the putative uni-

fied action of polyphenol-rich extracts upon administration to living organisms. Contra-

riwise, the results obtained from the determination of the effects of Mavrodaphne grape 

stem extract on mice redox biomarkers clearly demonstrated that the extract exerted ben-

eficial effects by preventing from the promotion of lipid peroxidation, while the altera-

tions induced in the antioxidant defense mechanisms could be considered as redox adap-

tations. This study provides valuable insights into the biological activity of the polyphe-

nol-rich Mavrodaphne grape stem extract that could be utilized in the development of 

bio-functional animal feeds, thus improving animal redox and health status, while the 

exploitation of these compounds constitutes an ecofriendly management of by-products 

produced during the vinification process. 
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