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Abstract: Human serum albumin (HSA) is the most abundant protein in human blood plasma 

and plays a crucial role in drug transport and pharmacokinetics. Dapagliflozin (DAPA), a 

sodium-glucose co-transporter 2 (SGLT2) inhibitor, is widely prescribed for the treatment of 

type 2 diabetes mellitus. In the present study, we employed a combination of multi-

spectroscopic techniques, including fluorescence spectroscopy (three-dimensional, 

synchronous), UV-visible absorption spectroscopy, thermodynamic analysis, and molecular 

docking to investigate the interaction of dapagliflozin with HSA under physiological condition. 

The quenching mechanism of DAPA was determined to be dynamic through Stern-Volmer and 

modified Stern-Volmer analyses. The binding constants at 298 K, 303 K, 308 K were 0.52x104, 

0.303x104 and 0.264x104 M-1, respectively. Thermodynamic analysis revealed that the binding 

process is spontaneous, driven primarily by hydrogen bonding and hydrophobic interactions at 

various temperatures. Synchronous fluorescence studies suggest that DAPA binding does not 

significantly alter the microenvironment around the tyrosine and tryptophan residues of HSA, 

implying that the binding sites are spatially distinct from these residues. Three-dimensional 

fluorescence studies reveal that the addition of DAPA to HSA affects changes in the micro-

environment and conformation of HSA. UV-VIS spectroscopy confirmed the formation of the 

HSA-DAPA complex, characterized by spectral shifts in both peptide bond and aromatic amino 

acid regions, indicating alterations in the protein's secondary structure. The decrease in zeta 

potential upon DAPA binding suggests a change in the surface charge and potential 

conformational changes in HSA, which may influence its biological activity and interaction 

with other molecules. Molecular docking studies identified key amino acid residues involved 

in the binding of DAPA to HSA, primarily through hydrophobic and hydrogen bond 

interactions. 
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INTRODUCTION 

Diabetes mellitus is a medical 

condition characterized by uncontrolled 

blood glucose levels, excessive urine 

production by the kidneys, and is caused by 

chronic high blood sugar levels, as well as 

either a complete or partial inability of the 

body to secrete insulin or properly respond 

to its effects. The two primary 

classifications of diabetes are known as type 

1 diabetes (insulin-dependent diabetes) and 

type 2 diabetes (non-insulin-dependent 

diabetes) (1). According to the International 

Diabetes Federation, approximately 536.6 

million adults (10.5%) were estimated to 

have had Type 2 Diabetes in 2021.   

It is projected that the global number of 

people with diabetes will increase to 783.2 

million (12.2%) by the year 2045 (2). 

Dapagliflozin (DAPA) classified as 

a sodium-glucose cotransporter-2 (SGLT2) 

inhibitor is an oral medication primarily 

employed for managing type 2 diabetes 

mellitus (3). Its mode of action revolves 

around selectively targeting the SGLT2 

protein located in the kidneys, which is 

responsible for the reabsorption of more 

than 90% of the filtered glucose from the 

first (S1) and second (S2) segments of the 

proximal tubule (4).  

 

 

 
Figure 1. The chemical structure of dapagliflozin. 

 

Among the most vital bioactive 

molecules, proteins are intricately 

associated with nutrition, immunity, and 

metabolism, exerting multifaceted roles. In 

addition to their aforementioned functions, 

serum proteins actively participate in drug 

transport, exerting a significant influence 

over drug absorption, distribution, 

metabolism and excretion (ADME) (5). 

In recent years, Human Serum 

Albumin (HSA) has been extensively 

studied and widely used as a model protein 

in biophysics, biochemistry, and 

pharmacology (6). HSA is a protein 

consisting of a single polypeptide chain of 

585 amino acids and has a structure that 

includes three similar domains. Each 

domain encompasses two sub-domains (IA, 

IB, IIA, IIB, IIIA, and IIIB), all of which 

possess exceptional binding ability with 

endogenous and exogenous molecules, 

including small drug compounds (7). 

https://doi.org/10.5564/pmas.v65i01.4203
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Comprehensive analysis utilizing X-ray 

crystallography has confirmed that 

numerous drug molecules specifically bind 

two distinct drug binding sites on HSA, 

referred to as the warfarin binding site (site 

I) and the benzodiazepine binding site (site 

II), as initially discovered by Sudlow et al. 

and subsequently validated by Bos et al. 

These binding sites, known as Sudlow sites, 

have significance for drug interactions 

(8,9).  

Moreover, the fluorescence emission 

of HSA predominantly arises from the 

tryptophan (Trp) amino acid residue 

situated within the hydrophobic binding 

pocket of sub-domain IIA (10). Tryptophan 

residues are strategically located within 

binding sites of HSA, enabling the molecule 

to interact with and transport a diverse range 

of ligands (11). The unique 

physicochemical properties of tryptophan, 

such as its aromaticity and hydrophobicity, 

contribute to the binding affinity and 

specificity of HSA for different ligands. 

Therefore, the fluorescence of tryptophan 

residues in HSA can be useful for studying 

protein folding, ligand binding, and 

conformational changes in HSA (12).  

Considering the possibility of drug-

drug interactions involving HSA, it is 

essential to understand how dapagliflozin 

binds to HSA, including its binding affinity 

and specificity, to evaluate the potential 

risks of adverse effects when co-

administered with other medications. 

In 2021, the study of the interaction 

between dapagliflozin and Bovine Serum 

Albumin was published by Mohamed A. 

Abdelaziz et al (13). In Mohamed A. 

Abdelaziz et al.'s study, the Dapagliflozin 

and bovine serum albumin interaction study 

was investigated by spectroscopic and 

computational methods, e.g, two and three-

dimensional fluorescence, synchronous 

fluorescence, UV-Vis spectrophotometer, 

FTIR, molecular docking, molecular 

dynamic simulation, FRET, and binding site 

determination. Also, Asma Mohamady et.al 

and Attarat Pattanawongsa et.al studied its 

drug-drug interaction and glycated human 

serum albumin interaction in 2015 and 

2021, respectively (14,15) 

However, a detailed mechanistic 

understanding of its interaction with human 

serum albumin remains elusive, particularly 

at the molecular level. There are currently 

no published studies investigating the 

interaction between dapagliflozin and 

human serum albumin by multi-

spectroscopic analysis, e.g., emission 

spectroscopy (synchronous and three-

dimensional (3D) fluorescence 

spectroscopy), UV-Vis absorption 

spectroscopy, and zeta-potentials under 

physiological conditions and molecular 

docking method. 

 

MATERIALS AND METHODS 

 

Materials: Human serum albumin (Fatty 

acid and globulin free, purify >99%) was 

purchased from Sigma Chemical Co. 

Dapagliflozin was obtained from 

AstraZeneca (Mount Vernon, Indiana, 

USA). All of the other chemicals were used 

as supplied without further purification. The 

test tubes were purchased from Padaman 

LLC (China). 

The HSA was prepared by weighing 

and dissolving the protein in phosphate 

buffer. (10 mM, pH 7.4). Dapagliflozin 

solution was prepared by dissolving in 

organic solution ethanol (12 mM). All 

reagents were dissolved in ultrapure water 

and used throughout the experiments. Stock 

solutions were stored in the dark at 277 K. 

 

Methods 

Preparation of solutions 

A potassium phosphate buffer 

solution was prepared at a concentration of 

0.01 mmol/L and its pH was adjusted to 7.4 

with a 1 M NaOH solution. The HSA stock 

solution was prepared at 2 µM in phosphate 

buffer, and 5 mmol/L stock of DAPA was 

prepared in methanol. UV-vis absorbance, 

synchronous fluorescence, three-

dimensional spectroscopy, and zeta 

potential of HSA and DAPA were recorded, 

and spectral measurements were obtained 

https://doi.org/10.5564/pmas.v65i01.4203
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under the same condition. All experiments 

were recorded at pH 7.4.  

 

Apparatus and Methods 

 

Fluorescence Spectra Measurements 

The fluorescence spectra 

measurements were performed on a Hitachi 

F-4600 spectrofluorometer (Tokyo, Japan) 

with a xenon lamp and 1cm quartz cell and 

thermoblock (Daihan Scientific Co., Ltd). 

The excitation wavelength was set at 280 

nm, and the emission was measured from 

300-500 nm at each temperature (298 K, 

303 K, 308 K). The excitation and emission 

bandwidths were set at 5nm. The response 

time and the scan speed were fixed at 700 V, 

1.0 s, and 1200 nm min-1 respectively. 2 µM 

HSA was titrated with increasing 

concentrations of DAPA (1-50 µM) in 0.01 

mmol/L potassium phosphate buffer at pH 

7.4, and the fluorescence spectra were 

recorded. 

 

Synchronous and Three-dimensional  

Fluorescence Spectra Measurements 

Synchronous and three-dimensional 

fluorescence measurements were carried 

out in Hitachi F-4600 spectrofluorometer 

(Tokyo, Japan). Synchronous fluorescence 

spectra were recorded in the wavelength 

range from 200-500 nm at 298 K. The 

scanning wavelength interval (Δ𝜆=𝜆ex-𝜆em) 

was Δ𝜆=15 nm, Δ𝜆=60 nm, which were 

used for properties of tyrosine and 

tryptophan residues of HSA, respectively. 2 

µM HSA was titrated with increasing 

concentrations of DAPA (1-50 µM) in 0.01 

mmol/L potassium phosphate buffer at pH 

7.4, and the synchronous fluorescence 

spectra were recorded. 

Three-dimensional fluorescence 

spectra for the HSA-DAPA complex system 

were performed in the presence and absence 

of 50 µM DAPA at the excitation 

wavelength range from 200 to 340 nm and 

the emission wavelength from 200 to 500 

nm at 298K. 

 

UV-visible spectra measurements 

All UV-Vis absorption spectra 

measurements were taken using a UV-

VisM51 spectrophotometer (Berlin, 

Germany) with 1cm quartz cell at room 

temperature. UV-Vis absorption spectra of 

HSA (2 µM) were measured in the 

wavelength range between 200–500 nm by 

titrating the concentration of DAPA drug 

(10-50 µM).  

 

Zeta potential measurement 

Zeta potential measurement was 

carried out using a Zeta-potential analyzer - 

ZetaCad instrument (Paris, France) with 

Zeta compact 6.0 software.  

The surface charge of HSA was measured 

using the Zeta potential meter, and the total 

volume of the solution was calculated as 15 

ml. Human serum albumin and 

Dapagliflozin concentrations for ϛ-potential 

analysis were selected to get the same molar 

ratio like for fluorescence studies. 

 

Molecular docking 

Molecular docking simulations were 

conducted to predict the binding affinity 

and mode of interaction between DAPA and 

sites I and II of HSA, using AutoDock Vina 

1.1.2, AutoDockTools 1.5.7. The crystal 

structure of HSA (PDB ID: 1AO6) was 

prepared by removing all water molecules 

to maintain its 3D structure. And the ligand, 

Dapagliflozin 3D structure was downloaded 

from ChEMBL (ID: 429910) and converted 

to pdbqt file using Openbabel. The ligand 

DAPA was constrained to have 12 degrees 

of torsional freedom due to the flexible 

bonding. Only polar hydrogen atoms were 

added to both DAPA and HSA molecules.  

Kollman partial charges were 

subsequently assigned to all atoms.  A 

100x100x100 Å grid was generated with a 

spatial resolution of 0.375 Å. The central 

coordinates of the grid cell were set to x-

24.515, y-33.299, and z-37.252. A docking 

analysis was then performed with 10000 

iterations centered on this grid. The 

complex formed between DAPA and HSA 

was visualized using UCSF Chimera 1.16 

and PyMol software.  

https://doi.org/10.5564/pmas.v65i01.4203
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RESULTS AND DISCUSSION 

Fluorescence study of HSA-DAPA system 

 

Molecular fluorescence quenching is 

a sensitive technique used in biophysical 

research to study drug interactions with 

human serum albumin. This method is 

valuable for drug discovery, development, 

pharmacokinetics, pharmacodynamics, 

energy transfer, and binding affinity of 

drugs(16). Fluorescence quenching occurs 

through two main mechanisms: static and 

dynamic quenching. Static quenching 

involves the formation of a complex 

between the drug and HSA, while dynamic 

quenching results from collisions between 

the excited-state drug and HSA. Factors like 

temperature, pH, ionic strength, and drug 

concentration influence the extent of 

quenching and the binding properties of the 

HSA-drug complex. The intrinsic 

fluorescence of albumin, primarily due to 

tryptophan residues, is sensitive to changes 

in its microenvironment. Binding of small 

molecules to albumin alters this 

microenvironment, leading to changes in 

fluorescence intensity, a phenomenon 

underlying the quenching process(17).  

HSA has the highest fluorescence 

emission at 353 nm at excitation 

wavelength 𝜆=280. The decrease of 

fluorescence intensity of HSA has been 

monitored at 353 nm for HSA-DAPA 

system (Figure 2A). As the concentration of 

the quencher molecule increased, the shape 

of the spectra remained unchanged, but a 

slight blue shift of approximately 5 nm was 

observed. This result indicates the 

formation of a complex between HSA-

DAPA. 

The concentration-dependent 

decrease in HSA fluorescence intensity 

upon DAPA binding indicates there is an 

interaction. The observed blue shift in the 

maximum emission wavelength suggests 

that the tryptophan residue of HSA is 

moving to a more hydrophobic environment 

upon complex formation.  

We applied the Stern-Volmer equation 

(1) to study fluorescence quenching by 

varying complex concentration at different 

temperatures:

 

 

 𝐹0 𝐹 = 1 + 𝐾𝑞𝜏0 = 1 + 𝐾𝑠𝑣[𝑄]⁄                                                                                                                                                                               

(1) 

Where 𝐹0 and 𝐹 represent 

fluorescence intensities of HSA in the 

absence and presence of DAPA quencher 

molecule, respectively. 𝐹0 is the 

fluorescence intensity of HSA. The 

biomolecular quenching rate constant is 

denoted as 𝐾𝑞, the average lifetime of the 

biomolecule without quencher is 

represented as 𝜏0, and 𝑄 indicates the 

concentration of the DAPA. Biopolymer 

lifetime is 10-8 s for HSA and BSA. The 

constant of the quenching rate is found by 

the following equation:  

 

 𝐾𝑞 = 𝐾𝑠𝑣 / 𝜏0               (2) 

The values of the Stern-Volmer 

constant (𝐾𝑠𝑣) and dynamic, static 

quenching both distinguished by the 

quenching rate constant (𝐾𝑞) of the HSA-

DAPA interaction at different temperatures 

are calculated according to the formula 

shown in (1), and results are shown in Table 

1. The constant of the Stern-Volmeris 

increased with increasing temperature, 

which indicates that the quenching process 

is dynamic (18). 

 

https://doi.org/10.5564/pmas.v65i01.4203
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Figure 2. (A) Fluorescence spectra of HSA-DAPA system. (a)𝟐 × 𝟏𝟎−𝟔mol/L HSA, (b-h) HSAin 

the presence of 𝟏𝟎−𝟔,𝟓 × 𝟏𝟎−𝟔, 𝟏𝟎 × 𝟏𝟎−𝟔, 𝟐𝟎 × 𝟏𝟎−𝟔, 𝟑𝟎 × 𝟏𝟎−𝟔, 𝟒𝟎 × 𝟏𝟎−𝟔, 𝟓𝟎 × 𝟏𝟎−𝟔 mol/L 

DAPA, pH 7.4, T = 298 K. (B) Stern-Volmer plot of HSA quenching for various DAPA 

concentration at different temperatures. (C) Double logarithmic plot for the quenching of HSA 

by DAPA at different temperatures. (D) Van’t Hoff plot for the interaction of HSA and DAPA. 

 

Table 1. Stern-Volmer and quenching rate constant of HSA-DAPA complex  

at different temperatures. 

 

pH 
Temperature (K) 

Ksv 

(104 M-1) 

Kq 

(1012 M-1 s-1) 
R2 

7.4 

298 6.39 6.39 0.9938 

303 8.38 8.38 0.9843 

308 8.92 8.92 0.9943 

R2– correlation coefficient.  
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Thermodynamics and binding forces

Non-covalent interactions between 

molecules and macromolecules are 

primarily hydrogen bonding, electrostatic, 

van der Waals, and hydrophobic forces. 

According to the modified Stern-Volmer 

equation, it is possible to calculate the 

binding constant (𝐾𝐴) and the number of 

binding sites (𝑛) of the HSA-DAPA 

complex (13). Modified Stern-Volmer 

equation: 

 𝐿𝑜𝑔 (
𝐹0 − 𝐹

𝐹
) = 𝐿𝑜𝑔𝐾𝑎 + 𝑛𝐿𝑜𝑔[𝑄] (3) 

Here 𝐹0, 𝐹 are the fluorescence 

intensities of the HSA with or without the 

addition of the quencher molecule; 𝐾𝑎-

binding constant; number of DAPA binding 

sites (n) on HSA; [𝑄] is the concentration of 

the quencher molecule. 

 
Table 2. Binding and thermodynamic parameters of HSA-DAPA antidiabetic drug  

complex at different temperatures. 

pH T (K) Ka (104 M-1) n R2 
G 

(kJ mol-1) 

S 

(J mol-1 K-1) 

H 

(kJ mol-1) 

7.4 

298 0.523 0.73 0.9979 -75.60 

3.137 2.841 303 0.303 0.61 0.9934 -91.3 

308 0.264 0.58 0.992 -106.99 

R2-correlation coefficient 

The fluorescence quenching behavior 

of the protein was investigated to elucidate 

the quenching mechanism and rates. Stern-

Volmer analysis was performed on the 

relative fluorescence intensity 𝐹0/𝐹 as a 

function of quencher concentration [𝑄]. 

Figure 2B shows Stern-Volmer plot at 298 

K, 303 K, and 308 K. The number of 

binding sites and binding constant can be 

determined by log [(F0-F)/F] versus log [Q] 

based on equation (3) (13). Experiments 

indicate that the binding constants (𝐾𝑎)x104 

M-1 of the HSA-DAPA system at various 

temperatures shows moderate binding. The 

thermodynamic parameters ΔG°, ΔH°, ΔS°, 

which control the interaction of HSA and 

DAPA, are collected in Table 2 and were 

obtained using the Van’t Hoff equation (4) 

and the Gibbs free energy equation (5): 

 

 𝑙𝑛𝐾𝐴 =
−∆𝐻

𝑅𝑇
−

∆𝑆

𝑅𝑇
 (4) 

Here 𝑅 is the gas constant (8.314 J. 

mol-1 K-1); 𝑇-temperature (298 K, 303 K, 

308 K); 𝐾𝐴- Modified Stern-Volmer binding 

constant depending to each temperature.  

The Gibbs free energy is calculated by 

the following formula: 

 ∆G0 = ∆H0 −Τ∆S0 (5) 

To calculate the thermodynamic 

parameters of the drug interaction HSA-

DAPA, we took a natural logarithm of 

values of the protein-drug binding constant 

and temperature-dependent Van't Hoff plot 

(Figure 2 C).  

The values of the thermodynamics and 

binding constants are shown in Table 2. In 

our experiments, the enthalpy changes (∆H) 

and entropy changes (∆S) were greater than 

zero, indicating that the drug was bound to 

the hydrophobic part of the protein and that 

https://doi.org/10.5564/pmas.v65i01.4203
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the Gibbs free (∆G) energy changes were 

negative, indicating that the HSA-DAPA 

process was spontaneous (19) 

 

Synchronous fluorescence spectroscopy 

study 

 

Our study demonstrates that the 

binding of DAPA to HSA causes 

fluorescence quenching. However, the 

potential impact of this binding on the 

conformation and/or molecular 

environment surrounding HSA remains 

uncertain. Synchronous fluorescence 

spectroscopy, a sensitive and selective 

technique, further investigated DAPA-HSA 

binding (20). 

Synchronous fluorescence spectra 

(SFS) indicate ligand-induced changes in 

the microenvironment of tyrosine and 

tryptophan residues in human serum 

albumin (21). By simultaneously scanning 

excitation and emission monochromators at 

a fixed wavelength interval (), 

synchronous fluorescence spectroscopy 

(SFS) provides specific information on 

tyrosine ( = 15 nm) and tryptophan ( 

= 60 nm) residues in HSA. Figure 3 shows 

the synchronous fluorescence spectrum of 

HSA as a function of DAPA drug 

concentration. There was no peak shift in 

the spectra of tryptophan ( = 60 nm) and 

tyrosine ( = 15 nm). These findings 

indicate that the microenvironments of 

tryptophan and tyrosine remain unaltered 

upon DAPA binding to HSA, suggesting 

that these amino acid residues are spatially 

distant from the binding site (22).  

 

 
Figure 3. Synchronous fluorescence spectra of (A) tyrosine ( = 15 nm) and (B) tryptophan ( = 

60 nm). (a) 𝟐 × 𝟏𝟎−𝟔mol/L HSA, (b-h) HSA in the presence of 𝟏𝟎−𝟔, 𝟓 × 𝟏𝟎−𝟔, 𝟏𝟎 × 𝟏𝟎−𝟔, 

𝟐𝟎 × 𝟏𝟎−𝟔,𝟑𝟎 × 𝟏𝟎−𝟔, 𝟒𝟎 × 𝟏𝟎−𝟔, 𝟓𝟎 × 𝟏𝟎−𝟔 mol/L DAPA, pH 7.4, T = 298 K. 

 

Three-dimensional fluorescence 

spectroscopy 

Three-dimensional fluorescence 

spectroscopy was used in addition to 

quenching and synchronous fluorescence to 

study the HSA-DAPA complex. Three-

dimensional fluorescence spectroscopy is a 

comprehensive luminescence technique 

that simultaneously measures the 

excitation, emission, and intensity 

wavelengths of complex fluorophores. It 

can provide detailed insights into structural 

changes within the polypeptide backbone 

and alterations in the polarity of the 

microenvironment surrounding tryptophan 

https://doi.org/10.5564/pmas.v65i01.4203
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and tyrosine residues, induced by ligand 

binding (23). 3D spectra can reveal 

conformational changes in HSA, such as 

wavelength shifts, new peak formation, or 

peak disappearance (24). The 3D spectra 

and the contour spectra of HSA and the 

HSA-DAPA complex system are shown in 

Figures 4 and 5, respectively. There are 

three peaks of free HSA that are generally 

detected in the 3D fluorescence spectrum. 

The corresponding 3D fluorescence 

spectrum data are listed in Table 3. 

As shown in Figures 4 and 5, peak “a” 

represents the Rayleigh scattering peak 

(λem =λex). At the same time, there are 

two typical fluorescence peaks observed in 

3D fluorescence spectra. Peak 1 (ex=280 

nm, em=370 nm) mainly revealed the 

spectral feature of Trp and Tyr residues, and 

peak 2 (ex=230 nm, em=375 nm) displays 

fluorescence behavior of the polypeptide 

backbone, which is caused by the transition 

of π→n* of C=O group in HSA, and its 

intensity is related to the secondary 

structure of the protein (25).  

Upon the addition of DAPA, a blue 

shift of 10 nm was observed for peak 1 

(from ex/em = 280/370 nm to ex/em = 

280/360 nm) and an 8 nm blue shift for peak 

2 (from ex/em = 230/375 nm to ex/em = 

230/367 nm). These spectral shifts indicate 

a decrease in the polarity and an increase in 

the hydrophobicity of the tryptophan 

microenvironment, suggesting a 

conformational change in the HSA 

structure.  

Changes in the Rayleigh scattering 

peak intensity upon DAPA binding suggest 

alterations in the surface properties of the 

HSA. The observed decrease in scattering 

intensity with increasing DAPA 

concentration indicates a reduction in 

HSA’s size and a change in its 

microenvironment. 

 
Figure 4. 3D fluorescence spectra of HSA (A) and its contour spectra 

(B) [HSA] = 2 × 10⁻⁶ M, pH 7.4, T = 298 K. 
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Figure 5. 3D fluorescence spectra of HSA-DAPA system (A) and its contour spectra (B) [HSA] = 

2 × 10⁻⁶ M, [DAPA] = 50 × 10⁻⁶ M, pH 7.4, T = 298 K. 

 

 

Table 3. 3D fluorescence spectra parameter for HSA and HSA-DAPA system. 

 
 HSA HSA-DAPA system 

Peaks 

Peak position 

ex/em 

(nm/nm) 

Intensity (F) 

Peak position 

ex/em 

(nm/nm) 

Intensity (F) 

Fluorescence 

peak 

Peak 1 280/370 1417 280/360 1196 

Peak 2 230/375 189.8 230/367 149.7 

Rayleigh scattering peak a 280/280 430.2 280/280 334.4 

UV-Visible absorption spectral study 

 

Investigating protein conformational 

changes can be effectively accomplished 

using UV-vis absorption spectroscopy, 

which is a straightforward yet powerful 

technique. Confirmation changes caused by 

ligands in the protein's absorption spectrum 

are generally shown as evidence of the 

formation of a complex between the ligand 

and the protein. Additionally, UV-Vis 

spectral analysis has been utilized to 

enhance the understanding of how ligands 

induce the quenching of protein 

fluorescence (26),(27).  

We measured the UV-vis absorption  

spectra of HSA in the absence and presence 

of DAPA, which is presented in Figure 6. As 

the concentration of DAPA drug increased, 

the absorption intensity increased as well. 

The HSA-DAPA complex measured by UV-

Vis had two characteristic peaks, and due to 

the formation of the HSA-DAPA drug 

complex, there was one strong peak around 

205 nm and red shift from max-205 nm to 

max-209 nm in the short wavelength range. 

There was a peak at 278 nm and it shifted 

blue from max-278 nm to max-275 nm 

(aromatic amino acid residue).  
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Figure 6. UV-Vis absorption spectra of HSA in the presence of DAPA, [HSA] = 2 × 10⁻⁶ M, 

[DAPA] = (0-50) × 10⁻⁶ M, pH 7.4, T = 298 K. 

 

These results show that the binding of 

DAPA led to peptide bonds conformational 

changes in HSA of absence and presence of 

DAPA. 

Zeta Potential analysis 

The zeta potential, denoting the 

surface charge characteristic of a 

biomacromolecule like HSA in solution, is 

influenced by physiological pH conditions, 

such as pH 7.4 (28). The protein surface 

charge is related to its amino acid’s 

ionization (29). The negative charge 

exhibited by HSA at pH 7.4 mainly 

emanates from the carboxyl groups 

(COOH) positioned within the side chains 

of amino acids like aspartic acid and 

glutamic acid. Under these pH 

circumstances, these carboxyl groups tend 

to release a proton (H+), resulting in their 

transformation into carboxylate ions 

(COO⁻) carrying a negative charge. This 

interplay significantly contributes to the 

overall negative charge of the protein 

molecule (30). 

To authenticate potential drug 

binding, zeta potential measurements were 

performed under physiological pH 7.4. This 

measurement was based on the premise that 

the protein and drugs possess distinct net 

electric charges at a specific pH range.   

Specifically, the zeta potential value 

of HSA in the absence of drugs, indicated in 

Figure 7, was recorded as -22.38 mV. 

Further examination of Figure 7 revealed a 

decrease in the zeta potential of the protein 

upon DAPA binding. When the DAPA 

concentration increased from 10-50 µM, the 

zeta-potential slightly decreased from -

22.38 mV to -34.89 mV. This phenomenon 

might be attributed to a potential expansion 

of the protein's configuration due to 

elevated drug concentrations and the 

involvement of hydrophobic interactions 

during this process. 
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Figure 7. Effect of DAPA on the zeta potential of HSA. [HSA] = 2 × 10⁻⁶ M, [DAPA] = (10-50) × 

10⁻⁶ M, pH 7.4, T = 298 K. 

 

Molecular docking study 

 

It has become essential in silico 

methods, such as molecular modelling, to 

develop new therapeutic agents by 

examining how small molecules like drugs 

interact with biological macromolecules 

such as DNA and proteins (31). A molecular 

docking study was carried out to identify 

DAPA’s primary binding site on HSA. The 

binding mode of DAPA to HSA with the 

lowest energy rate is shown in Figure 8. As 

can be seen in Figure 8, DAPA molecule is 

surrounded by Ala-191, Lys-195, Asp-451, 

Tyr-452, and Val-455, as well as hydrogen 

bonds with Arg-218, Asn-295, and Lys-436 

with the binding energy of -6.37 kcal/mol-1. 

Thus, several forces like hydrophobic, 

hydrogen bonding or π-stacking, π-cation 

maintain a crucial role in occupancy of the 

DAPA at relevant site of HSA protein, 

which might induce some minor 

modification in conformations of the 

protein secondary structure. Also, DAPA 

molecule binds dominantly to Sudlow site 

II (domain III) of HSA.  

 

 
Figure 8.(A) Dapaglifzolin molecule located in the hydrophobic cavity of human serum albumin. 

(B) 2D representation of the interaction between HSA and DAPA. 
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CONCLUSIONS

In this study, we used multi-

spectroscopic methods to explore the 

interactions between DAPA and HSA under 

physiological conditions. The experimental 

results showed that the fluorescence 

quenching of HSA by antidiabetic for type 

2 diabetes drug DAPA was a result of the 

formation of complex between them by 

dynamic quenching. DAPA moderately 

binds to the Sudlow site II of HSA through 

hydrogen bonds and hydrophobic 

interactions, as indicated by the Stern-

Volmer constant (KSV), binding constant 

(Ka), and thermodynamic parameters. The 

thermodynamic analysis showed that the 

binding process was endothermic (ΔH°>0) 

and spontaneous (ΔG°<0). Using 

synchronous and 3D fluorescence 

spectroscopy, we determined that the 

interaction between DAPA and HSA 

resulted in a change in the secondary 

structure ratio of albumin, leading to a more 

hydrophobic microenvironment around the 

tryptophan amino acid residues. 

Furthermore, the formation of the DAPA-

HSA complex resulted in a more negative 

surface zeta potential of the albumin, which 

corroborated the findings from synchronous 

and 3D fluorescence spectroscopy. UV-Vis 

spectra revealed that the secondary 

structure of the HSA changed in the 

presence of DAPA.  

This research provides valuable 

insights into molecular interactions between 

the DAPA and HSA, suggesting that DAPA 

binds strongly to HSA, inducing 

conformational changes that could impact 

drug delivery and efficacy. This knowledge 

may contribute to the development of more 

effective drug delivery strategies and 

personalized medicine approaches, and 

further studies are needed to explore the 

long-term effects of DAPA binding on HSA 

function and its potential impact on drug 

metabolism and distribution. 
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