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Abstract 

Introduction: Oxidative stress is a phenomenon induced by an imbalance between production and the biological system's ability to 
readily detoxify oxygen reactive species (ROS) in cells. It has been shown that grape juice can reduce oxidative stress due to the presence 
of polyphenols. The aim of this study was to evaluate the eff ect of fresh red grape juice and grape fermentative product on oxidative stress in 
human erythrocytes.

Methods: 5 ml of blood from 125 healthy individuals as control group collected in EDTA containing tubes. To perform biochemical assays, 
erythrocytes were incubated at 37 ºC for diff erent times including 4, 24, 48, and 72 hours in the presence or absence of grape juice and grape 
red wine in amounts of 5 ml. 

Results: Grape juice and grape red wine reduced lipid peroxidation and increase of thiol groups, and total antioxidant capacity after 24 
hours of treatment (p < 0.05). Also, the activity of catalase enzyme was increased 4 and 24 hours after treatment with red wine and grape juice, 
respectively. 

Conclusion: Grape juice and grape fermentative product may improve the antioxidant power of erythrocytes. This may lead to reducing 
the risk of free-radical damage and chronic diseases. However, more research with a higher number of samples is necessary to confi rm the 
antioxidant eff ect of grape juice and red wine on human erythrocytes.

Introduction
Today, after years of research and studies over the past 

decades, free radicals have been found to play a role in 
the pathogenesis of different diseases, including diabetes 
mellitus, rheumatoid arthritis, cardiovascular disease, 
asthma, aging, and various cancers [1]. Radicals oxygen-free 

(ROS) refer to molecules that have unpaired electrons in 
their valence layer. These molecules are highly reactive due 
to this electron deϐiciency. High levels of ROS inside cells 
cause damage to macromolecules including lipid, protein, and 
nucleic acid [2]. It has been shown that fruits and vegetables 
that have antioxidant properties can protect these cellular 
macromolecules against oxidative damage [3]. Grape is one of 
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the most popular fruits that have been used by humans since 
ancient times [4]. Red wine is one of the fermented grape 
products. This popular global beverage is rich in antioxidants 
such as phenolic acids, stilbenes (trans-resveratrol), and 
ϐlavonoids [5]. Previous studies have shown that there is a 
beneϐicial relationship between moderate consumption of red 
wine and antioxidant systems [6,7]. Polyphenols are effective 
antioxidant compounds found abundantly in red wine. Red-
wine polyphenols have been implicated in various biological 
processes such as free radical elimination and inϐlammation 
modiϐication, chemical modiϐication, and oxidation both in 
the laboratory and in the natural environment [8,9]. Besides, 
ϐlavonoids, procyanidin, and resveratrol in grape juice acts as 
an antioxidant by purifying dynamic oxygen species [4]. It has 
been reported that grape polyphenols have biological effects 
on antioxidant pathways in blood cells [10]. 

Erythrocytes are the most important type of blood cells that 
transmit oxygen from the lungs to body tissues via blood ϐlow. 
Due to the absence of cell organelles particularly the nucleus 
and mitochondria, erythrocytes have a limited capacity of 
metabolism and low ability to the reducing of oxidative stress 
[11]. For this reason, there is critical to identify the component 
that improves the antioxidant capacity of erythrocytes. It 
seems several factors such as lifestyle and nutrition play a 
key role in reaching this purpose. Although the fundamental 
mechanisms are still poorly understood, evidence shows that 
grape juice has a potential to increased antioxidant capacity 
of erythrocytes. In this regard, Toaldo, et al. demonstrated 
that grape juice polyphenols can increase the antioxidants 
capacity of plasma and erythrocytes of humans [12]. Although 
the antioxidant inϐluence of grape juice has been reported in 
different tissue and cells [13,14], however data on changes 
of oxidative stress markers in biological processes such as 
lipid oxidation and enzymatic reaction in healthy populations 
are few. In the present study, we evaluated the effects of 
fresh red grape juice and grape fermentation product of 
oxidative response in human erythrocytes by enzyme activity 
assessment in vitro. 

Materials and methods
Preparation of erythrocytes

This experimental study was conducted on the erythrocyte 
of a healthy individual who referred to Health Center 
Laboratory Hamadan University of Medical Sciences. In this 
study, after obtaining consent to participate in the study, 5 ml 
of blood was collected from 125 healthy individuals (20-35 
years old) as a control group in ethylenediamine tetra-acetic 
acid (EDTA) contained tubes. Erythrocytes were isolated by 
centrifugation (5 min, 180 rpm at 4 °C) and washed three 
times with isotonic phosphate buffer (pH = 7.4). After each 
wash, centrifugation was performed, and the supernatant was 
carefully removed. Then 50 μl of erythrocytes was placed in 
aerobic conditions in a culture medium containing red wine 
and high grape juice at speciϐied concentrations. Informed 
consent was obtained from each subject in this study before 
data collection. Control was matched by age (adults), and to 

have resided in the Hamadan. An inclusion criteria for controls 
was no previous history of any disease and residence located 
in Hamadan at the time of the study. The exclusion criteria for 
controls were including dissatisfaction with participation in 
the study.

Chemicals

Reagents and chemicals were provided from Sigma-
Aldrich (St. Louis, MA, USA); Acetate buffer, ferric chloride, 
2,4,6-tripyridyl-S-triazine (TPTZ), 2-thiobarbituric acid (TBA), 
tetra ethoxy propane (TEP), 5,5-Dithiobis-2-nitrobenzoic acid 
(DTNB), trichloroacetic (TCA), 2, 4, 6-tripyridyl- S-triazine 
(TPTZ), Tris base, n-butanol, hydrochloric acid (HCL), EDTA.

Analysis of erythrocyte enzymes

At intervals of 24, 48, and 72-hour medium was centrifuged, 
and erythrocytes were isolated.

Then they were washed three times with phosphate buffer. 
Erythrocytes were lysed using cold hypotonic phosphate 
buffer. Then, in all samples, hemoglobin concentration was 
adjusted to 1 g/dl. Hemoglobin concentration was measured 
by the cyanmethemoglobin method. To study the behavior 
of hemoglobin and its conformational change, the optical 
absorption of the samples was measured in the wavelength 
range of 200 to 650 nm. Oxidized forms of hemoglobin 
exhibit maximum optical absorption at 560, 577, and 630 
nm. Furthermore, to study the interaction of heme-heme 
rings and heme-globin interaction, the optical absorption of 
the solutions was measured at 420 and 340 nm, respectively. 
Whole blood with anticoagulant, trisodium citrate, was 
prepared using cyano meth hemoglobin. Drabkin’s reagent 
is used to dilute blood (In the ratio of 20 μl blood to 5 ml of 
Drabkin).

The measurements were performed with the Biovision 
Competitive ELISA Kit based on the kit catalog (15). Total 
antioxidant capacity (TAC) was measured by the ferric 
reducing ability of plasma (FRAP) manual method. It was 
determined according to the Benzie and Strain method [16]. 
In this method, the antioxidant compounds at low pH were 
measured by reduction of the Ferric Tripyridyl triazine complex 
(Fe III-TPTZ) to ferrous Fe II form by absorbance changes at 
593 nm. In this method, 100 μg of liver tissue was added to 
3 ml of FRAP reagent and read at 593 nm. The sample was 
then vortexed and incubated at 37 °C for 4 minutes and read 
again by light absorbance. All values were prepared according 
to Table 1. For this study, the Yagi method was performed 

Table 1: Standard concentration of total antioxidant capacity test. 
Standard Concentration(mM) FeSO4 .7H2O Solution(ml) Distilled water (ml)

0.1 1 9
0.2 2 8
0.4 4 6
0.6 6 4
0.8 8 2
1 10 0
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using spectrophotometry [17]. In this method, 100 μl of the 
sample was added to 100 μl of SDS, 0.5 ml of acetic acid, 1.5 ml 
of TBA, and 200 μl of water. The tubes were then cooled with 
water, and 3 mL of butanol was added and shaken vigorously. 
The tubes containing the samples were centrifuged at 1000 
g force. The supernatant containing butanol was removed. 
Finally, the ϐluorescence emission spectra were measured 
using ϐluorimetry at 553 nm. For drawing the standard curve, 
different dilutions of tetra ethoxy propane (TEP) were used 
(Supplemental Figure 1). Protein thiol (P-SH) and non-protein 
(GSH) groups are highly susceptible to oxidative damage. This 
group reduces under oxidative conditions. 2, 2-Dinitrobenzoic 
acid (DTNB) colorimetric method was used to evaluate the thiol 
groups. DNTB creates a yellow complex with these groups. This 
complex has maximum absorption at 412 nm. Brieϐly, 50 μl of 
homogenate was incubated with 150 μl of Tris-EDTA buffer, 10 
μl of DTNB reagent and 790 μl of absolute methanol for 15 min 
at room temperature. It was then centrifuged at 1000 g for 10 
minutes, and the supernatant absorbance was read at 412 nm 
(A1). To prepare the buffer, weighed 0.302 g of tris and 0.058 g 
of EDTA to 8 ml volume. DTNB Blanket B solution includes all 
of the above ingredients and steps except supernatant. Sample 
blank (A2) contains all ϐirst step (A1) components except 
DTNB. Finally, the concentration of thiol groups was calculated 
from the formula =1.57 mM × (A1 – A2-B).

Statistical analysis

In this study, SPSS 16 software was used for data analysis. 
An independent t-test was used to compare observations 
using central indices and scatter plots and agreement tables. 
A paired t-test was used to compare the outcome before and 
after the intervention. Tests were considered signiϐicant at 
the 0.05 level. 

Results 

Lipid peroxidation levels

The results of lipid peroxidation in the study groups 
showed that in the treated groups 24 hours after the 
beginning of the study, the rate of lipid peroxidation under the 

inϐluence of grape extract and the fermented grape product 
was signiϐicantly decreased compared to the control group 
(p < 0.01) (Figure 1).

Total Antioxidant Capacity (TAC)

The results of the study on the effect of grape extract and 
fermented grape product on TAC in the study groups was 
shown in Figure 2. During the 24 hours after the beginning 
of the study, the amount of TAC was signiϐicantly increased in 
the groups treated with grape extract compared to the control 
group (p < 0.05).

Total Thiol Groups (TTGs)

As shown in Figure 3, the results of the survey showed a 
signiϐicant increase in the amount of TTGs affected by grape 
extract and fermentation products during the 24 hours after 
the study (p < 0.05) (Figure 3).

Measurement of hemoglobin levels

The results of hemoglobin levels in the study groups 
showed no signiϐicant difference in presence of absence of 
grape extract and fermentation products (Figure 4).

Supplemental Figure 1: Standard curve of lipid peroxidation test.

Figure 1: Malondialdehyde (MDA) content in control and grape extract-treated 
groups and fermented grape products (0.15 ml/ml erythrocyte). All data are 
presented as SD ± Mean, *(p < 0.05), **(p < 0.01) compared to control.

Figure 2: Total antioxidant capacity (TAC) in control and treated groups with 
grape extract and fermented grape product (0.15 ml/ml erythrocyte). All data are 
presented as SD ± Mean, *(p < 0.05), **(p < 0.01) compared to control.
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Catalase activity rate

The results of the catalase activity in the study groups 
showed that during the 4 and 24 hours after the beginning of 
the study, the fermented grape product and the grape extract, 
respectively, had a signiϐicant increase compared to the 
control group (p < 0.01) (Figure 5).

Discussion 
Oxidative stress occurs when the critical balance between 

ROS production and antioxidant molecules is disrupted. In 
this condition, cells function against the oxidant effects via 
activation or silencing of genes encoding defensive enzymes, 
transcription factors, and structural proteins [18]. It has 
been shown that increased oxidative stress is associated with 
severe cellular damage such as the accumulation of oxidation 
products of lipids, nucleic acids, proteins, and ultimately 
cellular dysfunction [19]. Membrane lipids are the ϐirst 
targets of various reactive oxygen. It has been reported that 
malondialdehyde (MDA) is one of the important lipid oxidation 
products of cells [20]. This oxidation product can inϐluence 
gene expression and protein synthesis that these processes 
can lead to chronic diseases [20]. As Figure 1 shows, in our 
study, we found the MDA level signiϐicantly was decreased 
after incubation of erythrocytes with red wine. This ϐinding 
is particularly important because it has been demonstrated 
that a high level of lipid oxidation products is involved in the 
development of cardiovascular diseases, cancer, neurological 
disorders, and also in aging [21,22]. Also, studies have shown a 
relationship between grape juice, which is rich in polyphenols, 
with a lower level of oxidative stress as well as reduction 
of hypertension and chronic disease incidence [15,23]. In 
addition, Tedesco et al. demonstrated that due to ROS attack 
to the erythrocyte membrane oxidation of lipids and proteins, 
as well as hemolysis and hemoglobin levels, increased [24]. 
Although our results showed a reduction of lipid peroxidation, 
however, we don't ϐind any signiϐicant difference in 
hemoglobin level in the presence or absence of grape juice and 
grape red wine. In the present study, serum TAC showed an 
increased level 24 hours after the incubation with grape juice 
in comparison to the controls. As decreased TAC is reported 
as oxidative stress markers in plasma and erythrocytes of 
healthy populations during aging [25], we hypothesis that 
the measurement of the TAC may be the primary biochemical 
approach towards the evaluation of oxidative stress during 
lifespan. On the other hand, upon dietary intervention such as 
the use of vegetables and fruits, which are rich in antioxidants 
can improve redox homeostasis, especially in erythrocytes. 
The change of biological enzyme is the other important 
biomarker of the antioxidant status in humans. CAT, as an 
oxidant defense of erythrocytes, is the enzyme that converts 
toxic hydrogen peroxide to hydrogen and oxygen. Several 
studies have shown the decreased activities of these enzymes 
during oxidative stress as well as aging [26,27]. However, in 
our study CAT activity in erythrocytes was induced with grape 
juice and fermented grape product. This ϐinding is consistent 
with studies that suggest that polyphenols in tropical juice 
affect antioxidant pathways including enzyme activities 
[28,29]. These results make grape juice a good antioxidant 
drink that can prevent the unfavorable effect of peroxyl 
radical to erythrocyte such as hemolysis or reduction of the 
half-life. In spite of the antioxidant activity of grape reported 

Figure 3: The amount of thiol groups in control and treated groups with grape extract 
and fermented grape product (0.15 ml/ml erythrocyte). All data are presented as SD 
± Mean. *(p < 0.05), **(p < 0.01) compared to control.

Figure 4: Hemoglobin level in control and treated groups with grape extract and 
fermented grape product (0.15 ml/ml erythrocyte). All data are presented as SD ± 
Mean, *(p < 0.05), **(p < 0.01) compared to control.

Figure 5: Catalase activity in control and treated groups with grape extract and 
fermented grape product (0.15 ml/ml erythrocyte). All data are presented as SD ± 
Mean, *(p < 0.05), **(p < 0.01) compared to control.
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by previous studies as well as in Islamic Recourses [30], 
however, we believe that Islamic opinion of the medicinal and 
nutritional properties of grape juice should be considered. 

Conclusion
Erythrocytes are constantly exposed to ROS. However, the 

unfavorable effect of ROS can be reduced by grape juice and 
fermented grape product. Several parameters are being used 
to evaluate the extent of the antioxidant effect of grape juice 
including TAC and changing of enzyme activity. Our ϐindings 
indicate that the time point of 24-hour is sufϐicient for the 
antioxidant effect of grape juice and grape fermentation 
products. Since the change of these parameters of erythrocytes, 
as model cells of humans, may be an important prognostic 
biomarker of oxidative stress it seems a regular evaluation 
of these biochemical parameters be helpful in the timely 
prevention of oxidation-relate diseases.

Also, the fermented grape product has beneϐicial effects 
that are in line with other information in this ϐield. One study 
has shown that red wine prevents the oxidative stress caused 
by glucose and fructose in human erythrocytes in vitro [21].

This study found that red wine reduced lipid peroxidation 
and increased total antioxidant power in cells. However, more 
research with a higher number of samples is necessary to 
accurately detect the antioxidant effect of grape juice and red 
wine on human erythrocytes.
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