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Abstract 

Background: Even though β thalassemia major is a genetic blood disorder, the damages endured by erythrocytes are 

mediated in part by oxidative stress. Antioxidants such as anthocyanins are capable to prevent the pro-oxidant effects 

induced by reactive oxygen species (ROS). 

Objective: This study aims to evaluate the in Vitro preventive effects of one natural and two synthetic anthocyanins on 

normal and β thalassemic erythrocytes on which toxicity has been induced by free radical generator: tert-butyl-

hydroperoxide TBHP. 

Methods: Erythrocytes isolated from fasting blood samples of healthy and β-thalassemic major individuals were treated 

either with TBHP alone or with TBHP after being pre-incubated with anthocyanins. Cell viability, reduced glutathione 

(GSH) and malondialdehyde (MDA) contents were measured after 90 minutes of incubation. In parallel, antiradical 

scavenging capacities of the investigated anthocyanins were also estimated by using the 2,2-DiPhenyl-1-PicrylHydrazyl 

(DPPH) assay. 

Results: The results clearly demonstrate that the treatment of erythrocytes with TBHP induces hemolysis along with 

marked redox state alteration (lipid peroxidation concomitant to GSH depletion) in both normal and β thalassemic 

erythrocytes. During the pre-treatment with anthocyanins, erythrocytes become more resistant to oxidative impairments. 

Cyanin chloride and 6,7,3’,4’-tetrahydroxyflavylium chloride effectively prevent from TBHP-induced: hemolysis, lipid 

peroxidation and GSH depletion in normal and thalassemic erythrocytes, while 3’4’-dihdroxy-7-methoxy-flavylium 

chloride had a lesser effect on MDA levels with thalassemic erythrocytes. These results go with those derived from the 

DPPH assay. 

Conclusion: Our study contributes with important insights that tested anthocyanins may exert relevant potential in 

alleviation of oxidative stress, especially the one affecting β thalassemic erythrocytes 

Keywords: anthocyanins, erythrocytes, β thalassemia major, TBHP, oxidative/antioxidative status, GSH, MDA. 
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1. INTRODUCTION 

Red blood cells (RBCs) are one of the targets of reactive 

oxygen species (ROS) generated by an oxidative stress 

environment due to the presence of a significant amounts of 

highly polyunsaturated fatty acids in their membranes, their 

rich oxygen supplies and high hemoglobin (Hb) 

concentrations which are a powerful catalyst promotors of 



erythrocytes oxidative stress [1-3]. Maintaining the integrity 

and architecture of normal RBCs should be considered as an 

important therapeutic prospect in some pathological 

conditions associated with haematological disorders [4].  

The inherited disorders of Hb production are the most 

common human monogenic disorders. Those affecting the 

adult β globin genes (HBB) such as β-thalassemia are the 

most clinically relevant [5, 6]. Despite the primary lesion is 

in the β-globin gene, the damage to the RBC being mediated 

in part by oxidative stress [7-9]. Auto-oxidation and 

precipitation of Hb released during RBC hemolysis are 

closely related to the depletion of the RBC antioxidant 

defences. In addition, subsequent therapeutic transfusion 

which is the standard treatment for those patients often 

promotes systemic free iron overloading [8, 9] resulting in 

the inability of human body to increase the iron excretion 

[10] that further potentiates the generation of ROS [11] 

through the Fenton reaction [2]. 

ROS can oxidize lipids[12], nucleic acids[13], cellular 

proteins [14]and alter the activity of transcription factors, 

membrane channels and signalling pathways[15-17]. Given 

these facts, extensive oxidizing damages on RBCs promote 

their premature death by hemolysis[18]. 

Recent reports highlight many valuable protective effects of 

naturally occurring antioxidants in biological systems[19-

21]. It has been indeed observed that natural antioxidants 

such as anthocyanins [22, 23], tea polyphenols [24], rutin 

[25] and other natural/synthetic flavonoids [26] can 

significantly improve the redox balance and counteract the 

deleterious oxidative processes in erythrocyte, thus 

contributing to extend their longevity [27]. 

Indeed anthocyanins, can act to support the cellular 

antioxidant defence mechanisms beyond the direct radical 

scavenging activity. The enhancement of SOD(Superoxide 

dismutase),CAT(Catalase), GPx(Glutathione peroxidase)and 

GR(glutathione reductase) activities , and increasement  of 

GSH(reduced glutathione) production , can contribute to 

improve cellular redox state and  potentially prevent 

oxidative stress [28]. Several studies strongly illustrate the 

importance of those antioxidant enzymes  in maintaining 

normal cellular physiology and fighting against diseases[29-

31]. 

Anthocyanins form an interesting class of flavonoids that are 

constituted by (glycosylated) polyhydroxy derivatives of 2-

phenylbenzopyrylium salts (referred to as flavylium). These 

anthocyanins constitute the pigments responsible  for most of 

the wide variety of colours from yellow to blue  displayed by 

flowers, fruits and leaves of a broad range of plants, where 

they are naturally produced [32].  

Anthocyanins have been proposed to provide protective 

functions such as plants protection against abiotic stress, 

photoprotection from UV-B irradiations and ROS 

scavenging capacities. Protection against herbivores and 

attraction of pollinators are also other functions dedicated to 

anthocyanins in terms of their relation with biotic. 

Importantly, anthocyanins are of major interest due to their 

key implications in human health care [33-36]. The main 

property of anthocyanins is indeed their antioxidant activity 

which was found to play a critical role in the prevention 

from a myriad of human diseases and infections. They can 

be of valuable use in a wide range of pharmacological 

applications against various stress conditions and chronic 

diseases such as inflammation, neuronal and cardiovascular 

complications, cognitive decline, capillary fragility and 

permeability, liver damage, lipid peroxidation, tumour 

proliferation, diabetes, and many others [22]. 

Flavonoids, including anthocyanins, can hence prevent 

injuries caused by free radicals following several 

mechanisms such as: (i) quenching of free radicals through 

donation of a hydrogen atom or by electron transfer [37]; (ii) 

chelation of pro-oxidant redox metals such as Fe or Cu, and 

formation of stable metal complexes to prevent them being 

accessible for oxidation/catalysis [38]; (iii) suppressing the 

enzymes associated with free radical generation such as 

xanthine oxidase [39], protein kinase C[40], cyclooxygenase, 

lipoxygenase, microsomal succinoxidase or NADH oxidase 

[41, 42], and (iv) stimulation of endogenous antioxidant 

enzymes by inducing phase II detoxifying enzymes (e.g., 

NAD(P)H-quinone oxidoreductase, glutathione S-

transferase, and UDP-glucuronosyl transferase) which are 

the utmost defence enzymes against intracellular xenobiotic 

and oxidative stress toxicants [37]. 

Oxidizers such as tert-Butyl hydroperoxide (TBHP) are 

known to cause metabolic alterations on RBCs[43-45]. 

Reported data have in fact  demonstrated that, once TBHP 

has exceeded the capacity of glutathione peroxidase to 

enzymatically detoxify it, TBHP reacts with cellular Hb, 

inducing Hb degradation along with lipid peroxidation which 

ultimately lead to RBC hemolysis [45, 46]. 

Based on these considerations, we have chosen to evaluate 

the capacity of a series of anthocyanins composed of one 

natural (Cyanin chloride), a naturally occurring anthocyanin 

that is widespread in fruits and vegetables such as black 

elderberry, pomegranate or snap bean. This natural pigment 

is based on a 3’,4’-catecholate unit that was shown to 

complex metal ions such as Al3+ and Ga3+[47-51]; and two 

synthetic flavyliums 6,7,3’,4’-tetrahydroxyflavylium 

chloride and 3’4’ -7-methoxy-flavylium chloride, bearing 

one and two catecholate units, respectively, to prevent TBHP 

toxicity in vitro (Figure 1). In vivo, these pigments can be 

linked to metal ions (metal complexes), interact with other 



flavonoids or polysaccharide macromolecular carriers so that 

the corresponding anthocyanins are stabilized. The synthetic 

derivatives were shown to be less prone to hydration and 

therefore more stable in aqueous solutions [48]. 

The aim of this work is to evaluate the effects of these 

natural and synthetic anthocyanins on isolated erythrocytes 

of normal and β-thalassemic major subjects that were 

challenged in vitro with TBHP, that promotes a sequel of 

oxidative events mimicking the pathophysiological pathway 

leading to cell hemolysis. To achieve this, cell viability, 

reduced glutathione (GSH) and malondialdehyde (MDA) 

levels were measured. Antiradical scavenging capacities 

were also estimated by using the 2,2-DiPhenyl-1-

PicrylHydrazyl (DPPH•) assay. 

2.Materials and Methods 

2.1. Material 

Cyanin chloride was purchased from EXTRASYNTHESE. 

3’4’-dihdroxy-7-methoxy-flavylium chloride was 

synthesized according to a reported procedure [48]. 6,7,3’,4’-

tetrahydroxy-flavylium chloride was obtained by 

condensation under acidic conditions of 3,4-

dihydroxyacetophenone and 2,4,5-trihydroxybenzaldehyde. 

224 mg of 3,4-dihydroxyacetophenone and 219 mg of 2,4,5-

trihydroxybenzaldehyde were solubilized in 20 mL of formic 

acid containing 10% of concentrated chlorhydric acid. The 

mixture was stirred at room temperature for 24 hours and 

then evaporated to dryness under vacuum. The residue was 

washed several times with ether and then solubilized in 2 mL 

of methanol acidified with 5% of concentrated chlorhydric 

acid. 6,7,3’,4’-tetrahydroxy-flavylium chloride was obtained 

as red crystals by slow diffusion of ether (35% yield). 1H 

NMR H [400 MHz, (CD3)2SO–CF3CO2D]: 8.98 (d, J 8.8, 

H-4), 8.28 (d, J 8.8, H-5’), 7.89 (dd, J 8.6 and J 2.2, H-6’), 

7.78 (d, J 2.2, H-8), 7.46 (d, J 10.3, H-5 and H-2’), 7.03 (d, J 

8.6, H-3). 13C NMR H [100 MHz, (CD3)2SO–CF3CO2D]: 

168.25, 161.12, 154.31, 154.20, 150.00, 149.67, 147.14, 

123.58, 120.89, 120.11, 117.23, 115.23, 112.42, 110.59, 

103.02 

 

 

 

Fig. 1 Chemical structures of Cyanin chloride and two 

flavylium chlorides investigated in this work 

2.2. Blood Samples 

The participation to this study was voluntary and all subjects 

gave their informed consent. The study was approved by the 

Ethical Committee of University of Tlemcen and was 

performed according to the Declaration of Helsinki. 

Fasting blood samples obtained from β-thalassemic major 

(Hb:3–7g/dl; HbA1:  0%; HbA2 :3.5 - 7 %; HbF   90 – 95%; 

Mcv :50–60fl; MCH:  12–18pg), and healthy individuals 

were collected from the arm veins in heparin. Erythrocytes 

were isolated by consecutive centrifugations and washings in 

phosphate-buffered saline PBS, (0.9% NaCl, pH 7.4) to 

remove plasma, platelets and buffy coat, then re-suspended 

in PBS at 2% haematocrit. At the beginning, cells were 

challenged with TBHP at concentrations ranging from 50 to 

1000 µM to find out the most suitable conditions. A 

concentration of 200 µM was selected as being the one 

leading to a well detectable hemolysis and redox state 

impairment under our experimental conditions. RBCs were 

then incubated under air atmosphere at 37°C for 30 minutes 

in a shaking incubator in the absence (control) or in the 

presence of anthocyanin which concentration was fixed at 

100 µM. An TBHP aqueous solution of 200 µM final 

concentration was then added. The reaction mixture was 

shaken mildly while being incubated at 37°C for 90 minutes. 

2.3. Flow Cytometry Assay of Cell Viability Using Calcein-

AM.  

To assess the cell viability, the membrane-permeable dye, 

Calcein-AM, was used following a reported method with 

some slight modifications [52]. After 90 minutes of 

incubation, erythrocytes were centrifuged, washed twice 

with the incubation buffer and re-suspended at the final 

concentration of 0.1%. Calcein-AM was then added at a final 

concentration of 2 µM and the cells were incubated at 37°C 

in the dark for additional 45 minutes. The fluorescence was 

read at excitation/emission wavelengths of 485 nm/528 nm. 

The results are expressed as a percentage of cell viability 

relative to that of control cells (cells untreated with 

anthocyanin or TBHP). 

2.4. Determination of intracellular redox parameters 

2.4.1.MDA determination 

Lipid peroxidation as represented by MDA was measured 

following the method of Draper and Hadley [53], by a hot 

acid treatment using thiobarbituric acid (TBA). After 

incubation, cooling and centrifugation, the absorption of the 

supernatant containing the MDA was measured at 532 nm. 

2.4.2.GSH Assay 

Reduced GSH contents were determined in hemolysate 

according to the method of Ellman [54], in which the 

reduction of the Ellman’s reagent (5,5'-dithiobis-(2-

nitrobenzoic acid) or DTNB) by a thiol group produces 2-

Cyanin chloride 

 

6,7,3’,4’-tetrahydroxyflavylium 

chloride 

 

3’,4’-dihydroxy-7methoxy-flavylium 

chloride 
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nitro-5-mercaptobenzoic acid, an intensely yellow compound 

which absorbance was measured at 412 nm. 

2.4.3. DPPH• radical scavenging activity 

DPPH• radical scavenging capacity of the set of compounds 

was measured according to the method described by Brand-

Williams [55] with some slight modifications. Microvolumes 

of methanolic stock solutions of the anthocyanins or the 

standard (ascorbic acid) were added to 2 mL of a methanolic 

DPPH• solution at 150 μM. The absorbance at 515 nm was 

measured every 30 seconds until a steady state was reached. 

A methanolic solution containing the anthocyanins served as 

a blank along this assay. The EC50 values that were 

calculated are defined as the amount of the sample necessary 

to decrease the initial DPPH• concentration by 50%. A high 

DPPH• radical scavenging activity is associated with a low 

EC50 value. The EC50 values were calculated according to the 

following formula: 

EC50= [(ADPPH• – A Sample)/ADPPH•)] x 100 

where ADPPH• is the absorbance value of the methanolic 

DPPH• solution in the absence of the radical scavenger, and 

A sample is the absorbance value of the methanolic DPPH• 

solution in the presence of the scavenger. The A sample was 

evaluated as the difference between the absorbance value of 

the test solution and the absorbance value of the 

corresponding blank solution. The EC50 values are reported 

in Table 1. 

2.5. Statistical Analysis 

All the experiments were carried out at least in triplicate. 

Data were expressed as means ± SD. Statistical analysis was 

carried out using STATISTICA, version 4.1 (Statsoft, Paris, 

France). 

Multiple comparisons were performed using ANOVA 

(analysis of variance) followed by Tukey post hoc test. 

Differences of P < 0.05 were considered significant. a, b, c  

and a’,b’,c’ indicated significant differences obtained with 

different incubations for healthy and thalassemic subjects 

respectively. 

3.Results 

Our result demonstrates that, thalassemic RBCs have lower 

levels of GSH and higher levels of MDA comparing to 

normal RBCs. 

As anticipated, treatment of RBCs with TBHP (200 µM) 

entails drastic cytotoxic effects on both normal and β-

thalassemic erythrocytes as evidenced in Figure 2. β-

thalassemic major erythrocytes were found to be more 

sensitive to the pro-oxidative action of TBHP leading to 

more than 46% of RBC hemolysis. 

In preventive related experiments, pre-treatment of the RBCs 

with both natural or synthetic anthocyanins significantly 

counteracted the decline in cell viability caused by TBHP in 

both the normal and β-thalassemic major RBCs. No 

statistical difference was observed between the cell 

viabilities of the RBCs pre-treated with anthocyanin and 

exposed to TBHP compared to their respective controls 

(non-treated RBCs).  

 

Fig.2 Percentage of viable RBCs from ß-thalassemic 
major and healthy subjects  

The results are exhibited as a percentage of cell viability 

relative to that of control cells (cells untreated with 

anthocyanin or TBHP). The values are means ± SD of 

triplicate assays. Multiple comparisons were performed 

using ANOVA followed by Tukey post hoc test. Differences 

of P < 0.05 were considered significant. a, b, c and a’,b’,c’ 

indicate significant differences obtained with different 

incubations for healthy and thalassemic subjects, 

respectively. 

On the other hand, MDA, the marker of lipid peroxidation, 

significantly increased in erythrocytes from β-thalassemic 

major and healthy subjects after TBHP treatment (Figure 3), 

in accordance with the RBCs hemolysis data. Treatment with 

either Cyanin chloride or 6,7,3’,4’-tetrahydroxyflavylium 

chloride significantly lowered the levels of MDA in normal, 

and β-thalassemic RBCs subjected to oxidative stress 

induced by TBHP. 3’4’-dihdroxy-7-methoxy-flavylium 

chloride stood in very interesting contrast in normal RBCs 

while it was found to be less effective than Cyanin chloride 

and 6,7,3’,4’-tetrahydroxyflavylium chloride in β-

thalassemic RBCs. A significant difference can be also 

observed between β-thalassemic and normal RBCs in 

accordance with the above described data related to RBC 

hemolysis. 

 



 

Fig.3 Intracellular MDA contents of RBCs from ß-
thalassemic major and healthy subjects 

The values are means ± SD of triplicate assays. Multiple 

comparisons were performed using ANOVA followed by 

Tukey post hoc test. Differences of P < 0.05 were considered 

significant. a, b, c and a’,b’,c’ indicate significant differences 

obtained with different incubations for healthy and 

thalassemic subjects, respectively. 

Furthermore, GSH levels measured in suspensions of normal 

and β-thalassemic erythrocytes were rapidly reduced after 

oxidation (treatment with TBHP) (Figure 4). The decrease of 

GSH contents induced by oxidative stress (TBHP) was 

markedly mitigated by all the tested anthocyanins in normal 

and β-thalassemic major RBCs and their corresponding 

levels were found to be comparable within experimental 

errors to their respective controls. 

 

Fig.4 Intracellular GSH contents of RBCs from ß-
thalassemic major and healthy subjects  

The values are means ± SD of triplicate assays. Multiple 

comparisons were performed using ANOVA followed by 

Tukey post hoc test. Differences of P < 0.05 were considered 

significant. a, b, c and a’,b’,c’ indicate significant differences 

obtained with different incubations for healthy and 

thalassemic subjects respectively. 

DPPH• is a coloured and stable free radical molecule that can 

accept either an electron or a hydrogen radical to form a 

colourless diamagnetic molecule [56]. Using absorption 

spectrophotometry allowed easily monitoring the antioxidant 

capacities of a molecule (i.e., the ability of the anthocyanins 

to scavenge free radical species). The investigation of the 

antiradical properties of three polyphenolic pigments with 

DPPH•   assay resulted to the evaluation of the EC50 values 

that are exposed in Table 1. The comparison with ascorbic 

acid used as a standard demonstrated the valuable 

antioxidant capacities of the three anthocyanins. Their 

scavenging effects expressed as EC50. 

Table1. DPPH scavenging activity: Effective concentration 
(EC50±SD) of the investigated anthocyanins and standard 
(ascorbic acid) 

Compound   EC50 ± SD (µM) 

Cyanin chloride   2.10 ± 0.11 

6,7,3’,4’-tetrahydroxyflavylium 

chloride 

 

  2.34 ± 0.15 

3’4’-dihdroxy-7-methoxy 

flavylium chloride 

 

  3.07 ± 0.14 

Ascorbic acid   4.51 ± 0.27 

 

4.Discussion 

The sequence of events following the precipitation of Hb-α-

chains and the repeated therapeutic transfusions which lead 

to systemic iron overload, markedly affect the redox status of 

the β-thalassemic RBCs [8, 57].  

In our study, we have investigated the beneficial effects of a 

natural anthocyanin and two novel synthetic flavyliums 

against the free radical generator TBHP that engendered 

severe injuries in normal and β-thalassemic major RBCs as 

analysed by cell viability and redox status. 

It is well established that thalassemic patients undergo 

chronic oxidative stress and prooxidant pools including 

malondialdehyde (MDA) [58] , protein carbonyl, and 8-

hydroxyguanine  [58-62], as a result of accumulation of 

products from oxidised biomolecules associated with  a 

depletion of the main cell antioxidants above all (GSH)[63, 

64], which makes thalassemic RBCs more vulnerable to 

oxidative stress  [7, 27, 65, 66] 

Under our experimental conditions, the treatment of 

thalassemic RBCs with TBHP triggers a cascade of oxidative 



reactions that mimic and accelerate the pathophysiologic 

events leading those RBCs to hemolysis.  

We therefore demonstrated that β-thalassemic RBCs were 

subjected to mark hemolysis comparing to the normal RBCs 

upon exposure to TBHP. Indeed, treatment with the organic 

hydroperoxidant TBHP induces significant hemolysis, 

increases MDA levels and causes significant depletion in 

GSH in both normal and β-thalassemic major RBCs. These 

data are in accordance with previous reported studies [44, 46, 

67-71] showing that exposure of RBCs to TBHP leads to 

significant decrease of GSH levels and production of ROS, 

notably OH radicals, thus inducing lipid peroxidation and 

metHb formation. The latter appears to play a critical role in 

the mechanism of RBC sensitization and lysis induced by 

TBHP. The decrease of GSH levels occurs when TBHP is 

metabolized by GSH peroxidases [72]. Chen et al  proposed 

that when the defence system leading to the reduction of 

GSSG (i.e. product of GSH oxidation by TBHP) to GSH is 

overwhelmed, TBHP is then able to produce free radicals 

and start the oxidative chain reaction in RBCs [73].On the 

other hand, the direct interaction of t-butyl alkoxy radicals 

(i.e., formed from TBHP in the presence of transition metals 

such as iron in -thalassemic RBCs) with membrane 

unsaturated fatty acids initiate lipid peroxidation and 

consequently destroy cell membranes. 

Remarkably, the -thalassemic RBCs were more vulnerable 

than normal RBCs to the TBHP, due to the weakened 

antioxidant defence and the higher amounts of hemin in their 

membrane[27] .Moreover, in the presence of oxidizing 

agents such as THBP used in this study, iron might be 

released from hemoglobin (Hb) to form methaemoglobin 

(metHb) under glutathione deficiency concomitant with lipid 

peroxidation [74] and extensive hemolysis [75]  

Due to their well‐known antioxidant activity [76-78], 

flavonoids, in particular anthocyanins have generated 

considerable interest and attention for their potential 

therapeutic properties against a wide variety of diseases.  

 Either in normal or in thalassemic RBCs, all tested 

anthocyanins were able to protect efficiently against TBHP-

induced hemolysis, thus maintaining the cell viabilities at 

values that were similar to those observed in their respective 

control RBCs (i.e., absence of TBHP). This can be mostly 

explained by one of the main anthocyanins features, i.e., 

their ability to act as efficient radical scavengers [79] as 

shown by their valuable antiradical properties towards 

DDPH radical. Complexation of pro-oxidant metal ions 

such as iron can also partly explained this property[36], this 

is consistent with several studies showing protective effect of 

anthocyanin against RBC  hemolysis meditated by free 

radical initiator [23, 80, 81] . 

These properties are also reflected by the oxidant and 

antioxidant biomarkers that were measured in this study. 

Pre-incubation of RBCs with anthocyanins significantly 

reduces MDA levels that were found to be comparable (or 

even lower) than the controls. It has been reported that 

flavonoids inhibit lipid peroxidation by acting as strong O2
- 

scavengers and O2 quenchers and also react with peroxyl 

radicals which are responsible for radical chain reactions 

during lipid peroxidation[82]. Flavonoids such as 

anthocyanins indeed, act as H-atom donors to the peroxyl 

radicals, thus inhibiting the oxidation of fatty acids by chain 

radical termination [82, 83]. Our results are in accordance 

with  many studies showing  that polyphenols enhance red 

blood cell resistance to oxidative stress induced lipid 

peroxidation both in normal and thalassemic RBCs [24, 59, 

84, 85]. It was revealed that anthocyanins particularly were 

able to inhibit lipid peroxidation in several in vitro lipid 

containing models such as liposomal membrane, liver 

microsomal system and human LDL exposed to oxidative 

injury; this protection was explained by the ability of 

anthocyanins to scavenge free radicals and simultaneously 

prevent other antioxidants from oxidation [86]. Interestingly, 

Cyanin chloride and 6,7,3’,4’-tetrahydroxyflavylium 

chloride were found to be more potent than 3’4’-dihdroxy-7-

methoxy-flavylium chloride on reducing MDA levels 

particularly in -thalassemic RBCs. This is probably due to 

their more powerful radical scavenging properties provided 

by their hydroxyl functions (Fig. 1). Furthermore, Ollila, et 

al suggested that flavonoids with more hydroxyl groups 

exhibited longer retention delays and stronger interactions 

with dipalmitoyl phosphatidylcholine (DPPC ) membrane 

interface [87]. The peculiar behaviour of 3’4’-dihdroxy-7-

methoxy-flavylium chloride toward MDA levels in -

thalassemic RBCs can also be explained by concentration or 

time-dependent reaction , since ROS levels are higher in -

thalassemic than in normal RBCs [7, 88], these increased 

ROS levels need either elevated concentrations of 3’4’-

dihdroxy-7-methoxy-flavylium chloride or more time to be 

neutralized. Sulaiman, and Hussain have indeed reported that 

anthocyanins can effectively display concentration and time 

dependent cytoprotective properties against compounds-

induced peroxidative haemolytic damages [81].  

On the other hand, pre-incubation of RBCs with 

anthocyanins including 3’4’-dihdroxy-7-methoxy-flavylium 

chloride fully restored the GSH levels at initial values both 

in normal and in β-thalassemic major RBCs, as a response to 

the alleviation of the oxidative stress, which reflects the 

beneficial effects of these anthocyanins on intracellular 

antioxidant status. These findings are consistent with 

previous studies that also demonstrate that the antioxidant 

activities of flavonoids could reinstate the GSH levels that 

were markedly decreased by the action of TBHP in 

erythrocytes [84] and other cell types [89, 90]. We could 



suggest that 3’4’-dihdroxy-7-methoxy-flavylium chloride 

acts as an antioxidant through modulation of GSH levels 

rather than a radical scavenger, since its capacity to raise 

GSH levels was found to be more relevant than its capacity 

to reduce MDA.It was demonstrated that, apart from their 

direct free radical scavenging capacities, anthocyanins may 

also exert their antioxidant effects through modulation of 

molecular mechanisms in cells. For example, cyanidin-3-O-

β-glucoside (C3G) was showed to activate GSH synthesis 

through a novel antioxidant defence mechanism against 

excessive ROS production [91]. 

5.Conclusion 

In conclusion, the results that were attained within this 

research clearly demonstrate that the tested anthocyanins 

(natural and synthetic) displayed preventive effects against 

TBHP-induced hemolysis and lipid peroxidation in normal 

and β-thalassemic major human RBCs. However, protection 

by Cyanin chloride and 6,7,3’,4’-tetrahydroxyflavylium 

chloride was found to be greater against TBHP-induced 

MDA accumulation, than that of 3’4’-dihdroxy-7-methoxy-

flavylium chloride in -thalassemic RBCs. Indeed, 3’4’-

dihdroxy-7-methoxy-flavylium chloride protect against 

TBHP-induced redox status impairment by acting as a GSH 

modulator while Cyanin chloride and 6,7,3’,4’-

tetrahydroxyflavylium chloride provided protection via their 

radical scavenging capacities.  

Based on these data obtained in vitro, the positive impacts of 

these anthocyanins in preventing oxidative stress damage 

should have prompt consideration. Therefore, additional 

biological testing will be necessary to ascertain beneficial 

inhibitory effect of tested anthocyanins against oxidative 

damage in in vitro and in vivo systems, to consider their use 

as potential therapeutic molecules in the supportive therapy 

of ß-thalassemia major. 
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ANOVA :(analysis of variance) 

C3G: cyanidin-3-O-β-glucoside 

CAT: Catalase 

Cu : copper 

DPPC: dipalmitoyl phosphatidylcholine 

DPPH: 2,2-DiPhenyl-1-PicrylHydrazyl 

Fe: iron 

Ga: gallium 

GPx: Glutathione peroxidase 

GR: glutathione reductase 

GSSG: Glutathione disulfide 

GSH: reduced glutathione 

Hb: hemoglobin 

HBB: adult β globin genes 

MDA: malondialdehyde 

Met Hb: methaemoglobin 

NAD(P)+: nicotinamide adénine dinucléotide phosphate 

NAD(P)H: reduced form of nicotinamide adenine 
dinucleotide phosphate 

O2: oxygen 

O2- : superoxide radical 

OH •: hydroxyl radical 

RBCs: Red blood cells 

ROS: reactive oxygen species 

SOD : Superoxide dismutase 

TBHP: tert-butyl-hydroperoxide 
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