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Abstract  

Hesperidin from citrus peels is known to have anti-inflammatory, vaso-protective, hypo-lipidemic, anti-

allergic, anti-carcinogenic and antioxidant actions. Current study was designed to evaluate the 

antioxidant capacity of hesperidin and hesperidin nanoparticles by using simple in vitro free radical 

scavenging system including, DPPH free radical-scavenging, hydrogen peroxide scavenging and 

Resazurin dye scavenging activities. Hesperidin nanoparticles showed strong scavenging effects against 

DPPH, hydrogen peroxide and Resazurin dye, and this effect was more potent than pure hesperidin. The 

scavenging activity of hesperidin nanoparticles was concentrations dependent, in the range of 100-400 µg 

mL-1showing a maximum activity of 80% at 400 µg mL-1in similar way to Vit.C which was used as 

positive control. In conclusion, this work displayed that hesperidin exhibited antioxidant activity and 

could be considered as a source of antioxidants from nature. 
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Introduction  

Antioxidants are necessary substances that 

maintain the body in normal state and 

protect from damage caused by free radicals. 

These free radicals can be come from internal 

sources such as metabolic pathways that take 

place within the body tissues and can also be 

come from external sources like food, UV 

radiation, drugs and environmental pollution 

[1]. A large number of diseases caused by 

these free radicals including cardiovascular 

diseases, neural disorders, ulcerative colitis, 

aging, Alzheimer’s disease, alcohol induced 

liver disease and hepatotoxicity, 

atherosclerosis and different types of cancers 

[2].  

 

Antioxidants show to have a vital role in the 

protective effect of plant foods, where 

evidence suggests that high consumption of 

vegetables and fruits participate in 

improving human health. Various reasons 

can cause depletion of antioxidants such as, 

limited absorption of these compounds (e.g. 

Crohn disease), decrease dietary intake of 

antioxidants, smoke, environmental 

pollution, renal dialysis, traumas and other 

reasons [3]. Importantly, there are synthetic 

antioxidants are widely used in the 

pharmaceutical and food industry such as 

trolox, butylatede hydroxy anisole (BHA) and 

butylated hydroxy toluene (BHT), but these 

substances appeared to have toxic and/or 

mutagenic effects. And because of their 

toxicity, there was need to develop and 

isolate of natural antioxidants from plant, 

especially edible plants, such as polyphenols, 

flavonoids and silymarin [4, 5].   

 

Flavonoids are a large group of phenolic 

components that are vastly found in plants. 

They are the constituents of efficient 

conventional therapies [6]. The flavonoid 

hesperidin is a flavanone (a class of 

flavonoids) and consists of hesperitin and the 

disaccharide rutinose. (Figure1). Hesperidin 

is the dominant flavonoid in oranges and 

lemons. The highest hesperidin 

concentrations were found in the peels and 

membranous parts of these fruits. So, orange 

juice containing pulp is richer in hesperidin 

than that without pulp [7, 8]. Hesperidin is a 

white to yellow crystalline powder with low 

aqueous solubility. Thus, this limits its 

dissolution rate in water, and finally results 
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in low in vivo bioavailability [9]. Recently, an 

interesting method to overcome the solubility 

and dissolution problem of the poorly soluble 

compounds were improved by reduction the 

particle size to nanometer range. The 

nanoparticles improve the in vivo action of 

low soluble drugs consequently, leading to an 

increased the dissolution velocity and surface 

area [8].  

 

Hesperidin is known to have anti-

inflammatory, vaso-protective, hypo-

lipidemic, anti-allergic, anti-carcinogenic and 

antioxidant actions [10, 11]. In vitro studies 

have elucidated that the antioxidant 

properties of flavonoids are related with their 

capacity for scavenging free radicals, 

inhibiting the activity of oxidases and 

chelating metals [12]. The aim of current 

study is to estimate the antioxidant activity 

of hesperidin and hesperidin nanoparticles by 

accomplished diverse in vitro assays.  

 

Fig. 1: Chemical structure of hesperidin 

 

Material and Methods  

Dimethyl sulfoxide (DMSO) (BDH, UK),D, L-

lactide and glycolide (PLGA),  Poloxamer 407 

and hesperidin were purchased by Sigma-

Aldrich (St. Louis, MO, USA), ascorbic acid, 

2, 2-diphenyl-1-picrylhydrazyl (DPPH), were 

purchased from Sigma Chemical Co. (St. 

Louis, MO, USA), Resazurin dye was 

obtained from HIMEDIA- India, Hydrogen 

peroxide was obtained from BDH- England 

and Sodium salicylate from Fluka- 

Switzerland.  

Characterization of Prepared 

Hesperidin Nanoparticles  

Different analysis techniques were used to 

characterize hesperidin nanoparticles such as 

SEM, XRD, FTIR and particle size analysis 

(PSA), as shown in our previously work [13]. 

Determination of Free Radical 

Scavenging Activity 

Resazurin Dye Scavenging Activity 

About 0.1 g of Resazurin dye was dissolved in 

100 mL of distilled water to prepare 

Resazurin dye solution and a vortex mixer 

was used to obtain a homogenous solution. 

The ability of hesperidin and hesperidin 

nanoparticles to scavenge free radicals was 

determined in accordance with Yadav, et.al 

[14] with some modification. 20 µL of 

hesperidin and nano-hesperidin from three 

different concentration (100, 200 and 400 µg 

mL-1) were added to 20 µL of Resazurin and 

by using distilled water, the volume was 

completed to 1 mL.  

After 15 min the absorbance of Resazurin at 

600 nm was measured against a blank 

solution contain distilled water. And  ascorbic 

acid (Vit. C) was used as positive control. 

After that the percentage of Resazurin 

scavenging was calculated by the equation 

  100AC / AS-AC  (%)activity  radicalResazurin   

 

Where Ac and as are the intensity of peak at 

517 nm for control (DPPH) and sample, 

respectively. 

Diphenyl-1-Picrylhydrazy (DPPH) Free 

Radical Scavenging Activity  

This assay was described in accordance with 

Sulaiman, et.al [15]. DPPH solution was 

prepared by dissolving 2.366 mg of 2, 2-

diphenyl 1-picrylhydrazyl in 100 mL of 

absolute ethanol to obtain 60 μM DPPH. As 

the following procedure, three different 

concentrations of hesperidin and 

nanohesperidin (100, 200 and 400 µg mL-1) 

were used in three different tubes and 

complete the volume to 500 µL by using 
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ethanol for each sample. And then 500 µL of 

DPPH solution was added to all samples (Vit. 

C 5 µg mL-1was used as positive control and 

DPPH with ethanol only was used as 

negative control) and incubate in the dark for 

30 min. after that time the absorbance of 

DPPH at 517 nm was measured for all  

samples by using UV-VIS spectrophotometer. 

The percentage of DPPH scavenging activity 

of both compounds was calculated using the 

following equation: 

 

 

 

 

  100AC / AS-AC  (%)Activity  Scavenging DPPH 

 

Where AC is the absorbance of   DPPH and 

AS is the absorbance of hesperidin or 

hesperidin nanoparticles sample solvent.  

Hydroxyl Radical Scavenging Assay 

Hydroxyl (OH.) radical scavenging activity 

was determined in accordance with Smirnoff, 

et.al [16]. With minor modification 500 µL of 

FeSO4 (3 mM) was added to 500 µL of 

different concentration of hesperidin and 

hesperidin nanoparticles, and the reaction 

was started by addition 500 µL of H2O2 (3 

mM). After incubation for 10 min, 500 µL of 

salicylic acid (6 mM) was added to each 

sample and incubated for 15 min. after that 

time all the samples were centrifuged at 8000 

rpm for 5 min. and the absorbance of the 

supernatant was measured at 510 nm. 

Hydroxyl radical scavenging activity was 

calculated using the following equation: 

  100AC / AS-AC   (%)activity  radical Hydroxyl 

 

Where Ac and as are the intensity of peak at 

510 nm for control (Hydroxyl) and sample, 

respectively. 

Statistical analysis 

The grouped data were statistically 

evaluated using ANOVA with SPSS program 

(SPSS/14.0; SPSS Inc., Chicago, IL, USA). 

Values were presented as the mean± SD of 

the three replicates of each experiment.  

Results  

Figure 2 represent the reducing power of 

Resazurine dye by hesperidin and hesperidin 

nanoparticles. The results show that the 

reducing power increased with increasing 

concentration, and the effect of hesperidin 

nanoparticles was more potent than pure 

hesperidin. This figure is also shows the 

percentage inhibition of Resazurine, the 

inhibition power of hesperidin at a 

concentration of 400 µg mL-1 was 55.4%, 

while hesperidin nanoparticles was 80.9 and 

similar to that of Vit. C inhibition power.  

 

This indicates that hesperidin and hesperidin 

nanoparticles were electron donors.  Figure 3 

shows the radical-scavenging activity of 

hesperidin and hesperidin nanoparticles and 

the results were expressed as percentage  

 

 

 

 

inhibition of DPPH. The results showed that 

hesperidin significantly reduced the level of 

the DPPH. While, hesperidin nanoparticles 

led to boost the antioxidant activity and this 

could be attributed to the enhanced 

dissolution rate and solubility. The freshly 

prepared DPPH solution appeared as a deep 

purple color with a maximum absorbance at 

517 nm, the disappearance of purple color 

might is due to presence of hesperidin and 

nano-hesperidin as antioxidant.  

 

Free radical scavenging activity of hesperidin 

nanoparticles on DPPH• radical was found to 

increase with increase in concentration, 

showing a maximum inhibition of 80% at 400 

µg mL-1andin a similar way to the 

antioxidant Vit. C, showing a maximum 

inhibition of 91 %. DPPH, is amolecule 

containing a stable free radical, and converts 

into a stable compound by reacting with 

hesperidin as an antioxidant which can 

donate an electron to DPPH. While, Figure 4 

represents the hydroxyl radical scavenging 

effect of hesperidin and hesperidin 

nanoparticles, the results were expressed as 

percentage inhibition of hydrogen peroxide 

(H2O2) and this effect was concentration 

dependent. Hesperidin nanoparticles effect 

was better than pure hesperidin; hesperidin 

nanoparticles exhibited strong hydroxyl  
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radical scavenging activity and showed higher percentage inhibition at 400 µg mL-1. 

 
Fig. 2: Reducing power of different concentrations of pure hesperidin (Blue color) and hesperidin nanoparticles 

(Yellow color) along with Vit. C.  

 

 
Fig. 3: DPPH free radical scavenging assay of hesperidin (Green color) and nanohesperidin(Yellow color) 

 

 

 
Fig. 4: Hydroxyl radical scavenging activities of hesperidin (Brown color) and hesperidin nanoparticles (Yellow 

color) with Vit.C as positive control 

 

Discussion  

The main bioactive nutraceutical compounds 

in plants are flavonoids as phenolic 

compounds that have strong antioxidants 

and metal chelating potentials. Other 

properties have also been reported such as 

anti-allergic, anti-inflammatory, hepato-

protective, anti-carcinogenic antithrombotic 

and antiviral activities [17]. Free radicals are 

deleterious secondary products generated 

during normal cellular metabolism, and could 

initiate oxidative damage inside the body. 

The antioxidant activity of phenolic 

compounds is mainly attributed to their 

redox-potentials, which play a significant role 

in neutralizing free radicals, quenching 

singlet and triplet oxygen [18].Hesperidin 

has been widely examined by a number of 

researchers to evaluate the antioxidant 

activity and radical scavenging potentials by 

using different assay systems [19]. In the 

reducing power assay, Resazurin (blue and 
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non-fluorescent) is an oxidation-reduction 

indicator and the principle of this assay 

depending on the converting of the blue color 

of Resazurinein to pink and highly 

fluorescent when reduced to resorufin. 

Resorufin is further reduced to hydro-

resorufin (uncolored and non-fluorescent). In 

addition to the antioxidant compounds which 

are able to transfer the hydrogen toresazurin 

quench the color and produce a de-coloration 

of the solution and this reaction is rapid and 

stable [14].   

For DPPH free radical scavenging assay and 

this is the simplest and most widely used 

method for investigating antioxidant activity 

in foods and many plant drugs. The purple 

chromogen radical 2, 2-diphenyl-1-

picrylhydrazyl (DPPH•) is reduced by 

antioxidant compounds to the corresponding 

pale yellow hydrazine [20]. Hydrogen 

peroxide oneself is not very reactive, however 

it can give rise to hydroxyl radical in the cells 

for this reason it can sometimes be poisonous 

to cells. Therefore, the removal of H2O2 is 

very important for preservation the cell from 

oxidants effects. H2O2 can penetrate the 

membranes and may oxidize a number of 

compounds inside the cell [18].  

The antioxidant activity of flavonoids is 

directly related to their structure. In the case 

of hesperidin, the ability of hesperidin to 

scavenge the hydroxyl radicals produced from 

hydrogen peroxide may be attributed to the 

presence of a hydroxyl group at position 3ʹof 

ring B [21]. Importantly, the overall 

antioxidant properties of hesperidin rely 

upon the arrangement and number of the 

hydroxyl groups and the range of structure 

conjugation [7]. There were other 

investigators previously studied the 

antioxidant potentials of flavonoids by using 

2, 2ʹ-azinobis (3-ethylbenzothiazoline)-6-

sulfonate radicalcation (ABTS•⁺), superoxide 

anion (O2⁻∙), and 2hydroxyl radical (OH•) 

produced photolytically or byFe2⁺-H2O2 [22]. 

Flavonoids practice their anti-inflammatory 

ad anti-oxidative effects through the free 

radical scavenging properties. Thus, they 

play significant roles in the prevention of 

metabolic abnormalities such as 

inflammation, oxidative stress, dyslipidemia, 

hypertension, insulin resistance, and glucose 

intolerance.  

In addition, anticancer effects of flavonoids 

rely on their capacity to enhance DNA repair 

processes and inactivate carcinogens. Also, 

flavonoids exhibit their cardio-protective 

actions by providing antiplatelet effects, 

regulating blood pressure and protecting 

against oxidized low-density lipoprotein 

induced damage. There is evidence that diets 

rich in flavonoids are advantageous for 

improved health and prevention of non-

communicable diseases (NCDs) or chronic 

diseases [23].  

Conclusion  

In the current study we examined the 

antioxidant potential of hesperidin and 

hesperidin nanoparticles. The results 

illustrated that it exhibited 

highly antioxidant activity against free 

radical DPPH•, hydroxyl radical generated 

from hydrogen peroxide (H2O2) and reducing 

power of Resazurin. In addition, hesperidin 

nanoparticles have the stronger effect than 

pure hesperidin and this effect was 

concentration dependent. So, hesperidin 

could be considered as a source of 

antioxidants from nature. Hence, clinical 

studies are needed to determine the 

importance of this natural compound in the 

prevention or treatment of human diseases.  

References  

1. Miliauskas G, Venskutonis PR, Van Beek TA 

(2004) Screening of Radical Scavenging 

Activity of Some Medicinal and Aromatic 

Plants Extracts. Food Chem., 85: 231- 237. 

2. Alam MN, Bristi NJ, Rafiquzzaman M (2013) 

Review on in vivo and in vitro Methods 

Evaluation of Antioxidant Activity. Saudi. 

Pharm. J., 21:143-152. 

3. Žitňanová I, Ranostajová S, Sobotová H, 

Demelová D, Pecháň I, Ďuračková Z (2006) 

Antioxidative Activity of Selected Fruits and 

Vegetables. Biologia., 61: 279-284. 

4. Chung Y, Chen S, Hsu C, Chang C, Chou S 

(2005) Studies on The Antioxidative Activity of 

Graptopetalumparaguayense E. Walther. Food 

Chem., 91: 419-423. 

5. Juntachote T, Berghofer E (2005) 

Antioxidative Properties and Stability of 

Ethanolic Extracts of Holy Basil and Galangal. 

Food Chem., 92: 193-202. 

6. Sun H, Dong T, Zhang A, Yang J, Yan 

G, Sakurai T, Wu X, Han Y, Wang X (2013) 

Pharmacokinetics of Hesperetin and 

Naringenin in The Zhi Zhu Wan, a Traditional 

Chinese Medicinal Formula, and its 

https://www.ncbi.nlm.nih.gov/pubmed/24936134
https://www.ncbi.nlm.nih.gov/pubmed/24936134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakurai%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23148023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23148023


Ghassan M. Sulaiman et. al. | Journal of Global Pharma Technology| 2018; Vol.10 Issue 10 (Suppl.):428-433 
 

©2009-2018, JGPT. All Rights Reserved                                                                                                                                       433                                                                                                                     

Pharmacodynamics Study. Phytother Res., 27: 

1345–1351. 

7. Kalpana KB, Srinivasan M, Menon VP (2009) 

Evaluation of Antioxidant Activity of 

Hesperidin and Its Protective Effect on 

H2O2Induced Oxidative Damage on pBR322 

DNA and RBC Cellular Membrane. Mol. Cell 

Biochem., 323: 21-29. 

8. Mauludin R, Muller RH (2013) 

Physicochemical Properties of Hesperidin 

Nanocrystal. Int. J. Pharm. Pharm. Sci., 5:  

954-960. 

9. Jabbari M, Jabbari A (2016) DPPH Radical-

Scavenging Activity and Kinetics of 

Antioxidant Agent Hesperidin in Pure Aqueous 

Micellar Solutions. Bull Chem. Soc. Jpn., 89: 

869-875. 

10. Alanbaki AA, Mayali HM, Mayali HK (2017) 

The Protective Effect of Quercetin and 

Hesperidin on Etoposide Induced Toxicity in 

Male Rats Testicular. J. Pharm. Sci. Res., 9: 

1394-1405. 

11. Garg A, Garg S, Zaneveld LJ, Singla AK (2001) 

Chemistry and Pharmacology of the Citrus 

Bioflavonoid Hesperidin. Phytother Res., 

15:655-669. 

12. Mishra K (2013) Structure-Activity 

Relationship of Antioxidative Property of 

Hesperidin. Int. J. Pharm. Erudition, 2: 40-53. 

13. Ali SH, Sulaiman GM, Farhan MM Fabrication 

of Hesperidin Nanoparticles Loaded by Poly 

Lactic co-Glycolic Acid for Improved 

Therapeutic Efficiency and Cytotoxicity. In 

press. 

14. Dhankhar S, Dhankhar S, Kumar S, Yadav PJ 

(2012) A Novel and Significant Method for 

Antioxidant Activity Utilizing Microtitre-plate 

(Resazurin Reducing Power Assay). J Current 

Chem. Biol., 6: 70-76. 

15. Sulaiman GM, Al Sammarrae KW, Adhiah AH, 

Zucchetti M, Frapolli R, Bello E, Bagnati R 

(2011) Chemical Characterization of Iraqi 

ProplisSamples and Assessing their 

Antioxidant Potentials. Food Chem. Toxicol., 

49: 2415-2421. 

16. Smirnoff N, Cumbes QJ (1989) Hydroxyl 

Radical Scavenging Activity of Compatible 

Solutes. Phytochem., 28: 1057-1060. 

17. Indrawati L,  Pramono S,  Ascobat P, Bela B, 

Abdullah M,  Surono IS (2017) Cytotoxic 

Activity of Soursop "AnnonaMuricata" Leaves 

Extractsand their Phytochemical Contents. J.  

Global Pharm. Technol., 2:35-40.  

18. Meera R, Venkataraman S (2017) 

Characterization and Evaluation of 

Antioxidant Activity of Crataeva Magna Lour 

(DC). J.  Global Pharm. Technol., 09: 01-07. 

19. Khaki A, Fathiazad F, Nouri M, Khaki AA, 

Ghanbari Z, Ghanbari M, Ouladsahebmadarek 

E, Javadi L,  Farzadi L (2011) Anti-oxidative 

Effects of CitroFlavonoids on Spermatogenesis 

in Rat. African J. Pharm. Pharmacol., 5: 721-

725.  

20. Boligon AA, Machado MM, Athayde ML (2014) 

Technical Evaluation of Antioxidant Activity. 

Med. Chem., 4: 517-522. 

21. Wilmsen PK, Spada DS, Salvador M (2005) 

Antioxidant Activity of the Flavonoid 

Hesperidin in Chemical and Biological 

Systems. J. Agric. Food Chem., 53:4757-4761. 

22. Cao G, Sofic E, Prior RL (1997) Antioxidant 

and Prooxidant Behavior of Flavonoids: 

Structure-Activity Relationships. Free Rad. 

Biol. Med., 22: 749-760. 

23. Kozłowska A, Szostak-Węgierek D (2017) Plant 

Flavonoids in Health, Prevention, and 

Treatment of Chronic Diseases. In: Al-Gubory 

K., Laher I. (eds) Nutritional Antioxidant 

Therapies: Treatments and Perspectives. 

Springer, Cham., 347-376.  

 

 

 

 


