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Abstract 

 

Human erythrocytes are in constant motion within the 

blood, therefore, they contact inevitably with factors such as 

different toxic substances, drugs, reactive oxygen species. 

This situation may lead to a decline in the life span of 

erythrocytes by disrupting their metabolism. In the present 

study, the effect of 7-Methoxyflavone (MP) and 7-

Hydroxy-4'-nitroisoflavone (HNF) on erythrocytes exposed 

to oxidative damage with hydrogen peroxide (H2O2) 

application has been investigated. The possible mitigating 

effect on the oxidative damage of these flavonoid derives 

have been tried to be revealed with biomarkers such as total 

superoxide dismutase (SOD), manganese SOD (MnSOD) 

and cupper-zinc SOD (CuZnSOD), catalase (CAT) and 

lipid peroxidation. H2O2 application caused serious 

decreases in TSOD and CAT enzyme activities as well as 

the band intensities of MnSOD and CuZnSOD isoenzymes 

in erythrocytes. In addition, this H2O2 increased critically 

the oxidative products of lipid peroxidation. MP and HNF 

treatment significantly reduced the level of lipid 

peroxidation by increasing the antioxidant enzymes 

activities of erythrocytes in oxidative stress. As a result, it 

has been revealed that MP and HNF contributes to the 

attenuation of oxidative damage in human erythrocytes with 

its own antioxidant effect and/or by promoting antioxidant 

enzymes. 
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1. Introduction 

 

Organisms are constantly exposed to reactive 

oxygen species (ROS) result from exogenous factors 

such as infectious agents, pesticides, air pollution, 

stress, smoking and antineoplastic drugs as well as 

redox reactions in cells (Yokoyama et.al., 2017; 

Boukhenouna et. al., 2018). While low amounts of 

ROS play a role as signal molecules for metabolic 

events, excessive ROS could lead to disruption in the 

functions of cell and tissues by causing oxidative 

damage (Murphy et. al., 2011).  

Reactive oxygen species are tried to be 

eliminated by antioxidant defence systems consisting 

of antioxidant matters and antioxidant enzymes such 

as superoxide dismutase and catalase (Klaunig and 

Kamendulis, 2004). However, the antioxidant defence 

systems might be insufficient to eliminate them when 

ROS reach high concentrations. In this case, these 

radicals damage to all cell components such as DNA, 

proteins and lipids (Marengo et. al., 2016). The cell 

and organelle membranes are very sensitive to ROS 

due to their excessive lipid contents. As a result of the 

reaction of reactive oxygen species with lipids in the 

membranes, lipid peroxidation event occurs 

irreversibly in the biologic membranes, this situation 

could lead to the loss of membrane function by 

breaking down the membrane integrity (Esterbauer et. 

al., 1991). 

Hydrogen peroxide does not actually show the 

radical property but it easily diffuses into the 

cytoplasm and could be the precursor molecule of 

ROS. It could cause oxidative damage through Fenton 

and similar reactions and thus is also used as a 

prooxidant in the in vivo and in vitro experiments 

aimed at investigating oxidative damage in cells  

(Sánchez-Gallego et. al., 2010). 

The human body consists of many special 

tissues and cells. Erythrocytes consistently carry 

oxygen to these tissues and cells for the continuation 
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in a healthy way of their special functions (Mohanty 

et. al., 2014). However, erythrocytes have more 

contact than other cells with oxidant agents due to 

their constantly mobile in the blood tissue and this 

situation make them more vulnerable to oxidative 

damage (Ross et al., 1999). They could be haemolysis 

due to oxidative damage in case of the inability of 

their antioxidant defence systems for elimination of 

these oxidant agents. This situation might lead to the 

various diseases resulting from anaemia manifesting 

itself with insufficient oxygen symptoms in all 

tissues. In recent studies, it has been emphasized that 

exogenous or dietary antioxidants should be taken to 

prevent or reduce the oxidative damage in 

erythrocytes.  (Sánchez-Gallego et. al., 2010; 

Tulipani et. al., 2011). 

Flavonoids are plant secondary metabolites that 

have the ability to scavenge reactive oxygen species. 

Recently, interest in flavonoids and their derivatives 

has increased significantly due to their protective 

effects against oxidative damage and they have been 

used to as antioxidant in many studies (Sánchez-

Gallego et. al., 2010; Rodríguez-García et. al., 2019). 

Gopinath et al. (2011) reported that flavonoid 

derivatives exhibited neuroprotective effects. It has 

also been demonstrated that some flavonoid derives 

have cardioprotective and hepatoprotective effects 

(Luo et. al.,2017; Testai et. al., 2015; Kim et. al., 

2017). Moreover, they could play a role as anti-

inflammatory and immunomodulatory (García-

Lafuente et. al., 2009; Mesaik et. al., 2009). In 

addition, flavonoid derivate luteolin and orientin were 

used to eliminate oxidative damage in erythrocytes 

(An et. al., 2016). 

 
Figure 1. Chemical structure of 7-Methoxyflavone 

(a) and 7-Hydroxy-4'-nitroisoflavone (b) 

 

However, to our knowledge, there is not any 

study explaining the effects on oxidative damage of 

flavonoid derivate 7-Methoxyflavone and 7-Hydroxy-

4'-nitroisoflavone Figure 1. In this study, it has been 

tried to be revealed with biomarkers such as 

antioxidant enzyme activities, their isoenzymes, and 

lipid peroxidation whether these flavonoid derives are 

effective on alleviation of the oxidative damage in 

erythrocytes. 

 

2. Material and methods 

 

2.1 Preparation of erythrocyte samples and 

oxidative damage model 

 

For this study, erythrocyte samples of healthy, 

non-smokers aged between 20-30 years were 

procured from the Agri State Hospital Blood Center. 

To separate the plasma, the samples were centrifuged 

at 4500 rpm for 10 minutes and then erythrocytes 

obtained were gently washed with physiological 

saline three times. RPMI 1640 medium, developed by 

Roswell Park Memorial Institute to be used as a 

medium for eukaryotic cells, was added to the 

erythrocytes at ten times the volume of the cells 

(Moore et. al., 1967). This study was duly approved 

by Scientific Research Ethics Committee of Agri 

Ibrahim Cecen University. The H2O2 concentration to 

be used in the study was determined by preliminary 

studies and it was decided to be 100 µM by 

measuring the lipid peroxidation levels one day after 

the H2O2 applications. All chemicals except for MP 

and HNF were obtained from Sigma Aldrich. MP and 

HNF were purchased from Fluorochem UK.  To 

dissolve MP and HNF, it was used to dimethyl 

sulfoxide (DMSO). This study was conducted with 

control, H2O2, MP and HNF (10, 50, and 100 µM) 

groups, respectively. The experiment groups were 

incubated at 37 ° C for 24 hours. Afterwards, it was 

determined antioxidant enzyme activities and 

oxidative damage levels with these samples. 

 

2.2 Determination of antioxidant enzyme 

activities and the superoxide dismutase isoenzymes 

 

The total SOD activity was determined with the 

method based on the measurement at 560 nm of the 

amount of blue complex-formazan, which is formed 

with a reaction of nitro blue tetrazolium chloride and 

superoxide anions (Beauchamp and Fridovich, 1971). 

This reaction takes place in a lighted environment. In 

this reaction, riboflavin is used to produce superoxide 

anion in presence of methionine which is an electron 

donor. One-unit of total SOD is expressed as the SOD 
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amount reducing in the rate of fifty percent the 

formazan formation. 

Catalase activity was measured by the method of 

(Aebi, 1984). After the erythrocytes were lyzed and 

suspended in 50 mM potassium phosphate buffer (pH 

7.0) at 25 °C for 30 min, the lysates were mixed 30 

mM hydrogen peroxide. The alteration of hydrogen 

peroxide was measured at 240 nm for 3 min and the 

enzyme activity was determined with an extinction 

coefficient of 0.0436 mmole−1 cm−1 for H2O2. 

To detected the isoenzymes of SOD, it was used 

10 % polyacrylamide gel electrophoresis (Native-

PAGE) defined by Laemmli (1970) method. SOD 

isoenzymes were detected at 120 V by the gel staining 

method described by Beuchamp and Fridovich (1971) 

Isoenzymes band intensities were measured by 

comparing to control values in Gelanalyzer program. 

 

2.3 Determination of lipid peroxidation  

 

The method described by Chang et al. (2013) 

was used to measure the lipid peroxidation levels. 

After 24-hour from treatments, the cells were lysed 

and centrifuged at 3500 g for 5 minutes.  HCl solution 

containing TBA and TCA was mixed with the 

supernatant and then the mixture was incubated in 

boiling water for 30 minutes. After incubation, the 

reaction was stopped by transferring the mixture into 

an ice bath. The mixture was centrifuged again for 5 

minutes at 5000 g. Afterwards, the absorbance of the 

supernatant was measured at 532 nm. The amount of 

MDA, a lipid peroxidation product, was calculated 

and then it was expressed as μM. gˉ¹ haemoglobin. 

 

2.4 Statistical analysis 

 

In this study, the results are the average of the 

values obtained from 3 repetitions of samples. To 

comparison of the results at p<0.05 significance level, 

one-way analysis of variance (ANOVA) and 

Duncan's Multiple Comparison Test in SPSS 20 

package program were used. 

 

3. Results  

 

As seen from the Figure 2, H2O2 reduced 

seriously total SOD activity compared to the control. 

MP and HNF supplementations reverted to important 

degrees the H2O2-based reduction in total SOD 

activity. 

 

 
Figure 2. Effects of H2O2, MP and HNF (10, 50 and 

100 μM) treatments on superoxide dismutase 

activities in erythrocytes. Significant differences are 

indicated by different letters (p< 0.05). 

 

Figure 3 clearly shows the change in the 

isoenzymes of SOD in NATİVE Gel. The band 

densities of SOD isoenzymes were also determined 

with a Gel Analyzer program and expressed with 

numerical values under Figure 3. To calculate the 

density of bands obtained from treatments, the control 

values of Mn SOD and CuZn SOD band densities 

was accepted as 100 %. H2O2 declined critically the 

band intensities of Mn SOD and CuZn SOD 

isoenzymes. However, MP and HNF treatments 

significantly increased the band intensities of these 

isoenzymes as compared to alone H2O2 groups. 

 

 
Figure 3. Effects of H2O2, MP and HNF (10, 50 and 

100 μM) treatments on relative band intensity of Mn 

SOD and CuZn SOD isoenzymes in human 

erythrocytes. 
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Figure 4 clearly shows that under oxidative 

stress, catalase activity exhibited an important 

decline. MP and HNF supplementations significantly 

reversed the H2O2-based inhibition in catalase 

activities (p<0.05).  

 

 
Figure 4. Effects of H2O2, MP and HNF (10, 50 and 

100 μM) treatments on catalase activity in 

erythrocytes. Significant differences are indicated by 

different letters (p< 0.05). 

 

Compared to the control, the MDA content was 

sharply increased under oxidative stress. However, 

MP and HNF treatments was reduced MDA contents 

under the stressed conditions (Figure 5). 

 

 
Figure 5. Effects of H2O2, MP and HNF (10, 50 and 

100 μM) treatments on on lipid peroxidation level in 

erythrocytes. Significant differences are indicated by 

different letters (p< 0.05). 

 

4. Discussion 

 

Erythrocytes with a very short life span are the 

most number cells compared to other cells in the 

human body. The fact that erythrocytes are the only 

factor carrying oxygen to all tissues exert that they are 

very important for the continuation of metabolic 

functions and survival of cells, tissues, organs. 

However, their life span could shorten even more due 

to their constant movement and exposure to oxidants. 

Erythrocyte deficiency in blood tissue manifests as 

anaemia, and other all tissues and cells are seriously 

affected by oxygen deficiency (Libregts et. al., 2011). 

Many factors such as smoking, stress, 

antineoplastic drugs could cause various damages on 

erythrocytes by disrupting their metabolism and 

structural integrity. This could lead to a decline in 

their oxygen-carrying capacity and end their lives. 

The most important factors causing oxidative damage 

in erythrocytes are endogenous or exogenous origin 

reactive oxygen species (Gonzales et. al., 1984). 

Hydrogen peroxide is an oxidant agent commonly 

used for the design of in vivo and in vitro 

experiments. Actually, hydrogen peroxide is a non-

radical molecule but it could easily pass from 

biological membranes and become the precursor of 

reactive oxygen molecules through Fenton reactions 

(Sánchez-Gallego et. al., 2010). 

The reactive oxygen species are tried to be 

eliminated by the defence system consisting of 

antioxidant enzymes and antioxidant matters in cells. 

In case of insufficient of the antioxidant defence 

system, these radicals show destructive effects by 

reacting with cell components such as DNA, protein, 

and lipid molecules (Marengo et. al., 2016). It is also 

well known that flavonoid derivatives consisting of 

biologically active polyphenolic compounds provide 

support to the antioxidant systems in organisms 

(Nabavi et. al., 2020). Superoxide dismutase is the 

first enzyme of the antioxidant defence process, and 

converts the superoxide radical to hydrogen peroxide 

and molecular oxygen. In the present experiment, the 

SOD activity in erythrocytes exposed to H2O2 showed 

a serious decline as consistent with the results of a 

previous study (An et. al., 2016). On the other hand, 

MP and HNF applied together H2O2 significantly 

increased the SOD activity. There are studies 

reporting that different flavonoid applications 

increase SOD activity in erythrocytes exposed to 

oxidative damage however, the effects of MP and 

HNF application on SOD enzyme activity was 

demonstrated for the first time in the present study. 

Also, the changes in the SOD isoenzymes of the 

erythrocytes under oxidative stress were detected and 
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demonstrated electrophoretically for the first time in 

this study. H2O2 application caused serious decreases 

in the band intensities of MnSOD, CuSOD and 

ZnSOD isoenzymes. As seen in the Figure, while 

MnSOD (88 kDa) appears as a separate band in native 

electrophoresis, CuSOD and ZnSOD seem as a single 

band (CuZnSOD) together due to their same 

molecular weight (36 kDa) (Weydert et. al., 2010). It 

can be clearly seen from the Figure that MP and HNF 

applications significantly increased the band densities 

of SOD isoenzymes compared to alone H2O2 

application. This might be due to the stimulant effect 

of this flavonoid derivative on SOD enzymes and 

isoenzymes. The catalase is capable of converting the 

hydrogen peroxides formed by SOD or exogenous 

source into water and oxygen. H2O2 applied to the 

erythrocytes significantly reduced catalase activity as 

compatible with results by reported (An et. al., 2016). 

MP and HNF applications caused a significant 

increase in catalase activity compared to only H2O2 

application. it is highly probable that the increase in 

both SOD and CAT activities result from the 

stimulant effect on these antioxidant enzymes of MP 

and HNF. In addition, MP and HNF might have 

contributed to the stabilization of these enzymes by 

scavenging the reactive oxygen species with their 

own antioxidant effects. 

ROS cause lipid peroxidation event by reacting 

with the biologic membrane lipids when the power of 

antioxidant defence systems is insufficient to 

scavenge radical oxygen derivatives. Lipid 

peroxidation continues in a chain by causing 

irreversible damage to membranes. Malondialdehyde 

formed as a product of lipid peroxidation is accepted 

as a good indicator in determining the level of lipid 

peroxidation. Lipid content of the human erythrocyte 

membranes is much higher than other cells and thus, 

they are more susceptible to the destructive effect of 

ROS. In the present work, H2O2 applied to the human 

erythrocytes caused a serious increase in lipid 

peroxidation level. It is already known that H2O2 

damages through lipid peroxidation in many cells 

including erythrocytes (An et. al., 2016; Hong and 

Liu, 2004; Ajila and Rao, 2008). This devastation 

effect of H2O2 on membranes of the human 

erythrocytes can be explained with its reactive 

precursor property although it is non-radical. On the 

other hand, MP and HNF treatments significantly 

reduced the lipid peroxidation triggered by H2O2. It is 

very likely that MP and HNF achieved this by 

removing the H2O2 directly and/or by providing a 

stimulant effect in antioxidant enzyme activities.  

 

5. Conclusion 

 

Flavonoid derivates MP and HNF significantly 

reduced the H2O2-induced oxidative damage in 

human erythrocytes by scavenging reactive oxygen 

species and/or by stimulating antioxidant defence 

system. It is recommended to investigate the drug 

active substance potentials of MP and HNF with in 

vivo studies. 
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