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Abstract 

The literature indicates that red wine presents in its composition several substances that are 
beneficial to health. This study has investigated the antioxidant effects of Tannat red wine on 
oxidative stress induced by glucose and fructose in erythrocytes in vitro, with the purpose to 
determine some of its majoritarian phenolic compounds and its antioxidant capacity. Erythrocytes 
were incubated using different concentrations of glucose and fructose in the presence or absence 
of wine. From these erythrocytes were determined the production of thiobarbituric acid reactive 
species (TBARS), glucose consumption, and osmotic fragility. Moreover, quantification of total 
phenolic, gallic acid, caffeic acid, epicatechin, resveratrol, and DPPH scavenging activity in wine 
were also assessed. Red wine showed high levels of polyphenols analyzed, as well as high anti-
oxidant potential. Erythrocytes incubated with glucose and fructose had an increase in lipid pe-
roxidation and this was prevented by the addition of wine. The wine increased glucose uptake into 
erythrocytes and was able to decrease the osmotic fragility of erythrocytes incubated with 
fructose. Altogether, these results suggest that wine leads to a reduction of the oxidative stress 
induced by high concentrations of glucose and fructose. 
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Introduction 
Oxidative stress occurs when there is an imbal-

ance between pro-oxidants and antioxidants in the 
organism, so that, the first is predominant, producing 
toxic or harmful compounds for tissue, denominated 
free radicals or reactive oxygen species (ROS) [1]. The 
excess of free radicals induces harmful effects such as 
lipid peroxidation, damage to DNA, proteins, en-
zymes and carbohydrate [2]. Studies have shown a 
strong relationship between hyperglycemia and oxi-
dative stress [3,4,5,6]. Consequently, there is a great 
deal of interest in foods that contain antioxidants and 
health-promoting phytochemicals as potential thera-
peutic agents. In this context, several experiments, 

both in vitro and in vivo, have been conducted with 
numerous antioxidants components, including poly-
phenols from red wine [7,8]. 

This interest in phenolic compounds of wine 
started in 1992 with the publication of the "French 
Paradox” theory. In France, there is a high consump-
tion of saturated fats, but mortality from heart disease 
is a third lower than in the United Kingdom, for ex-
ample. One of the French habits is drink red wine 
with their main dishes, and this seems to be an im-
portant differential. A research conducted by Renaud 
and De Longeril [9] observed low mortality from 
heart disease associated with the consumption of this 
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drink. Withehead et al, [10] revealed that the ingestion 
of 300 mL red wine, led to an 18% increase in the se-
rum antioxidant capacity after 1 hour. Moreover, 
Napoli et al, [11] in a study made from nine diabetic 
patients, who intake 360 mL of red wine per day for 
two weeks, observed an improvement in insulin sen-
sitivity. 

Red wine presents in its composition more than 
600 phenolic compounds that are beneficial to health. 
However, the studies are limited primarily to the 
presence of resveratrol, but other phenolic com-
pounds such as flavonoids, quercetin and catechins, 
integrated in large quantities the red wine. Further-
more, most studies evaluated the effects of this drink 
for cardiovascular diseases prevention, making re-
quired additional studies to confirm the beneficial 
effects of red wine in other diseases, such as Diabetes 
mellitus. 

Diabetes mellitus may cause a series of second-
ary complications, including atherosclerosis, renal 
failure, cataract, retinopathy, and some others, which 
are caused by oxidative stress generated by hyper-
glycemia (Brito and others 2007). So studies using 
bioactive compounds that may be able to minimize 
this process, are relevant. Thus, the aim of the present 
study was to observe the antioxidant effect of Tannat 
red wine (vintage 2006) produced in Itaqui – RS – 
Brazil, according to oxidative stress induced by glu-
cose and fructose in erythrocytes in vitro, in addition 
to determine some of its majoritarian phenolic com-
pounds (gallic acid, caffeic acid, epicatechin and 
resveratrol) and their antioxidant capacity. 

Materials and Methods 
Red wine samples 

Red wine used in this study was the Tannat 
(2006 vintage), containing 13% (v/v) ethanol, pro-
vided by a winery, located in Itaqui (Rio Grande do 
Sul – Brazil).  

Chemicals 
Thiobarbituric acid (TBA), malonalde-

hyde-bis-dimethyl acetal (MDA), 2,2-diphenyl-1- 
picrylhydrazyl (DPPH), caffeic acid, gallic acid, epi-
catechin and resveratrol were purchased from Sigma 
Aldrich (St. Louis, MO, USA). Folin-Ciocalteau’s 
phenol reagent was obtained from Merck (Darmstadt, 
Germany). 

Preparation of erythrocytes 
Discarded blood bags have been donated by 

transfusion agency located São Patricio Hospital, 
Itaqui, Brazil. The experimental protocol of this study 
was approved by the Ethics Committee of the Univer-
sidade Federal do Pampa (number 002 2012). 

The test tubes containing 2.5 mL of erythrocytes 
were centrifuged at 2,000 g for five minutes and the 
supernatant was replaced by saline solution 0.9% 
NaCl in the same proportion. This procedure was 
performed twice, after, the red blood cells where re-
suspended with a hematocrit 50% (erythrocyte sus-
pension: solution 0.9% NaCl, v/v), and fructose or 
glucose concentrations corresponding to 5, 10, 30 and 
100 mM, in 100 mM Tris-HCl buffer (pH 7.4). These 
values were defined based on other studies that in-
vestigate the effects of high glucose and fructose 
concentrations in vitro [12,13]. 

Erythrocytes were incubated at 37 ºC for 24 
hours in the presence or absence of red wine in 
amounts of 0.075, 0.15 and 0.225 mL of wine/mL in-
cubated erythrocytes. This corresponds to 0.33, 0.66 
and 0.99 mg/L GAE of total polyphenols, conforming 
to the respective of wine volumes used. The wine 
quantities used were calculated based on a wine 
consumption of 150, 300 and 450 mL (one, two and 
three glasses, respectively) for an adult man (average 
body weight of 70 kg) containing around 5 liters of 
blood circulating in his body. So, we made a linear 
interpolation to calculate the amount of wine being 
incubated with 2.5 mL of erythrocytes. 

According to the World Health Organization 
(WHO) [14] the moderate wine consumption (one or 
two glasses) represents low risk for the onset diseases. 
This explains the volumes used in our study (lower, 
intermediate and higher volume of wine). 

Evaluation of lipid peroxidation 
Production of thiobarbituric acid reactive species 

(TBARS) was determined according to Ohkawa et al, 
[15]. Briefly, after washing erythrocytes with 0.9% 
NaCl twice, the samples, containing glucose or fruc-
tose, added or not of red wine in the volumes de-
scribed above, were precipitated with 40% acetic acid 
in the ratio 1:2 and centrifuged at 2,000 g for separat-
ing from the supernatant. The amount TBARS pro-
duced was measured in spectrophotometer Biospectro 
UV-Vis, model SP-220 (Curitiba, PR, Brazil), at 532 
nm, using malondialdeide (MDA) to construct stand-
ards curves.  

Quantification of glucose uptake 
The quantification of glucose uptake is based on 

the disappearance of glucose in erythrocytes quanti-
tated before and after incubation for 24 hours. We 
used a glucose oxidase enzymatic colorimetric kit 
(Labtest, Minas Gerais, Brazil). 

Osmotic fragility test 
After incubation of the erythrocytes with the 

same concentration of glucose or fructose (5, 10, 30 
and 100 mM) and red wine (0.075, 0.15 and 0.225 mL 
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of wine/mL incubated erythrocytes) were washed 
with 150 mM NaCl solution (twice) and tested for 
osmotic fragility. The resistance of erythrocytes to 
hemolysis was evaluated by measuring as a function 
of decreasing NaCl concentration. According to Fer-
nandez and Fink [16] it was determined the concen-
tration of hemoglobin in the supernatant using a 
commercial kit (Labtest, Minas Gerais, Brazil). 

In order to discard the interference of phenolic 
compounds in preventing the hemoglobin oxidation 
by cyanide of the Drabkin's solution, an assay was 
performed measuring hemoglobin from erythrocytes 
incubated with wine, adding 0.5 mM of hydrogen 
peroxide plus 2.5 mM of sodium azide. 

Determination of phenolics in wine 
The concentration of total polyphenols was de-

termined by the colorimetric method of Fo-
lin-Ciocalteau described by Singleton and Rossi [17]. 
The concentration of phenolic compounds was ex-
pressed as gallic acid equivalents (GAE). UV-Vis ab-
sorbance was measured in a Perkin Elmer Lambda 35 
UV/Vis Double array Spectrophotometer (Norwalk, 
CT, United Sates) with 1-cm quartz cells. The antho-
cyanins were evaluated by the method described by 
Lee and Francis [18] with modifications, conducting 
readings in a spectrophotometer Biospectro UV-Vis 
model SP-220 (Curitiba, PR, Brazil) at 520 nm, results 
were expressed in mg/L of wine. 

Caffeic acid, gallic acid, epicatechin, and 
resveratrol were also quantified by HPLC in a Prom-
inence Liquid Chromatograph Shimadzu (Shimadzu 
Corporation, Kyoto, Japan) equipped with a LC-20AT 
pump, a SIL-20A auto sampler, a SPD-20AT PDA 
detector and a CTO-20A column oven. LC Solution V. 
1.24 SP1 system software was used to control the 
equipment and to obtain data and responses from the 
LC system. 

A reversed phase ODS-Hypersil Thermo Scien-
tific C18 column (250 x 4.6 mm i.d., 5-µm particle size) 
(Bellefonte, United States) was used for chromato-
graphic separation. The analyses were performed 
according to the procedure previously described by 
Quirós et al, [19] in a gradient elution mode with a 0.8 
mL/min flow, employing two mobile phases: A (wa-
ter/acetonitrile/acetic acid, 67:32:1, v/v/v) and B 
(water/acetic acid, 99:1, v/v). The gradient profile 
was 0-4 min, 20-30% A and 80-70% B; 4-8 min, 30-40% 
A and 70-60% B; 8-12 min, 40-65% A and 60-35% B; 
12-16 min, 65-80% A and 35-20% B; 16-20 min, 80-95% 
A and 20-5% B; 20-22 min, 95-97% A and 5-3% B; 22-24 
min, 97-100% A and 3-0% B; and 24-35 min, 100% A, 
followed by re-equilibration of the column for 5 min. 
Detection was performed at 280 nm. The injection 
volume was 20 µL and all analyses were conducted at 

25 ± 1 °C. 
For standard preparation, gallic acid, caffeic ac-

id, epicatechin, and resveratrol were dissolved in 
ethanol and mixed to obtain a solution containing 
gallic acid at 120.0 µg/mL and other standards at 
200.0 µg/mL. For wine analysis, the samples were 
injected directly, as marketed. All solutions were fil-
tered through a 0.45-μm membrane filter from Milli-
pore (Milford, MA, United States) before injection. 
The quantitation of compounds is also based on some 
references applied to wine samples, whose concen-
tration range and limits of detection and quantitation 
were established [20,19,21,22] . 

 DPPH radical scavenging assay 
Free radical scavenging activities of wine were 

measured by the DPPH assay described by 
Brand-Williams et al, [23]. A volume of 100 mL of red 
wine was added to 3.9 mL of methanol solution of 
DPPH. The tubes were agitated and kept in the dark 
for 30 min before reading at 517 nm in a spectropho-
tometer Biospectro UV-Vis, model SP-220 (Curitiba, 
PR, Brazil). 

The antioxidant capacity was represented as % 
radical scavenging capacity (RSC) remaining after 30 
min of reaction according to the following equation: 

 
where absorbance of control represents the absorb-
ance of the DPPH solution alone measured at zero 
time, and absorbance of sample is the absorbance for 
each sample 30 min after the addition of the DPPH 
solution. 

 Statistical analysis  
Graphpad Prism 5 software was used for statis-

tical analysis and for plotting graphs. The results were 
analyzed using one-way ANOVA. Differences be-
tween groups were determined using Bonferroni´s 
post hoc test. Differences were considered statistically 
significant at p < 0.05. All data are reported as mean ± 
standard deviation (S.D.).  

Results and discussion 
Polyphenols, phenolic compounds and free 
radical scavenging (DPPH) 

Red wines made from Vitis vinifera cv. Tannat 
grapes, are known to possess high contents of tannins 
and have an intense color due to the presence of pig-
ments such as anthocyanins [24]. The concentration of 
total anthocyanins found in this study was 107.2 
mg/L (Table 1). Concentration lower than observed 
by Zocche [25], who used similar methodology to our 
study with cv. Tannat wines (2008 vintage) of Rio 
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Grande do Sul, whose concentration obtained was 
667.36 mg/L. This fact may be explained by the wine 
age investigated, because anthocyanins are responsi-
ble for the intense color of young red wines. Mean-
while, they are combined among themselves or with 
other tannins present in wine, producing larger mol-
ecules that tend to precipitate over time. Thus, the 
wines will become less stained, acquiring a brownish 
red tint [27, 26]. Another study carried out by McRae 
et al, [27] investigated the color parameters, concen-
trations of tannins and anthocyanins, and tannins 
composition of a 50 year series of Cabernet Sauvignon 
wines from Australia confirmed this effect. They 
found a concentration of anthocyanins less than 200 
mg/L for wines with age of 5 years and 627 mg/L for 
younger wine. 

The concentration of total polyphenols is also 
shown in Table 1. Tannat wine contained high con-
centration of total phenolics (4,410 mg/L GAE) and, 
this concentration was greater than obtained by 
Freitas [28] in his study with Tannat wines from Bento 
Gonçalves (RS, Brazil), whose value obtained was 
2,282.2 mg/L GAE. Polyphenols are responsible for 
protecting plants from physical attacks, as the sun’s 
ultraviolet radiation and biological attacks by fungi, 
bacteria and viruses, and they are distributed in the 
leaves, seed and the grapes skin. Its concentration in 
the wine depends on several factors including the 
grape variety, weather conditions, grapes cultivation 
techniques and winemaking [1]. A factor that may 
have favored the biosynthesis of polyphenols in the 
Campaign Gaúcha is that during budding and flow-
ering of wines the days are sunny, dry and there is 
little precipitation, unlike Bento Gonçalves, were this 
period is characterized by exacerbated rain. This ex-
plains the high concentrations of polyphenols found 
in the analyzed wine.  

 

Table 1: Polyphenolic constituents and free radical scavenging 
(DPPH) of the red wine Tannat (vintage 2006). 

Total Polyphenols a 4,410 mg/L GAE 
Total Anthocyanins b 107.2 mg/L 
Gallic Acid c 12.63 mg/L 
Caffeic Acid c 7.81 mg/L 
Epicatechin c 26.55 mg/L 
Resveratrol c 9.08 mg/L 
DPPH d 71% 
a Method of Folin-Ciocalteau; b Lee & Francis (1972); c HPLC; d DPPH assay 

 
 
The chromatogram illustrated in Figure 1 shows 

the presence of gallic acid, caffeic acid, epicatechin, 
and resveratrol, identified by their retention times 
(about 6, 20, 21, and 30 minutes for 1, 2, 3, and 4 re-
spectively) . Among phenolics, epicatechin (26.55 
mg/L) and gallic acid (12.63 mg/L) were identified as 

major compounds whereas, resveratrol (9.08 mg/L) 
and caffeic acid (7.81 mg/L) showed a minor contri-
bution in this wine (Table 1). Epicatechins are re-
sponsible for astringency, bitterness and the body of 
wine as well as gallic acid antioxidant properties, an-
timicrobial and antimutagenic [29,1]. Similar results 
were found by Fanzone et al, [30] obtaining values 
between 15.6-20.9 mg/L of gallic acid and 21.1-30.8 
mg/L of epicatechin for Argentinian Cabernet 
Sauvignon wines. 

 

 
Figure 1: HPLC chromatograms (detection at 280nm) showing the polyphenolic 
constituents detected in Tannat red wine (vintage 2006). (A) Chromatogram of 
standards; (B) chromatogram of polyphenolic constituents detected in wine. Peak 
identification: (1) gallic acid; (2) caffeic acid; (3) epicatechin; (4) resveratrol. 

 
Recently, caffeic acid and its derivatives have 

attracted considerable attention because of their bio-
logical activity and pharmacological properties in-
cluding antioxidative activities, such as metal chelat-
ing capacity [31]. Study has also confirmed that caffeic 
acid has a copigmentation effect on anthocyanin and 
that the antioxidant activity of the complex anthocy-
anin, caffeic acid, was greater than the antioxidant 
activity of the anthocyanin alone [32]. The concentra-
tion of caffeic acid found in this study was similar to 
the concentration found by Fanzone et al [30], for 
Argentine wines.  

Finally, we reference resveratrol, a polyphenol 
mostly studied in recent years, and noticed in con-
siderable concentrations (9.08 mg/L) in the wine an-
alyzed. It is synthesized in grape skins in response to 
stress caused by fungal attack, mechanical damage or 
ultraviolet irradiation; moreover the incidence of 
sunlight and little rainfall are climatic factors with 
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marked performance in formation, content and class 
of resveratrol [33]. Souto et al, [34] quantified, using 
high performance liquid chromatography, the con-
centration of trans-resveratrol of 36 red wines samples 
produced in southern Brazil and found a concentra-
tion between 0.82-5.75 mg/L, being the highest con-
centration for Sangiovese wine.  

Importantly, the lack of studies correlating the 
phenolic compounds present in red wine with situa-
tions of hyperglycemia in vitro or in vivo. From the few 
studies, a large part investigates the effect of resvera-
trol on Diabetes Mellitus. Szkudelska and Szkudelski 
[35] verified that the use of resveratrol for a long time 
decreased the blood glucose in diabetic animals and, 
interestingly, this compound did not affect glucose 
levels in animals with normal glycemic level. Ven-
turini et al, [36] in a red wine study (Merlot varietal) 
containing 3.2 µg/ml resveratrol, observed that the 
red wine provoked antioxidant effect in hippocampus 
of diabetic rats. 

Summarizing, Tannat wine showed good con-
centrations of polyphenols and a possible explanation 
for this may be climatic conditions conducive to grape 
growing, as low winter temperatures, which favors 
the growth of these vines, low rainfall and sunny days 
with temperatures above 18ºC in fall, which favors 
flowering [37]. Between all of these climatic factors, 
the most preponderant, for the development of the 
grape berry, is sunlight. It influences the synthesis of a 
key enzyme in the production of phenolic com-
pounds, phenylalanine amonioliase - PAL. This en-
zyme has its activity increased in vegetables exposed 
to stressful situations such as water deficit and inci-
dence of sunlight [33]. In fact, in 2006, the weather in 
Rio Grande do Sul was characterized by summer with 
high temperatures, severe drought and rigorous 
winter [38]. 

Finally, the radical scavenging activity of the 
wine was tested using the DPPH assay and was ob-
served that the antioxidant capacity of wine was 71% 
(Table 1). In accordance to the classification described 
by Melo et al, [39], there is a strong antioxidant ca-
pacity when the percentage of radical scavenging ac-
tivity exceeds 70%. 

In a study with 73 red wines of five Vitis vinifera 
red grape varieties (Merlot, Malbec, Pinot Noir, Cab-
ernet Sauvignon, and Syrah) from South America, 
Granato et al, [40] using also the method of DPPH, 
observed the highest antioxidant activity for the Cab-
ernet Sauvignon from Brazil (66.44%), Syrah from 
Argentina (64.12%) and Malbec from Chile (66.70%).  

Our objectives are not to establish a correlation 
between the phenolic constituents of Tannat wine and 
its antioxidant capacity because we believe that this 
good antioxidant potential of the analyzed wine is 

due to the set of all polyphenols. 

Lipid peroxidation assay 
Lipid peroxidation occurs when there is a met-

abolic imbalance allowing ROS attack polyunsatu-
rated fatty acids in cell membranes. This mechanism 
results in changes of the membrane lipids and this 
loses its architectural features to become firmer and 
less flexible. With this, appear "ionic cracks" which 
alter the membrane permeability and enhances the 
indiscriminate flow of metabolites and cellular debris. 
The degree of phospholipids peroxidation can be de-
termined by the concentrations of malondialdehyde 
(MDA) and the method commonly employed is the 
thiobarbituric acid reactive substances (TBARS) [2]. 

Erythrocytes have high polyunsaturated fatty 
acids contained in their membranes, and possess high 
hemoglobin concentration. These characteristics make 
human erythrocytes a good field of reference for the 
study of biomembranes oxidation [41,6] demonstrat-
ing that ROS’ attack to the erythrocyte membrane 
induces oxidation of lipids and proteins, and leads to 
hemolysis [42]. 

In our study lipid peroxidation in erythrocytes 
was induced with glucose or fructose. The high glu-
cose and fructose concentration resulted in a signifi-
cant increase in erythrocytes TBARS levels (p < 0.05) 
when compared to erythrocytes incubated with 5 mM 
glucose or fructose (physiological condition) (Figure 
2A and B). Similar result was observed by Salgueiro et 
al, [6] in human erythrocytes incubated with high 
glucose concentrations (250 and 500 mM), at both 24 
and 48 hours incubation, and Soares et al [13], in re-
search on ebselen and its modification in hemoglobin 
glycation and osmotic fragility of blood at high con-
centrations of glucose or fructose. It has also been 
shown that the auto-oxidation of glucose is an im-
portant source of free radicals in Diabetes Mellitus 
[43,3,44]. In this study, this additional source of free 
radicals generated by hyperglycemia is a plausible 
contributing factor to the increased of TBARS levels. 
In addition, increased glucose levels (above 9 mM) 
activate the polyol pathway that leads to a depletion 
of NADPH, which is highly detrimental to the eryth-
rocyte [13]. 

The addition of different wine volumes pro-
voked a significant decrease (p < 0.05) in MDA levels 
of erythrocytes incubated with glucose (Figure 2A). 
However, for the erythrocytes incubated with fruc-
tose, this effect was only observed for high fructose 
concentrations (30 and 100 mM) (Figure 2B). We can 
infer that red wine could prevent lipid peroxidation 
caused by hyperglycemia. This advantage was ob-
served until the lowest wine volume used (0.075 mL), 
which can be considered a positive factor, since ex-
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aggerated consumption of alcoholic beverages can be 
detrimental. Similar results were observed for Mon-
tilla et al, [7] in experiments with diabetic Wistar rats 
streptozotocin induced, and the protective effect of 
red wine Montilla-Moriles on oxidative stress. This 
red wine protective effect may be related to their high 
content of polyphenols, which can interact with 
membranes or reduce/counteract the formation of 
ROS [6]. 

Effect of wine on erythrocytes incubated with 
glucose 

Figure 3A shows the glucose uptake before and 
after incubation of erythrocytes with glucose during 
24 hours at concentrations of 5, 10, 30 and 100 mM. 
According to Habib and Othman [5], the glucose is 
transported into erythrocytes by facilitated diffusion.  

In Figure 3A can be seen that after 24 hours there 
is a significant reduction (p < 0.05) in the concentra-
tion of glucose in erythrocytes incubated with 5 and 
10 mM of glucose. This fact was not observed in 
erythrocytes incubated with 30 and 100 mM of glu-
cose. One possible explanation is that chronic hyper-
glycemia causes many changes in erythrocytes, such 
as reduced life time, low deformability, aggregation of 
red cells increased, reduction of cholesterol and sialic 
acid of membrane [45]. Such changes can affect glu-
cose uptake by erythrocytes. These alterations suf-
fered by the erythrocytes in hyperglycemic conditions 
may be attributed to oxidative stress, which may lead 
to lipid peroxidation and osmotic fragility in vitro [45]. 
Another point to be discussed, in order to better un-
derstand, is that the lipid peroxidation and accumu-
lation of MDA can disturb organization of phospho-
lipids in the erythrocyte membrane bilayer, which 
may lead to a decrease in glucose uptake by erythro-
cytes and, therefore, increase the glucose level in 

plasma [2]. 
Figure 3B shows the glucose uptake after incu-

bation of erythrocytes with glucose concentrations of 
5, 10, 30 and 100 mM added to 0.075 mL of red wine. 
A significant decrease (p < 0.05) can be observed in 
glucose concentration in erythrocytes incubated with 
100 mM of glucose in the presence of red wine. So, we 
can infer that the consumption of glucose by the 
erythrocytes incubated with high concentration of 
glucose was reestablished, i.e., the wine was able to 
prevent the inhibition of glucose uptake in erythro-
cytes. Erythrocytes added with the other volumes of 
wine (0.15 and 0.225 mL) did not observe significant 
changes (p > 0.05).  

Wine has been extensively studied as a source of 
phenolic compounds and adjuvant therapy for vari-
ous diseases [1], but there are no in vitro studies in-
vestigating the specific effect of wine in glucose up-
take. Habib and Othman [5] in a study with diabetic 
patients and Rhaphanus sativa extract, observed that 
glucose uptake by erythrocytes of diabetic patients 
were decreased with increasing the glucose. This ef-
fect was reversed after the addition of 50 µL from the 
extract mentioned.  

Effect of wine on osmotic fragility of 
erythrocytes 

Hypotonic concentrations of NaCl induced pro-
gressive lyses on the erythrocytes, and previous in-
cubation of erythrocytes for 24 hours with fructose (30 
and 100 mM) caused a significant increase (p < 0.05) in 
cell lyses when compared to erythrocytes exposed to 
fructose 5 mM (Figure 4A). Red wine at different 
volumes, partially suppressed fructose-induced he-
molysis (Figure 4B and C). The osmotic fragility test 
for erythrocytes incubated with glucose showed no 
significant differences (p > 0.05) (data not shown). 

 

 
Figure 2: Lipid peroxidation in erythrocytes incubated with different concentrations of glucose (A) or fructose (B) in presence or absence of wine. Tubes incubated only glucose 
or fructose (I); tubes incubated with glucose or fructose and 0.075 mL of wine (II); tubes incubated with glucose or fructose and 0.15 mL of wine (III); tubes incubated with glucose 
or fructose and 0.225 mL of wine (IV). * Significant at p < 0.05, compared with untreated erythrocytes (without addition of wine); ** significant at p < 0.05, Glucose 5mM vs 
Glucose 100mM; Fructose 5mM vs Fructose 100mM incubated only glucose or fructose. Values are means ± SD. 
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Figure 3: Glucose concentration in erythrocytes before and after incubation with 
different glucose concentrations (5, 10, 30, and 100 mM) for 24 hours (A). Glucose 
concentration in erythrocytes after incubation with different glucose concentrations 
and 0.075 mL of wine for 24 hours (B). * Significant at p < 0.05, compared to 
erythrocytes before incubation for 24 hours; ** significant at p < 0.05, compared with 
untreated erythrocytes (without addition of wine). Values are means ± SD. 

 
 

Erythrocytes are constantly exposed to reactive 
oxygen species and this can be enhanced by hyper-
glycemia. A research carried out by Soares et al, [13] 
indicate that patients with uncontrolled diabetes are 
more sensitive to osmotic shock than from patients 
with controlled diabetes and control subjects in rela-
tion to increased production of free radicals in vivo. As 
previously discussed the oxidation of erythrocytes 
has been extensively studied as a model of oxidative 
damage to biomembranes, since the free radicals at-
tack erythrocyte membranes, oxidizing lipids and 
proteins. These alterations in membrane structure can 
subsequently cause hemolysis [42].  

The present study shows that erythrocytes ex-
posed to high concentrations of fructose have in-
creased susceptibility to osmotic lysis, which was also 
accompanied by an increase of lipid peroxidation. 
This was not observed in erythrocytes incubated with 
glucose, since these have not had a significant increase 
in osmotic fragility. The addition of different volumes 
of red wine in erythrocytes incubated with the fruc-
tose were also able to reduce the osmotic fragility in 
erythrocyte incubated with 30 and 100 mM fructose. 
This is interesting because it has been shown that 
ethanol can increase the rate of hemolysis by de-
creasing the hydrophobic force, which decreases the 
membrane stability [46]. So we can say that the poly-
phenols present in large quantities in wine were able 
to overcome this denaturing effect of ethanol, and also 
reducing the osmotic fragility caused by high con-
centrations of fructose.  

 
Figure 4: Osmotic fragility 
test show hemoglobin levels in 
supernatant of erythrocytes 
incubated with different 
fructose concentrations, in 
presence or absence of wine 
for 24h, submitted at de-
creasing NaCl concentration 
hypotonic for 30 min at 37 °C. 
Erythrocytes incubated with 
different fructose concentra-
tions (A). Erythrocytes incu-
bated with 30 mM fructose 
and different volumes of wine 
(B). Erythrocytes incubated 
with 100 mM fructose and 
different volumes of wine(C). 
* Significant at p < 0.05, 
compared with erythrocytes 
incubated with 5 mM; ** 
significant at p < 0.05, com-
pared with erythrocytes 
treated with fructose (without 
addition of wine). Values are 
means ± SD. 
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Martínez et al, [41] demonstrated that grape 
epicatechin stabilize the membrane through a de-
crease in lipid fluidity, blocking the access of the 
peroxyl radical to erythrocyte membranes, which may 
contribute to their ability to inhibit oxidative hemoly-
sis. However, we believe that the antioxidant activity 
of red wine may be assigned to the group of poly-
phenols present in this drink, and not any specific 
compound. The effect of wine in hemolysis was also 
confirmed by Tedesco et al, [42] in a study on the an-
tioxidant effect of extract of red wine aged in oak 
barrel with a high level of polyphenols on red blood 
cells in vitro. They also noted the decrease in osmotic 
fragility of erythrocytes incubated with 20 µL of ex-
tract of red wine aged in oak barrel. 

Conclusions 
The Tannat red wine produced in Itaqui (RS - 

Brazil) showed high levels of bioactive compounds 
and high total polyphenols content, as well as a good 
antioxidant capacity. The wine was also able to at-
tenuate oxidative stress in erythrocytes incubated 
with glucose or fructose. We believe that the climatic 
conditions of the region may be the key to explain the 
results of this study, aiming for the importance of 
geographical origin as a factor that indirectly acts on 
the beneficial health effects, quality and the need to 
encourage the production of wines from this region, 
giving them their own identity. 
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