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ABSTRACT 

The aim of the study is to compare the antioxidant and anti-inflammatory activities of three different plant derived molecules 
(Quercetin, Hesperidin and Gallic Acid) on human RBC by using Vitamin E as standard. Here we had generated oxidative stress by 
using heat as well as chemicals like Hydrogen peroxide and the protective activity of the these three phytomolecules were observed 
in respect to vitamin E. The biochemical mechanism of action was investigated in terms of scavenging of free radicals. Hesperidin, 
Quercetin and Gallic Acid showed (10−200 μg/ml) decrease in cell damage in H2O2 induced damage & Hypo-saline model in a 
concentration dependent manner in ex vivo models. IC50 Value of Hesperidin, Quercetin, Gallic Acid in H2O2 models were 41.93 ± 
0.34 µg/ml, 65.68 ± 0.72 µg/ml, 93.15 ± 0.53 µg/ml respectively whereas value of Vitamin E was 22.08 ± 0.32 µg/ml and IC50 Value of 
Hesperidin, Quercetin, Gallic Acid in Hypo-saline model were 43.19 ± 0.34 µg/ml, 75.91 ± 0.57 µg/ml, 105 ± 0.44 µg/ml respectively 
whereas value of Vitamin E was 17.79 ± 0.33 µg/ml. The antioxidant activity was compared on the basis of generation of oxidative 
stress in the hRBC cells & inhibition of oxidative stress by the phytomolecules. The study had established that Hesperidin mediates 
more antioxidant & anti-inflammatory activity than Quercetin and Gallic Acid in hRBC via its free radical scavenging activity.   
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INTRODUCTION 

xidative stress is the common pathological 
problem in inflammation, neurodegenerative 
disorder, neoplasm, Alzheimers’ disease and 

ageing. Oxidative stress is the disturbance between 
production of reactive oxygen and nitrogen species (ROS, 
RNS) and anti-oxidant defense.1 Oxidative stress is 
responsible for production of free radicals – which can 
damage the components of cells like protein, DNA, 
mitochondria and ultimately leads to the death of the 
cells. Protective mechanisms against oxidation include 
prevention of formation of reactive oxygen species (ROS), 
scavenging of various forms of ROS, and repair of oxidized 
cellular contents. In general any partial defect in any of 
these systems can cause damage to the cells and promote 
senescence. Cells contain a number of antioxidant 
defenses to decrease the production of ROS, but 
production of ROS in certain cases exceeds the cell's 
antioxidant capacity and as a result oxidative stress is 
generated. Host survival depends upon the ability of cells 
and tissues to adapt to or resist the stress, and repair or 
remove damaged molecules or cells. A number of stress 
response mechanisms have been evolved for these 
purposes, and they are rapidly activated in response to 
oxidative insults. Some of the pathways are preferentially 
linked to enhanced survival, while others are more 
frequently associated with cell death.

2-3
 Recently it has 

been found that, inborn defects of the antioxidant system 
interfere with the various protective mechanisms of the 
RBC cells and effects of several pure flavonoids has good 

membrane protective activity against damage of the 
cells.4 Antioxidants play important role in the 
management of oxidative stress. An antioxidant is the 
molecule that inhibits oxidation of other molecules by 
removal of free radical intermediates and as a result 
formation of oxidative stress is prevented. But all the 
antioxidants do not work by the same mechanism. Some 
of them work by free radical scavenging assay (Example: 
Vitamin C, Vitamin E), by inhibition of free radical 
formation (Example: Flavonoids) and by cell damage 
repair.

5
 

Vitamin E is a generic term for a group of tocol and 
tocotrienol derivatives and since the discovery 
that vitamin E is the major lipid soluble antioxidant in 
skin.

6
 Due to the potent antioxidant properties of 

tocopherols, the impact of α-tocopherol in the prevention 
of chronic diseases believed to be associated with 
oxidative stress. Recent observation shows that the α-
tocopherol transfer proteins in the liver for incorporation 
into plasma lipoproteins, and α-tocopherol has signaling 
functions in vascular smooth muscle cells. Tocopherol 
with similar antioxidative properties, have raised interest 
in the roles of vitamin E beyond its antioxidative 
function.7 

Quercetin has been reported to be effective in 
inflammation, arteriosclerosis, bleeding, allergy and 
swellings. It is also known to be associated with reduced 
risk of certain types of cancers. However, the major 
problem associated with the use of Quercetin, is the very 
low bioavailability.

8
 Quercetin (3,5,7,3´,4´-pentahydroxy 
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flavone) is one of the most abundant bio-flavonoids. It is 
present in edible fruits and vegetables and beverages 
mainly as two glucosides, with the highest content in 
onions, apples and red wine. Epidemiological studies 
suggest it shows protective activity against coronary heart 
disease and stroke. Potential mechanisms include the 
inhibition of 15-lipoxygenase and LDL oxidation, chelation 
of metal ions and scavenging of hydroxyl and peroxy 
radicals.

9
 

Hesperidin is a natural antioxidant flavanone having 
important biological features to prevent hyper glycaemia-
induced teratogenic processes. Hesperidin is a 
bioflavonoid usually available in citrus fruits and mostly 
consumed in oranges.10 Previous study suggests that 
plants having extracts rich in hesperidins can inhibit 
melanogenesis by inhibiting the transport system Rab27A 
melanophilin.

11-13
  

Among various polyphenols, Gallic acid (3,4,5-
trihydroxybenzoic acid) is a naturally occurring low 
molecular weight triphenolic compound, has emerged as 
a strong antioxidant and an efficient apoptosis inducing 
agent.14 Hepato-protective as well as anti-oxidant activity 
of Gallic Acid has been found in paracetamol induced liver 
damage in mice.15 

So our main objective was to compare the antioxidant 
and anti-inflammatory activities of three already 
established different plant derived molecules (Quercetin, 
Hesperidin and Gallic Acid) on human RBC by using 
Vitamin E as standard by using various in vitro protocols. 

MATERIALS AND METHODS 

Chemicals & Reagents used 

Commonly used chemicals were Quercetin (Sigma Aldrich, 
MW = 302.24 g/mol, Purity is 95%), Hesperidin (Sigma 
Aldrich, MW = 610.53 g/mol, Purity is 80%), Gallic Acid 
(Sigma Aldrich, MW = 170.12 g/mol, Purity is 97.5%), 
Vitamin K. (Sigma Aldrich, MW = 450.7 g/mol, Purity is 
96%). All other chemical and reagents used were high 
analytical grade. 

Isolation of Human Red Blood Cells16 

Blood samples were collected from the healthy human 
volunteer (M: F= 10:1, Age Range- 21-26; n=20) by taking 
consent of the patient in the vial containing 
anticoagulant. All the consent form had been kept in the 
NJIL & OMD for future references. sufficient amount of 
PBS were added to the blood samples & centrifuged at 
2000 RPM for 5 min. Upper layer were separated out 
carefully by using micro-pipette & volume of the RBC 
were measured and solution is prepared by using RBC:PB 
in 1:20 ratio.  

In vitro effect of H2O2-induced lysis of Human 
erythrocytes

17
 

Blood-containing cells obtained from healthy human 
volunteer were immediately centrifuged at 2000 rpm/min 
for 5 min and subsequently washed with PBS (0.02 mol/L, 

pH 7.4) three times to remove excess plasma. RBC lysed 
was prepared by suspending in 20 volumes of 20 mmol/L, 
phosphate buffer (pH 7.4) and finally yields a hemolysate 
concentration of 1: 20. To 1.5 ml of freshly prepared 
hemolysate, 1.0 mL of different concentrations of 
Quercetin, Hesperidin and Gallic Acid (10−200 μg/mL) 
were added each time concomitantly with 0.5 ml of H2O2 
solutions. Supernatants were collected after 50 minutes 
at 37°C of incubation followed by centrifugation at 2000 
rpm/min for 5 minutes and extent of hemolysis were 
obtained spectro-photometrically at 540 nm. 

In vitro effect of Hypo-saline induced lysis of Human 
erythrocytes18  

Blood-containing cells obtained from healthy human 
volunteer were immediately centrifuged at 2000 rpm/min 
for 5 min and subsequently washed with PBS (20 
m.mol/L, pH 7.4) three times to remove excess plasma. 
RBC lysed was prepared by suspending in 20 volumes of 
20 mmol/lt, phosphate buffer (pH 7.4) to yield a 
hemolysate concentration of 1: 20. To 1.5 ml of freshly 
prepared hemolysate, 1.0 ml of different concentrations 
of Quercetin, Hesperidin and Gallic Acid (10-200 µg/ml) 
were added each time concomitantly with Hypo-saline 
solution (0.3% NaCl solution). Supernatants were 
collected after 20 minutes of incubation at 37°C followed 
by centrifugation at 3000 rpm/min for 5 minutes and 
extent of protection of hRBC membrane were obtained 
spectro-photometrically at 560 nm. 

Statistical Analysis  

Results are expressed as mean ± SEM & it was calculated 
by using Graph Pad Prism version 4.03 software.  

RESULTS 

Inhibition of H2O2 induced lysis of human erythrocyte (in 
vitro) 
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(Figure 1) 

[H2O2 produces the toxic hydroxyl radical (OH- ) via a Fe2+ 
mediated reaction leads to the decrease of the cell 
rigidity of the Red Blood Cells and ultimately causes cell 
damage. More protective activity of Hesperidin in respect 
to Quercetin and Gallic Acid was confirmed by IC50 Values 
of Hesperidin, Quercetin and Gallic Acid. They were 41.93 
± 0.34 µg/ml, 65.68 ± 0.72 µg/ml, 93.15 ± 0.53 µg/ml 
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respectively whereas value of Vitamin E was 22.08 ± 0.32 
µg/ml.] 

The extent of hemolysis was decreased more in the 
erythrocytes treated with Hesperidin in comparison to 
the Quercetin and Gallic Acid in respect to Vitamin E 
(Figure 1). IC50 Value of Hesperidin, Quercetin and Gallic 
Acid in H2O2 models were 41.93 ± 0.34 µg/ml, 65.68 ± 
0.72 µg/ml, 93.15 ± 0.53 µg/ml respectively whereas 
value of Vitamin E was 22.08 ± 0.32 µg/ml. So, Hesperidin 
can reach IC50 (50% inhibitory concentration) in less 
concentration in respect to Quercetin and Gallic Acid 
therefore it shows better scavenging property than 
Quercetin and Gallic Acid by using Vitamin E as standard.  

Inhibition of Hypo-saline induced lysis of human 
erythrocyte (in vitro) 

The extent of stabilization of hRBC membrane was 
decreased more in the erythrocytes treated with 
Hesperidin in comparison to the Quercetin and Gallic Acid 
in respect to Vitamin E (Figure 2). IC50 Value of 
Hesperidin, Quercetin, Gallic Acid in Hypo-saline model 
were 43.19 ± 0.34 µg/ml, 75.91 ± 0.57 µg/ml, 105 ± 0.44 
µg/ml respectively whereas value of Vitamin E was 17.79 
± 0.33 µg/ml. So, Hesperidin can reach IC50 in less 
concentration in respect to Quercetin and Gallic Acid, 
therefore it shows better scavenging property than 
Quercetin and Gallic Acid by using Vitamin E as standard.  
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(Figure 2) 

[Hypo-saline induced lysis of human erythrocyte imparts 
oxidative stress to the cells by the hypo-saline solution 
(0.3% NaCl solution) and causes damage of the cell 
membranes. More protective activity of Hesperidin in 
compare to Quercetin and Gallic Acid was confirmed by 
the less IC50 values. IC50 Value of Hesperidin, Quercetin, 
Gallic Acid in Hypo-saline model was 43.19 ± 0.34 µg/ml, 
75.91 ± 0.57 µg/ml, 105 ± 0.44 µg/ml respectively 
whereas value of Vitamin E was 17.79 ± 0.33 µg/ml.] 

DISCUSSION AND CONCLUSION 

The most abundant ROS represented in living 
inflammatory cells, is super-oxide, as well as hydrogen 
peroxide and highly toxic hydroxyl radicals and all of them 
are highly reactive to the living cells. Natural systems, like 
reduced glutathione, vitamins, and free fatty acids are 
considered an essential pool of antioxidants.19 Oxidative 

stress is the situation where the production of oxidants 
exceeds the capacity to neutralize them & leads to 
damage of cell membranes, lipids, nucleic acids, proteins, 
and constituents of the extra-cellular matrix, such as 
proteoglycans and collagens. There are different 
therapeutic approaches can be used to decrease the 
oxidative stress – which includes scavenging of free 
radicals, inhibition of free radical producing enzymes, 
enhancing the antioxidant system or targeting the 
signaling routes involved in the inflammatory cascade. 
Amongst the intracellular ROS generated, superoxide 
plays a pivotal role in inflammation.20 Various plant-
derived phyto-molecules are used as an important source 
of anti-oxidant and anti-inflammatory agents and that 
includes Quercetin, Hesperidin and Gallic Acid. 

The interaction of the cellular immune system with 
endogenous and/or exogenous antigens results in 
increased generation of ROS and RNS, leading to the 
activation of signalling cascades of synthesizing pro-
inflammatory cytokines and chemokines.21,22 All ROS and 
RNS are constantly generated in the inflammatory cells by 
the initial action of NADPH oxidase enzyme. NADPH 
oxidation by NADPH oxidase is considered as the major 
source of superoxide (O2

- ) which intern again converted 
to less toxic hydrogen peroxide (H2O2) by the action of 
antioxidant enzyme i.e. superoxide dismutase (SOD). 
Subsequently H2O2 produces the toxic hydroxyl radical 
(OH- ) via a Fe2+ mediated reaction (known as Fenton 
reaction)23 leads to the decrease of the cell rigidity of the 
Red Blood Cells and ultimately causes cell damage. More 
protective activity of Hesperidin in respect to Quercetin 
and Gallic Acid was confirmed by IC50 Values of 
Hesperidin, Quercetin and Gallic Acid. They were 41.93 ± 
0.34 µg/ml, 65.68 ± 0.72 µg/ml, 93.15 ± 0.53 µg/ml 
respectively whereas value of Vitamin E was 22.08 ± 0.32 
µg/ml. Therefore less concentration of Hesperidin was 
required to reach the 50% Inhibitory concentration than 
Quercetin and Gallic Acid and thus more potent 
antioxidant activity of Hesperidin was confirmed.  

At the time of inflammation, release of lysosomal 
hydrolytic enzyme occurs – which causes increase of 
oxidative stress to the surrounding organelles, tissues 
along with the red blood cells.

24
 It leads to the activation 

of proteins responsible for inflammation and ultimately 
triggers the membrane of the red blood cells and causes 
damage to the red blood cells. Various phyto-molecules 
have the ability to prevent the damage of the cell wall of 
the RBC cells. Hypo-saline induced lysis of human 
erythrocyte imparts oxidative stress to the cells by the 
hypo-saline solution (0.3% NaCl solution) and causes 
damage of the cell membranes. More protective activity 
of Hesperidin in compare to Quercetin and Gallic Acid was 
confirmed by the less IC50 values. IC50 Value of Hesperidin, 
Quercetin, Gallic Acid in Hypo-saline model were 43.19 ± 
0.34 µg/ml, 75.91 ± 0.57 µg/ml, 105 ± 0.44 µg/ml 
respectively whereas value of Vitamin E was 17.79 ± 0.33 
µg/ml. Therefore less concentration of Hesperidin was 
required to reach the 50% Inhibitory concentration than 
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Quercetin and Gallic Acid and it confirmed the more 
potent anti-inflammatory activity of Hesperidin.  

Taken together, the study established that Hesperidin 
was more effective as antioxidant and anti-inflammatory 
agent as compared to Quercetin and Gallic Acid on hRBC 
by using Vitamin E as standard. However in vivo 
experimentations are required to ultimate conclusion. 
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