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Abstract: The natural drug, Naringenin (Nar) based synthesis of drug-functionalized silver nanoparticles 

(AgNPs), has gained much attention in biomedicine owing to its unique optical and therapeutic properties. 

The present study deals with the biosynthesis of drug-functionalized AgNPs using Naringenin as a capping 

agent. Further characterization of Naringenin-AgNPs (Nar-AgNPs) was done by a combination of FTIR, 

XRD & TEM analysis. The TEM analysis revealed that most of the Nar-AgNPs attained a spherical 

morphology of around 30 nm. The mode of interaction between Nar-AgNPs with human serum albumin 

(HSA) was explored using a series of spectroscopic, calorimetric and CD analysis. The thermodynamic 

kinetics, including the binding energy, binding stoichiometry and thermal variations coupled with the 

AgNPs-HSA complexation, was also evaluated by ITC. The fluorescence spectroscopic study revealed that 

the intrinsic fluorescence of HSA was significantly quenched upon the binding of Nar-AgNPs. The minor 

local conformational alterations attained by the secondary structure of HSA when being complexed with 

Nar-AgNPs were further explored by CD spectral analysis. The comprehensive and better understanding of 

Nar-AgNPs interactions with medically significant plasma protein, HSA, threw new light towards drug 

delivery thereby suggesting its diverse applications in nano medicine. 

Keywords: Silver nanoparticle, Naringenin, Human serum albumin 

1. INTRODUCTION 

Nanotechnology and nano-based therapies are the emerging fields of research focused towards the redefinition and 

bio-functional evaluation of metallic nanoparticles (NPs) with exclusive optical, magnetic and electrical properties 

[1,2]. These remarkable optical properties and homogeneity of the metal-functionalized NPs had gained renovation 

with potential applications in diverse areas of nonlinear optical devices, biotechnology, healthcare, biomedicine, 

electronics and targeted drug delivery [3-5]. Silver, a unique material whose plasmon resonance can be tuned to any 

wavelength in the visible spectrum, has long been renowned for its biocidal/ antimicrobial effect even against 

multidrug-resistant microorganisms [6,7]. Hence, among the diverse metal functionalized NPs, the silver 

nanoparticles (AgNPs) represent one of the most explored and promising candidates, which showed effective 

interaction with light than a particle of identical dimension with several known organic or inorganic chromophores 

[8]. Thus, the AgNPs are being widely exploited as drug carriers in diverse fields of biomedicine, infertility 

management, cancer treatment and diagnosis due to their shape adjustability, high-density surface ligand attachment 

and trans membrane delivery potential [9-12]. Nowadays, the biologically inspired green synthesis of natural drug 

functionalized metal NPs has been suggested as a non-toxic and eco-friendly alternative replacing the hazardous 

conventional physicochemical methods. In such eco-friendly synthesis, the functionalizing agents of metal NPs are 

replaced by bio-active plant extracts, enzymes, natural and synthetic drugs, polymers and vitamins [13,14]. The 

capping agents involved in green synthesis are the core player offering solubility, shape, reactivity and stability to 

the NPs. Thus plant-mediated synthesis of AgNPs gained immense popularity due to its execution-simplicity and its 
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remarkable applications as nano" carriers to overcome the biological barriers by specific drug targeting to the site of 

action [15, 16]. 

Phytochemicals (PC) like alkaloids, flavonoids and terpenoids are plant-based biologically active compounds 

considered to be beneficial for human health. PC also possesses polyhydroxy groups, which are responsible for its 

free radical scavenging property by playing a central role in reducing metal ions into NPs [17]. Naringenin (Nar) is 

one such flavanone found in a glycol form, widely used in traditional Chinese medicine formulations offering rich 

sources like grapes, herbs and other citrus fruits [18]. The Nar is chemically known as 5,7-Dihydroxy-2-(-4-

hydroxyphenyl) chroman-4-one existing in nature as both a glycol form (Naringenin) and in its glycosidic type 

(naringinin). Recently due to its extensive pharmacological effects like anti-inflammatory, antitumor, antifibrogenic, 

antihyperglycemic and antihyperlipidemic properties, Nar has gained more attention [19-21]. Nar is a hydrophobic 

crystalline compound with deprived oral bioavailability, thereby restricting its therapeutic index. To this point of 

view, a great deal of effort has been employed to improve the drug efficacy, i.e. bioavailability and solubility, by 

capping the natural drug, Nar, into its nanoparticle form [22]. The synthesis and characterization of flavonoids based 

AgNPs from hesperidin, naringin, and diosmin had already been reported with efficient bactericidal and cytotoxicity 

effects against human promyelocytic leukemic (HL-60) cell lines [23]. In this study, Nar was used for the green 

synthesis of AgNPs, and they were further characterized and utilized for the interaction studies with HSA might 

have a new approach towards pharmacokinetics. 

The NPs can interact with biomolecules such as proteins, lipids and nucleic acids due to their surface properties. The 

dynamic interaction of NPs with proteins in a biological medium gives rise to protein corona formation and might 

induce conformational changes leading to overall bio reactivity [24]. The fate of NPs bound drugs, when compared 

with the conventional forms, have an extended half-life, longer circulation times and can even load a high 

concentration of a potent drug to the target site of action [25-27]. The size and surface characteristics alteration 

improves its desired delivery property by reducing its toxicity and acquiring biocompatibility [28]. The sensible 

utility of NPs in biomedicine by unlocking the mystery requires the entire dataset concerning the binding affinity 

and alteration in the protein conformation upon NPs binding, which in turn reflects in the protein stability. HSA is 

the most stable, abundant and soluble plasma protein involved in the binding and transport of endogenous 

substances within the human circulatory system [29]. Towards this goal, we selected HSA for investigating the 

interaction studies with Nar-Ag NPs as a model system. HSA is one of the extensively studied transport globular 

proteins showing structural homology with bovine serum albumin [36]. It is of molecular weight 66kDa with 585 

amino acids forming a polypeptide chain stabilized by 17 disulfide bridges. It is a multifunctional, non-glycosylated; 

negatively charged plasma protein synthesized in the liver and might nonspecifically contribute to colloid osmotic 

pressure maintenance. The tertiary structure of HSA (Fig. 1), composed of three alpha-helical domains (I, II, III) 

assembled to form a heart-shaped molecule, has a single tryptophan residue (Trp-214), 18 tyrosines and six 

methionine [37]. The single Trp-214 residue located in site 1 of HSA has been used extensively as a fluorescent 

reporter group for measuring the affinity of ligand binding and conformational studies. The main ligand binding 

sites of HSA are located in the hydrophobic pockets II A and III A, and out of these two pockets, site III A exhibit 

higher binding affinity [38, 39]. An extensive study regarding the interaction of HSA to various drug moieties and 

their alteration in the binding ability, intern reflected in pharmacokinetics reversibly, has been studied to a great 

extent [40, 41].  
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FIGURRE 1. Alpha helical domains of HSA (PDB ID: 1H9Z) with highlighted Trp 214 residue. 

A handful of literature is available on the interaction strategy of Ag, CdS, Se and Au metal NPs with HSA [30-33]. 

More many researchers also reported on the binding strategy of metal oxide NPs like TiO2 and ZnO [34,35] with 

HSA. However, to our knowledge synthesis, characterization and binding mechanism of Nar-AgNPs with HSA are 

not accessible in the literature so far. The present work focuses on the concept that HSA is the drug carrier protein 

model for investigating the binding mechanism of Nar-AgNPs to validate its biocompatibility for promising drug 

research. Targeting Nar-AgNPs-HSA interaction is far more challenging, but we systematically investigated the 

interaction of Naringenin-capped NPs with HSA by a series of conventional spectroscopic and calorimetric methods. 

The quenching of the intrinsic tryptophan fluorescence of HSA and the thermodynamic parameters associated with 

the interaction was determined by fluorescent spectroscopy and ITC. The conformational changes that evolved in 

the secondary structure of HSA upon Nar-AgNPs interaction were further investigated by CD spectroscopy. In this 

context, the presented work may be considered a logical research strategy to understand how the Nar-Ag NPs 

behave within the biological systems. 

2. EXPERIMENTAL SECTION 

2.1. Materials 
The Naringenin and Human serum albumin (HSA) were purchased from Sigma Aldrich., India. Sodium phosphate 

monobasic and dibasic for Phosphate buffer (pH-7) preparation was purchased from Merck. The silver nitrate and 

ethanol were procured from Central drug house (CDH). All other chemicals used for the synthesis were of analytical 

grade and used devoid of further purification.  

2.2. Synthesis of Naringenin capped Silver nanoparticles 
For the simple one-pot synthesis of Nar-Ag NPs, 1 mM of silver nitrate (AgNO3) and (1 mM) Naringenin were used 

as stock solutions. About 14mg of Nar was dissolved in 5ml ethanol as they are sparingly soluble in water, allowed 

to stir for 30 minutes and finally made up to 10 mL by adding distilled water. About 10 mL of AgNO3 solution was 

introduced into 10 mL of the above Nar solution by maintaining a 1:1 ratio. Thereafter constant stirring at room 

temperature for 20 minutes by slightly increasing the pH using 0.01 M NaOH (Fig. 2). The formation of Ag NPs 

was observed by monitoring the colour change to yellowish brown, indicating the formation of Nar-Ag NPs. 
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FIGURRE 2. Schematic representation of the synthesis of Naringenin capped Ag NPs. 

The stock solution of HSA (0.6mM) was prepared by dissolving 387 mg in 10ml phosphate buffer (pH-7) kept at 4 

°C and used for further interaction studies. Nar-Ag NPs at different concentrations ranging from 3- 13 µM were 

permissible to interact with a constant concentration of HSA (12µM) at room temperature. 

2.3. Biophysical Characterization Techniques 
The absorption spectrum of synthesized Nar-Ag NPs was recorded using a Shimadzu-2401 UV-visible 

spectrophotometer in the wavelength range of 200-600 nm. For XRD analysis, the Nar-Ag NPs solution was placed 

in coverslips and dried at 60°C in a hot air oven. The dried samples were scrapped out into fine powder and 

analyzed in an X-ray diffractometer. The diffraction spectrum was recorded by PANalytical X-ray diffractometer 

with CuK α radiation (λ= 1.5406 Å) in the 2 θ range of 10-90°. The morphology, microstructure and distribution of 

the Ag NPs were characterized by using high-resolution transmission electron microscopy (HRTEM) (JEOL JEM 

2100 with LaB6 filament) with an operating voltage of 200 kV. The presence of Naringenin on the surface of Ag 

NPs was confirmed from Fourier transform infrared (FTIR) spectroscopy and was obtained by using Shimadzu 

Model: IR Prestige 21, with a ZnSe ATR crystal (Pike technologies) spectrometer at room temperature in the 

wavelength range of 4000-500 cm-1. The fluorescence spectrum of the HSA-Nar-Ag NPs complex was measured 

using Fluoromax-4 Spectrophotometer with a spectral slit width of 3 nm and an excitation wavelength of 290 nm. 

The extent and rate of structural changes intertwining the interaction of Nar-Ag NPs on the secondary structure of 

HSA were determined by using far-UV CD spectroscopy recorded in the range of 190-260 nm. The CD spectrum 

was obtained from a Jasco-815 spectropolarimeter with a scan rate of 200nm/min using a quartz cuvette of 1 cm 

path length and 10 mm cell length. 

Interaction studies of Nar-Ag NPs with HSA by ITC  
The ITC is becoming a sensible method for determining intermolecular interactions by means of thermodynamic 

parameters. The calorimetric titrations were performed by using VP-ITC isothermal titration calorimeter from 

Micro-cal (Northampton, MA, USA) at 298.15 K to characterize the thermodynamic parameters of Nar-Ag NPs-

HSA interaction. About 0.01 mM HSA and 0.2 mM Nar-Ag NPs solutions were prepared in a phosphate buffer of 

pH-7 for the binding experiments in order to validate the interaction kinetics. The samples were degassed prior to 

loading to prevent the interference of air bubbles. A total of 29 injections were made with a stirring speed of 307 
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rpm. A time interval of 180 seconds was also set between injections to allow the consecutive peaks of each injection 

to return to the baseline. The volume of the first injection was set as 3µL to avoid inaccuracy. The final data 

obtained after the injection, i.e., the amount of heat liberated per injection as a function of the molar ratio of Nar-Ag 

NPs to HSA, were fitted by a nonlinear least square method using ORIGIN software.  

3. RESULTS AND DISCUSSION 

3.1 Characterization of Nar-Ag NPs 
The formation of Nar-Ag NPs is further confirmed through P-XRD and UV-Vis analysis. Figure 3a shows the 

PXRD pattern of as-prepared Ag nanoparticles through the green synthesis method. The distinct diffraction peaks at 

2 values of 37.80°,44.17°,64.24° and 77.17° corresponding to the (111), (200), (220) and (311) planes of the face-

centred cubic structure of silver nanoparticles (JCPDS 893722)[42]. The absorption spectrum of Nar-Ag NPs 

exhibited a broad surface plasmon resonance (SPR) peak in the visible range centred at 450 nm (Fig. 3b). The SPR 

absorption depends on the size and shape of the metal NPs, dielectric constant of the metal and surrounding medium 

[43]. The SPR peak is broadened due to the polydispersed NPs.The inset of Figure 3b shows the absorption spectra 

of Nar-Ag NPs after 30 days, and it confirms the stability of the green synthesized sample after ageing. 

 
FIGURRE 3. (a). UV-Vis absorption spectrum of Nar-Ag NPs. The inset figure shows the absorption spectra of Nar-Ag NPs 

after 30 days.Fig.3 (b) XRD spectrum of Nar-Ag NPs. Fig. 3 (c) FTIR spectrum of Nar and Nar-Ag NPs. 

 

The flavonoid compounds like Nar, which have lower redox potential and a higher number of hydroxyl groups, 

exhibited efficient electron transfer and are reliable in making more Ag NPs [44]. The effective capping of Nar on 

the surface of Ag NPs was confirmed from the FTIR spectrum (Fig. 3c). Observable shifts are corresponding to the 

absorption of infrared waves by different functional groups at 3040cm-1, 1604cm-1, 1323cm-1, 1152cm-1 and 829cm-

1. The 3000-3500 cm-1 peak corresponds to O-H group vibrations of Nar, and the C-H plane bending vibrations is 

observed at 1323 cm-1. The peak at 1604 cm-1 signifies C-C stretching vibrations, 1152cm-1 and 829cm-1, attributed 

to C-O stretching vibrations. The increased intensity of the hydroxyl group may be due to the binding of ions to the -

OH group [32,45, 46].  

In the FTIR spectra of Nar-Ag NPs, there is a sudden dip at the range of 3000-3500cm-1; the broad and intense peak 

confirmed the capping of Nar on the surface of AgNPs.  
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The HRTEM images revealed that most of the particles are spherical, some in hexagonal shape with an average 

particle size of 30 nm (Fig. 4a &b). Fig.4c shows HRTEM images of Nar-Ag NPs with the d-spacing of 0.23 nm 

and 0.15 nm, corresponding to the planes (111) and (220), respectively. The selected area electron diffraction 

(SAED) pattern (Fig.4d) showed characteristic diffraction rings corresponding to the face-centered cubic (FCC) 

structure of Ag NPs (111, 220, 311). The HRTEM image and SAED pattern are consistent with the XRD spectrum, 

confirming the FCC crystalline structure of the synthesized Nar-Ag NPs. 

 
FIGURRE 4. (a) & (b) TEM Images, (c) HRTEM image and (d) SAED pattern of Nar-Ag NPs. 

3.2. Biophysical Characterization of HSA- Nar-Ag NPs Complex 

3.2.1. Absorption studies of HSA -Nar-Ag NPs.  
The UV-Visible absorbance spectra of the native HSA and HSA conjugated with varying concentrations of Nar-Ag 

NPs were analyzed and depicted in Fig. 5(a). The UV region of the spectra exhibited a strong band at 278nm, which 

originates from the aromatic residues tryptophan, tyrosine and the disulfide bonds in the proteins [47]. With the 

addition of Nar-Ag NPs, the absorbance of HSA increases gradually without any shifts in the peak position and 

indicates a ground state complex formation between HSA and Nar-Ag NPs.  
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FIGURRE 5. (a). The Absorption spectra of HSA with various concentrations of Nar-AgNPs show a gradual increase in the 

absorbance of HSA upon increasing the concentration of Nar-AgNPs. (b) shows the fluorescence spectra of HSA with various 

concentrations of Nar-AgNPs and fluorescence intensity of HSA falls consistently with increasing concentration of Nar-AgNPs. 

(c)The Stern-Volmer plot between I0/and [Q]. 

3.3. Fluorescence quenching studies of HSA and HSA complexed with Nar-Ag NPs  
The fluorescence quenching study is an accurate tool to gain more precise information regarding the binding of Nar-

Ag NPs to HSA. Fig.5 (b) shows the fluorescence spectra of HSA and HSA-conjugated Nar-Ag NPs. HSA offers a 

strong emission peak around 345 nm with an excitation of 290 nm. The tryptophan residue (Trp-214) in the 

subdomain II A is the major contributor to HSA fluorescence. Tryptophan fluorescence is highly sensitive to 

changes in the microenvironment [32]. From the figure, it is clear that, on the addition of different (3-13 Mm) Nar-

Ag NPs, the fluorescence intensity of HSA quenches. The quenching of fluorescence indicates some strong 

interactions between HSA and NPs, and the intensity variation is due to the binding of Ag NPs to HSA at a location 

near the Trp214 residue. The spectral change provides clear-cut evidence towards forming a ground state complex 

[49]. The quenching can be analyzed by the Stern-Volmer equation[32], 

I0/I = 1 + KSV[Q] 

WhereI0 and I indicate the fluorescence intensities of HSA in the presence and absence of Nar-Ag NPs. KSV is the 

Stern-Volmer constant which means the sensitivity of a fluorophore to the quencher, and [Q] is the particular 

concentration of Nar-Ag NPs. The plot of I0/I versus varying concentrations of silver Ag NPs is shown in Fig. 5 (c). 

The value of KSV can be calculated from the slope of the straight line and is found to be 0.037×106 M-1. The Stern-

Volmer constant, KSV and biomolecular quenching rate constant, Kq, are correlated by the equation.  

KSV = Kqτ0 

Kq is calculated as 5.6×1012 M-1S-1.τ0 is the lifetime of HSA in the absence of quencher (2.89×10-7 s). 

HSA consists of three homologous alpha-helical domains (domains I, II, and III). Each domain comprises two 

subdomains (A and B) and has multiple ligand-binding sites localized in these two subdomains (Fig. 1). The single 

Trp-214 located in subdomain IIA has been used extensively as a fluorescent reporter for ligand binding and 

conformational studies. The overall fluorescence of HSA is contributed by amino acid residues tryptophan, tyrosine, 

and phenylalanine; among them, tryptophan (Trp-214) is the major contributor, but the other two express less 

contribution owing to their very low quantum yield [32,50]. Because of the high sensitivity of tryptophan emission 
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to the local environment in HSA, it is used to investigate the binding mode of drug moieties. The emission spectra 

show that the tryptophan fluorescence is drastically quenched in the presence of Nar-Ag NPs. The repeated addition 

of varying concentrations of Nar-Ag NPs did not shift the peak maximum (345 nm), indicating minor alterations in 

the structure of HSA. Therefore, it is logical to conclude from the observed fluorescence quenching that the possible 

binding sites of Nar-Ag NP are in the vicinity of the Trp-214 microenvironment of HSA (Fig. 6). 

 

 
FIGURRE 6. Schematic representation of the interaction between Nar-Ag NP with HSA. 

3.4. The Detection of Binding constant and number of binding sites in HSA for Nar-Ag NPs. 

The fluorescence quenching data also deduce information about the equilibrium binding constant (K) and the 

number of binding sites (n)in HSA- Nar-Ag NPs conjugate by using the equation[32,51]. 

log I0-I/I [2]=log K+n log[Q] 

Fig.7 illustrates the log I0-I/I plot against log [Q]. The values of K and n can be calculated from the straight-line 

equation. The Y-intercept and slope of the line give K and n, respectively; the resultant values are 2.2 ×106 M-1 and 

1.72. 
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FIGURRE 7. The plot of logI0-I/I versus log [Q]. 

3.5. Fluorescence resonance energy transfer to the Nar-Ag NPs and distance calculation 

Forster resonance energy transfer (FRET) efficiently determines the distance between Nar-Ag NPs and HSA protein. 

In the FRET mechanism, a donor fluorophore in an excited state may transfer its excitation energy to a nearby 

acceptor chromophore in a non-radioactive approach through dipole-dipole interaction [52, 53, 32]. FRET can occur 

only when there is a spectral overlap between the emission spectrum of the donor and the absorption spectrum of the 

acceptor with a separating distance, linking the donor and the acceptor, of within 2-8 nm. The efficiency of the 

FRET process (EFRET) depends on the inverse sixth power of the distance between the donor and acceptor pair(r) 

can be expressed as [49]. 

                                                         𝑬𝑭𝑹𝑬𝑻  =
𝑹𝟎

𝟔

𝑹𝟎
𝟔 +  𝒓𝟔=𝟏 −

𝑰

𝑰𝟎
                         [3] 

Where I and I0 are the fluorescence intensities of the donor in the presence and absence of the acceptor, R0 is the 

critical distance when the transfer efficiency is 50%, and the distance between the donor and acceptor, r, can be 

calculated using the equation [32].  

                                                        𝑹𝟎
𝟔 = 𝟖. 𝟖 × 𝟏𝟎−𝟐𝟓𝒌𝟐𝑵−𝟒𝝓𝑱                   [4] 

Where k2 is the spatial orientation factor of the dipole, N is the refractive index of the medium,Ф is the quantum 

yield of the donor, and J is the overlap integral of the fluorescent emission spectrum and is estimated by [54]. 

    𝐉 =
𝜮𝑭(𝝀)   ∈ (𝝀)𝝀𝟒

𝜮𝑭(𝝀)∆𝝀
 

Where F (λ) and are the fluorescence intensity of the donor and molar absorptivity of the acceptor, respectively. 

 
FIGURRE 8. The spectral overlap of the absorption spectrum of HSA and the emission spectrum of Ag NPs. 

Fig.8 illustrates the spectral overlap of the absorption spectrum of Nar-Ag NPs with the fluorescence emission 

spectrum of HSA. By using the values of energy transfer efficiency, J= 1.33×10-16 cm3 L Mol-1, k2=2/3, N=1.36 

and Ф=0.14 and by using these values, R0 and r can be calculated. The obtained values are R0=1.21 nm and r=2.12 

nm. Therefore, the binding distance, r, between the Trp donor of HSA and bound Nar-Ag NPs was obtained as 2.12 

nm. It reveals that Ag NPs are situated in close proximity to the Trp 214. These distances are consistent with the 
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reported results and were found to be 2.12 nm indicating a higher probability of energy transfer between the Trp 

residue and the Ag NPs [32]. 

3.6 Thermodynamic kinetics by Isothermal titration calorimetric Assay 
The thermodynamic interaction kinetics associated with binding Nar-Ag NPs with HAS can be interpreted through 

ITC. The thermal change was monitored by titrating Nar-Ag NPs sequentially into a solution of HSA, and the mode 

of interaction was found to be exothermic [32]. The binding constant (K), change in enthalpy (ΔH), change in 

entropy (ΔS), and the change in Gibbs free energy (ΔG) was calculated from the equation ΔG = ΔH-TΔS and 

shown in Table 1. The data of the ITC profile (Fig. 9) fit into the multiple binding site model giving a binding 

stoichiometry of n = 3 [32]. The rectangular points in the raw exothermic ITC curve represent the experimental 

injection heats, and the solid line denotes the calculated fit of the data by a nonlinear least square method [55]. The 

sign and magnitude of the thermodynamic parameters of Nar-Ag NPs binding to HSA deduced from ITC justified 

the formation of the HSA-Nar-Ag NPs binary complex suggesting favourable hydrophobic, electrostatic and 

hydrogen bonding interactions[56]. 

The Nar-Ag NPs have shown a significantly strong binding affinity with HSA exhibiting an average ΔG of 6.4 kcal 

mol−1. At the same time, the -ve ΔS (Table.1) values of the multiple binding sites on HSA indicate the lower 

entropy. It was assumed that the probability of hydrogen bond formation is very high in entropically driven 

reactions. Hence the reaction is entropy driven, and the system is ordered. Table.1 illustrates that here the 

mechanism of binding is exothermic and via hydrogen bonding interactions insisting ΔG, ΔH and ΔS are negative 

[57,32] and is in good agreement in terms of K and N values of fluorescence quenching data, respectively. 

TABLE 1. Binding and thermodynamic parameters of the HSA-AgNP system 

Temperature (K) K (M-1) ∆H (cal/mol) -T∆S ∆G   (Kcal/mol) n 

298.15 1.8×105 -1.406×104 7660 -6.4 3 

 

 
FIGURRE 9. Isothermal titration calorimetric analysis of Nar-Ag NPs (0.01 mM) with HSA (0.2 mM). The curve represents the 

energy released during the titration as a function of the compound added. Raw thermal power signal(top) and plot of integrated 

heat versus Ag NPs/protein molar ratio (bottom). 
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3.7. Circular Dichroism (CD) Spectroscopy 

The CD is a reliable technique for evaluating the secondary structure of HSA in solution and can also estimate the 

changes in the conformation and the folding pattern of HSA upon binding with Nar-Ag NPs. The wavelength-

dependent differences in the absorption of left-handed and right-handed circularly polarized light by optically active 

molecules like HAS [58]. The CD spectra of HSA were recorded in the presence and absence of Nar-Ag NPs (Fig. 

10). The CD spectra showed two significant firm negative peaks representing the typical distinctive conformation of 

the α helical proteins at 208 nm and 222 nm. The 208 nm band arose due to theπ-π* transition of the α helix, and the 

peak at 222 nm is ascribed to the n- π* change for both α- helical and unordered structures. The band at 222 nm is 

incorporated with the hydrogen bonding nature of α helices and is relatively independent of their length [59]. On the 

addition of Nar-Ag NPs to HSA, there is a clear decrease in ellipticity due to the binding of Nar-Ag NPs with the 

HSA, indicating a descent in α helical content. The percentage of α helicity of native HSA and HSA conjugated with 

varying concentrations of Ag NPs can be estimated from the mean molar residual ellipticity (MRE) [60,61]. 

α-helix (%) = 
𝐌𝐑𝐄𝟐𝟐𝟐−𝟑𝟎𝟎𝟎

−𝟑𝟔𝟎𝟎𝟎−𝟑𝟎𝟎𝟎
 

MRE designates the direct quantitative measure of the loss of α helical content of a protein. MRE222 is the observed 

value at 222 nm in degree cm2 mol-1, which can be calculated by applying the previously reported equation [62]. 

MREHSA= 
𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 𝑪𝑫(𝒎𝒅𝒆𝒈)

𝟏𝟎𝒏𝑪𝒍
 

Where n is the number of amino acid residues of HSA (585), C is the molar concentration and (cm) is the path 

length consecutively. In these characteristic HSA-Nar-Ag NP interactions, the unfolding of HSA increases the 

concentration of Nar-Ag NPs reflected in the percentage variations in α helical content (62% of pure HSA to 54%) 

and are scheduled in Table 2. A minor conformational change of ~8% is due to partial unfolding and slightly 

distorted structural integrity induced by the Nar-Ag NPs coupled interaction with HSA. 

 
FIGURRE 10. CD spectra of HSA and HSA with various concentrations of Ag NPs. 

TABLE 2.The percentage of α helicity on the addition of various concentrations of AgNP 

                                                                                                      
              System                                                                             α-helix (%) 

                  HSA                                                                                     62 

          HSA+3μMAgNP                                                                         59  

          HSA+8μMAgNP                                                                         56 

          HSA+13μMAgNP                                                                       54  
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4. CONCLUSION 

Herein, we have explored the interactions study of HSA and Nar-Ag NPs using various spectroscopic and 

calorimetric techniques. From the XRD and TEM analysis, the average particle size of Nar-Ag NPs was obtained < 

30 nm. The absorption and fluorescence quenching studies reveal a ground state complex formation between HSA 

and Nar-Ag NPs. The nature and energetics of the interaction by ITC exhibited an exothermic binding mode for 

Nar-Ag NPs, and the exchange was generally through hydrogen bonding. The high energy transfer possibility 

between the fluorophore (Trp-214) of HSA and the Nar-Ag NPs was estimated from FRET analysis. From FRET 

analysis and the fluorescence quenching analysis, it is clear that Ag NPs bound near the vicinity of Trp-214 residue. 

CD spectrometry explores the minimal modification of the secondary structure of HSA associated with the 

complexation. The present study shed light on the applications of natural drug-functionalized Ag NPs in the field of 

drug delivery, therapeutics and pharmacokinetics. 
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