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Abstract 

Parkinson’s disease is characterised by a progressive loss of dopaminergic neuron in the substantia nigra. 

Hesperidin is a free radical scavenger that has been shown to have a protective effect against oxidative insults. 

An antioxidant can neutralise the free radical by accepting or donating an electron to eliminate the unpaired 

condition. Ionic gelation with tripolyphosphate and chitosan was used to render hesperidin-loaded chitosan 

nanosuspension. UV-Visible, FTIR, SEM, XRD, and a particle size analyser were used to classify hesperidin 

nanoparticles. Eugenol association with hesperidin nanoparticles was investigated using spectroscopic methods 

such as UV-Visible, Fluorescence, Synchronous fluorescence, lifetime measurements, FRET and antibacterial 

activity. Eugenol–Hesperidin nanoparticles were found to have a complex formation. The distance between the 

donor and the acceptor was determined using Forster's non-radiation energy transfer principle. Antibacterial 

behaviour was investigated as well. 
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Introduction 

Parkinson's disease is more common in people over the age of 65, and it's linked to genetics, toxins, oxidative 

stress, mitochondrial defects, free radicals, and alpha-synuclein aggregation, which is thought to be the primary 

cause of Parkinson's disease. Following Alzheimer's disease, it is the second most common neurodegenerative 

extrapyramidal motor disorder. Antioxidants can remove the unpaired state by accepting or donating an electron 

to neutralise the free radical. [1-5]. Flavonoids like hesperidin have been shown to protect against 

neurodegenerative disease by acting as antioxidants.[6]. The antioxidative activity of hesperidin is based on the 

number and order of OH groups, as well as the existence of a C4'-C8' double bond conjugated seeking 4-keto 

group in the flavonoid structure. It also has anti-inflammatory, antiviral, anticancer, sedative, Huntington's 

stroke, and Alzheimer's potential. Medicinal aromatic plants have a variety of health and well-being-promoting 

properties[7, 8]. Antioxidant, digestion-stimulating, hypolipidemic, anti-inflammatory, and anti-carcinogenic 

essential oils from these plants [7,8]. Essential oils high anti-oxidant potential is attributed to phenolic and 

polyphenolic compounds, which are used as preservatives in the food industry [9]. Cloves main flavour 

chemical, eugenol (4-allyl-2-methoxyphenol), is commonly used as an ingredient in foods, cosmetics, and 

aromatherapy products, as well as in a number of industrial products [7-9]. It's used to make isoeugenol, which 

is used to make vanillin, which is an artificial vanilla substitute [9]. It's useful in the production of plastics and 

rubbers because it's an antioxidant [7–9]. Due to the formation of phenoxy radicals and then quinine 

intermediates, eugenol acts as a powerful oxidant at higher concentrations, triggering increased generation of 

tissue-damaging free radicals, causing inflammatory and allergic reactions[10, 11]. As a result, the current 

research is being carried out in order to better understand the relationship between Eugenol and Hesperidin 

nanoparticles. 

2. Materials and methods  

Eugenol and hesperidin were purchased from Sigma–Aldrich, Bangalore. Low molecular weight Chitosan(CS) 

and sodium tripolyphosphate were purchased from Sisco research laboratory, Chennai. 

 

2.1 Preparation of Hesperidin Nanosuspension and Optimization of Preparation Process  
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Nanosuspension with relevant stabilizer was prepared by ionic gelation method. Chitosan solution (0.1%w/v) 

was prepared by dissolving chitosan in 100 ml of 1%v/v of acetic acid, and the resulting solution was stirred at 

1500 rpm for 30 min on magnetic stirrer . TPP solution of 0.1% was prepared by dissolving 100 mg of TPP in 

100 ml of deionized water. 100 mg of hesperidin was added to TPP solution and mix to form a homogenous 

mixture by stirring with a glass rod. Add the above mixture of TPP and hesperidin solution drop by drop (10 ml) 

to the chitosan solution and kept stirring at 2,500 rpm for   3h on  stirrer. Nanoparticles were obtained on the 

addition of a TPP and hesperidin solution to a chitosan solution. The nanoparticle suspension is then centrifuged 

at 15,000 rpm for 10 min using high-speed centrifuge . Discard the sediment and preserve the supernatant. The 

formation of nanoparticles results in interaction between the negative groups of TPP and the positively charged 

amino groups of chitosan. 

2.2 Characterization of Hesperidin -Loaded Chitosan Nanoparticles 

2.2.1 Particle Size  

The size of the prepared nanoparticles was analyzed using MICROMRTICS  CPE-11 Nano plus 

2.2.2 Fourier-transform infrared (FTIR) study  

FTIR analysis of pure hesperidin mixture (hesperidin, chitosan, and TPP) was performed, and the spectrum was 

obtained using FT-IR (IR spectrometer Cary-630 FTIR Agilent Technology). All spectra were recorded within a 

range of 4000–500 cm−1. 

2.2.3 SEM analysis 

Joel Sem Model, Jsm –IT 200 Scanning Electron Microscope was used to record the SEM photographs of 

hesperidin Nanoparticles. 

2.2.4 XRD 

The XRD for H-NP analyzed by X-Ray Diffractometer (BRUCKER D8 Advance). 

2.3 Methods 

2.3.1. UV/Vis absorption experiments 

The absorption spectra of Eugenol and in different concentrations of hesperidin nanoparticles have been 

recorded using SHIMADZU 1800 PC UV/Visible Spectrophotometer 

2.3.2. Fluorescence steady – state measurements 

The steady – state fluorescence quenching measurements were carried out in a Shimadzu RF 5301 PC 

Spectrofluorophotometer. The excitation wavelength was 280 nm. The emission wavelength was monited at 

317nm. The excitation and emission slit widths (5nm) and scan rate (200 nm/s) were constantly maintained for 

all the experiments. 

2.3.3. Fluorescence lifetime measurement 

Fluorescence lifetime measurements were carried out in a Hariba – Jobin Yvon [spex-sf 13-11] 

Spectrofluorimeter.  The interchangeable nano LED (280 nm) was used as excitation source. The fluorescence 

decay of Eugenol was measured with a monochromator – Photo multiplier setup.  The data points were fitted by 

mono exponential decay functions. 

2.3.4 Antibacterial Activity 

The samples (0.5g) were dissolved in 1ml DMSO. The antimicrobial activity screening was performed with the 

Muller Hinton agar (MHA) medium for antibacterial activity in the agar well diffusion method. The fungal and 
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bacterial inocula have been prepared on the nutrient broth medium from 24-hour colonies. The inoculum with 

McFarland density had been adjusted to obtain a final bacterial density of around 104 and 106 CFU/mL. In 

Whatmann AA filter paper, 50μg each extract was imbibed and applied to the test media previously inoculated 

with each test strain. Plates for bacteria have been incubated at 37 ⁰C. Zones of inhibition were measured after 

24 hours of incubation (12). 

3. Results and Discussion 

3.1 Characterization of Hesperidin nanoparticles 

UV, FTIR, Scanning electron microscope (SEM), XRD, and particle size analyser were used to characterise the 

formed chitosan nanoparticles. 

(i) UV – Visible Spectroscopy   

The primary method for determining the size and shape of nanoparticles is ultraviolet spectrometry. Since 

colloids have a high absorption peak due to surface Plasmon excitation, it is very sensitive to the presence of 

colloids. SHIMADZU 1800 PC UV/Visible Spectrophotometer was used for UV-Visible Spectral Analysis. A 

small aliquot of the reaction mixture was taken and a spectrum was taken at wavelengths ranging from 200 to 

800 nm. As shown in Fig.1, the UV-Visible results show a typical absorption peak of quercetin at 283 nm. 

 

Fig 1: UV/Vis absorption spectra of  Hesperidin nanoparticles 

(ii) Fourier Transform  Infrared Spectroscopy (FTIR) 

Many organic chemicals, polymers, paints, coatings, adhesives, lubricants, semiconductor materials, coolants, 

gauges, biological samples, inorganics, and minerals use FTIR to study their chemical composition. FTIR [12] 

can be used to analyse a range of materials, including bulk materials, films, liquids, solids, pastes, powders, 

fibres, and other materials. The FTIR spectra revealed information about the local molecular environment of 

organic molecules on nanoparticle surfaces. FTIR analysis may be used for quantitative (amount) analysis as 

well as qualitative (identification) analysis of materials when appropriate criteria are used. The extreme 

absorption peaks of quercetin nanoparticles (Table1) corresponded to O-H Stretching of the alcohol group at 

3329. The C-H Streching of the alkane group can be seen in the band absorbed at 2918. 
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Fig.2: FTIR spectra of a) Hesperidin b) Hesperidin nanoparticles 

The O-H hydroxyl bond was represented by the absorption band at 2398. The other absorption peak at 1110 was 

due to C-O stretching of the ether group, as shown in Fig.2. 

(iii) Scanning  Electron  Microscopy 

The surface morphologies of the nanoparticles were evaluated using SEM. SEM images were collected at 

various magnifications. A thin specimen is scanned with a fine, highly concentrated beam of electrons, and the 

electrons that pass through the thin sample are captured on a detector mounted underneath the sample, resulting 

in the desired    bright - field images. The SEM image (Fig.3) revealed a nanoparticle with a spherical shape. 

The transmitted electrons are directed onto a conventional detector through an electron multiplier, which is a 

gold layer. 

 

Fig.3: SEM image of Hesperidin nanoparticles 

(iv) XRD Analysis 

An x-ray diffractometer was used to determine the crystalline state of the samples. The Hesperidin XRD 

Patterns at flow rates of 8 and 10 ml/min, as well as the sample, revealed the existence of numerous distinct 

peaks at 2 (39.82 ) As the findings are expressed in, this indicated that the drug was of a high crystalline nature 

(Fig.4) 
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Fig.4: XRD spectra of Hesperidin nanoparticles 

(v) Particle size analyser 

         A particle size analyzer was used to determine the particle size. The experiment was carried out at a 

temperature of 250°C with water as the solvent. According to the findings, the hesperidin formulation has an 

average particle size of 256.9 nm (Fig.5). As anticipated, the obtained particles have a nanometer size range. 

Nanoparticle colloid has a variety of advantageous properties, including the ability to sedimentate slowly due to 

its nano-size. The polydispersibility index obtained from particle size measurement was 0.384. 

 

Fig .5: Particle size analyser of Hesperidin Nanoparticles 

The polydispersibility index defines the distribution of particle sizes present in the preparation of nanoparticles; 

the lower the number, the more uniform the particle sizes; if there is a substantial size difference between the 

larger and smaller particles, it will affect the particles' characteristics. 

3.2 Absorption characteristics of  Eugenol with hesperidin nanoparticles 

Eugenol absorption and emission spectra are depicted in Figure 6. It has a maximum absorption wavelength of 

280 nm and a maximum emission wavelength of 317 nm. Initially, the ground state interaction between eugenol 

and quenchers molecules must be measured before the quenching experiments can be completed. 
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Fig.6: Absorption (a) and Emission spectra (b) of Eugenol. 

 

Fig .7: UV/Vis absorption spectra of Eugenol with different concentrations of Hesperidin nanoparticles 

(mol L-1) (1)0, (2)0.2, (3)0.4, (4) 0.6, (5) 0.8, (6) 1.0. 

The absorption spectra of a mixture of eugenol and hesperidin nanoparticles were used to confirm the formation 

of the ground state complex. Figure 7 indicates the absorption spectrum of Eugenol in the presence and absence 

of hesperidin nanoparticles. The absorption of eugenol is increased when hesperidin nanoparticles are added. 

This demonstrates that eugenol can form a ground state complex with hesperidin nanoparticles. 

3.3  Fluorescence  quenching of eugenol by Hesperidin nanopaerticles. 

The hesperidin nanoparticles effectively quenched the fluorescence emission of eugenol, and the emission 

quenching measured by the steady state method is shown in Fig 8. The stern-Volmer Equation was used to 

measure the bimolecular quenching rate constants (kq). 

I0/I =1+ KSV [Q]=1+ Kqτ0 [Q]                                                  (1) 

Where I0 is the fluorescence Intensity of the fluorophore in the absence of the quencher, I is the fluorescence 

intensity of the fluorophore in the presence of quencher, ksv is the stern – volmer constant, τ0 is the fluorescence 

lifetime in the absence of quencher, [Q]   is the concentration of the quencher and Kq is the bimolecular 

quenching  rate constant 
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Fig.8: Steady–State fluorescence spectra of Eugenol with different concentrations of Hesperidin 

nanoparticles  (mol L-1) (1) 0, (2) 0.2, (3) 0.4, (4) 0.6, (5) 0.8, (6) 1.0 

Figure 8 depicts the effect of rising hesperidin nanoparticle concentration on eugenol fluorescence emission. 

The addition of hesperidin nanoparticles to a eugenol solution caused the fluorescence emission to be quenched, 

but no peak change or new peak was observed. A linear plot of (Fig .9) I0/I   against [Q] has been drawn 

according to eqn (1). Ksv values have been determined based on the slope. 

 

Fig.9: Plot of   versus  for EG 

Table 2 compiles the bimolecular quenching rate constant (kq) and the corresponding electrochemical results. 

The number of hydroxyl groups bound to the aromatic ring and their structure, as well as the position of the 

aromatic -OH ring, are all related to the ability of flavonoids compounds to scavenge free radicals  (13,14) 

Table 2: Stern – Volmer (KSV) and bimolecular quenching rate constant (Kq) of Eugenol with Hesperidin 

nanoparticles 

Quencher 
KSV x 105 (L 

mol-1) 
Kq (L mol1S-1) Ra S.Db 

Hesperidin 

nanoparticles 
0.21 2.39 0.9 0.44 

 

 

3.4   Fluorescence lifetime measurements of Eugenol with Hesperidin nanoparticles 
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Fluorescence lifetime calculation is a powerful method for evaluating the form of interaction that exists between 

the donor and acceptor systems. The most precise approach for distinguishing between static and dynamic 

quenching is to calculate fluorescence lifetime [15]. 

Though the decay traces of eugenol were plotted in the absence and presence of hesperidin nanoparticles in Fig 

10, the lifetime of eugenol is the same in both cases, so no merging of the kinetic traces was observed (the plots 

looks not like a single decay curve). This shows that the quenching of eugenol was static in nature. As a result, 

static quenching occurs, and no new lifetime formation occurs. Since static quenching is caused by the creation 

of a complex between the fluorophore and the quencher, the binding constant (k) has been determined. As a 

result, the binding constant (k) was calculated using the method described within following section. 

 

Fig.10: Time-resolved fluorescence spectra of Eugenol (EG) with different concentrations of Hesperidin 

Nanoparticles (mol dm-5) (1)0, (2) 0.4, (3) 0.8, (4) 1.2 

Table 3: Fluorescence life time and Relative amplitudes of Eugenol with different concentrations of 

Hesperidin Nanoparticle 

Concentration   

(M) 

  

Lifetime (ns) Average 

life time 

x 10-9 sec 

 

Relative 

amplitude 
 

χ2 

S.D 

10-11 sec 

 

1 2 B1 B2 1 2 

EG 6.67 5.23  0.7458 98.28 1.72 1.089 4.17 3.26  

EG +H NP (0.4) 6.32  3.50  0.7329 96.49 3.51 1.182 4.14 1.44  

EG +H NP(0.8) 3.50 6.43  0.6912 98.32 1.68 1.209 2.99 3.83 

EG +H NP (1.2) 6.26 2.16  0.6471 98.63 1.37 0.815 9.50  2.33 

 

3.5  Binding constant and number of binding sites 

Large kq values above the diffusion-controlled limit suggest that the fluorophore and quencher have a binding 

interaction [12]. The binding constant formula[13] can be used to explain the relationship between the strength 
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and the concentration of quencher in static quenching. The following equation can be used to determine the 

relationship between fluorescence intensity and quencher medium. 

               nQ+ B                       Qn ……     B                 (2)           

B is the fluorophore, Q is the quencher, and Qn......B is the postulated complex between a fluorophore and n 

molecules of the quencher. The constant K is given by 

K = [Qn ……B] / [Q]n [B]                               (3) 

If the total amount of biomolecules (bound or unbound with the quencher) is B0, then [B0]= [Qn......B] + [B], 

where [B] is the concentration of unbound biomolecules, then the relationship between fluorescence strength 

and the unbound biomolecules is        [B]/[B0]= F/F0. 

             log [ F0 - F /F ]  = log K + n log[Q]            (4) 

where K is the binding constant and n is the number of binding sites. 
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Fig.11:  Double log plot of EG with Hesperidin Nanoparticles 

As seen in the figures, the value of K was calculated from the intercept of log[(F0–F)/F] versus log[Q]. Tables 2 

and fig.11 show the of binding constant (k) and number of binding sites (n) for all antioxidants. . 

. . All of the curves had a correlation coefficient greater than 0.980, suggesting that the relationship between 

eugenol and antioxidants fits the site binding model underlying Eq (4). 

3.6  Energy transfer between Eugenol and Hesperidin nanoparticles. 

        In addition to radiation and reabsorption, the Förster theory of molecular resonance energy transfer 

suggests that a transfer of energy could occur by direct electrodynamics interaction between the primarily 

excited molecule and its neighbours [14].  Eq.(5) may be used to measure the distance r of binding between 

eugenol and hesperidin, according to theory [15]. 
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where r denotes the binding distance between the donor and the receptor, and R0 denotes the critical distance 

when the transfer efficiency is 50%.  E is the efficiency of energy transfer. The equation is used to determine the 

value of R0. 
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R0
6  = 8.8 ×10-25  k2 n-4 ɸ J                                           (6) 

In Eq. (6), K2 is orientation factor, n is the refractive index of the medium, ɸ is the fluorescence quantum yield 

of the donor, J is the spectral overlap effect between the donor's emission spectrum and the acceptor's absorption 

spectrum, which can be determined using the following equation: 

                                

) Δλ F(λ(

 ΔλΣ(λ)λ F(λ(

  J

0

0

4




=





                                                     (7) 

 

Fig.12: The overlap of UV absorption spectra of Hesperidin- NP (solid line) with the fluorescence 

emission spectra of Eugenol (dotted line) 

where F(λ) is the fluorescence reagent fluorescence intensity. When the wavelength is k, e(k) is the acceptor 

molar absorbance coefficient at that wavelength. J, E, and R0 can be determined using these relationships, and 

the value r can be calculated as well.  The fluorescence spectra of Eugenol and the absorption spectra of 

hesperidin nanoparticles are shown in Figure 12. The fluorescence spectra of Eugenol and the absorption spectra 

of hesperidin nanoparticles are shown in Figure 12. The data are  presented in table 4. The donor to acceptor 

distance (r) is less than 8nm(16), which meets the requirements for energy transfer, implying that energy 

transfer between Eugenol and hesperidin nanoparticles is highly likely. 

Table 4: Efficiency transfer energy (E) and Critical energy transfer distance (Ro) of  EG  with  Hesperidin 

nanoparticles 

Quencher Energy(E) 

(eV) 

Ro 

(nm) 

J 

(cm -3M -1)(1016) 

r 

(nm) 

Hesperidin nanoparticles 0.74 1.8 4.01 1.5 

3.7 Synchronous fluorescence 

Synchronous fluorescence spectra may provide details about the molecular microenvironment around the 

fluorophore by scanning the excitation and emission monochromators at the same time while maintaining a 

constant wavelength interval (Δλ). When λ is fixed at 60 and 30 nm, synchronous fluorescence indicates 

characteristic information about the complexes [17]. Figures 13 (Δλ = 60 nm) and 13 (Δλ = 30 nm) show the 

effects of flavonoid on the synchronous fluorescence spectra of eugenol. 
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Fig.13: Synchronous Fluorescence Spectra for EG with Hesperidin having               Δλ = 30 nm and Δλ 

=60 nm 

 

3.8  Antibacterial Activity 

      Because the terpene components of essential oils disrupt the bacterial membrane, essential oils 

exhibit antibacterial activity (17). The agar well diffusion method was used to test the antibacterial activity of 

quercetin nanoparticles–Eugenol. ( Fig 14) .  

  

(a)              (b)   (c) 

Fig 14:The antibacterial activity of (a) Eugenol (b) Hesperidin nanoparticles (c) Eugenol+Hesperidin 

nanoparticles (1. staphyloccus sp., 2. E.Coli, 3. V.B, 4. Salmonella sp.) 
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As evidenced by the plates, the sample exhibited strong antibacterial activity. Eugenol hesperidin nanoparticles, 

in short, are effective Gram-negative and Gram-positive antibacterial materials. 

4 . Conclusion 

UV, FTIR, SEM, XRD, and particle size analyzers were used to create and characterise hesperidin 

nanoparticles. The fluorescence, Eugenol, is quenched by hesperidin nanoparticles. The constant of quenching 

rate has been determined. The binding constant and binding site have been determined. The distance between 

the donor and the acceptor has been determined. FRET was used to calculate the distance between the donor and 

acceptor. This study also discovered that these nanoparticles have antibacterial activity against both Gram 

positive and Gram negative bacteria, indicating that they should be investigated further for antimicrobial 

applications. 
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