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The binding interactions between human serum albumin (HSA) and two anti-diabetic drugs, saxagliptin 

(SXG) and vildagliptin (VDG), are studied. Different approaches are adopted, including native fluorescence, 
synchronous fluorescence, UV–Visible absorption, and Fourier-transform infrared (FTIR) analysis, in addi-
tion to molecular docking simulations. Moreover, the thermodynamic parameters of the interactions are de-
termined at different temperatures. The obtained results indicate that the intrinsic fluorescence of HSA is 
quenched via a static mechanism. Values for the binding constant, Ka, are 4.0×104, 2.49×104, and 2.42×104 
L/mol for SXG, and 1.13×104, 8.54×103, and 7.15×103 L/mol for VDG at 298, 310, and 318 K, respectively. 
Evidence from competition experiments with site markers indicate that both SXG and VDG bind HSA pri-
marily at or near site I of the protein. FTIR spectroscopy data indicate an alteration of the protein confor-
mation in the presence of SXG or VDG. Indeed, the results of different spectroscopic analyses indicated that 
noticeable changes in the protein structure conformation occur following the addition of SXG or VDG.  
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Изучены связывающие взаимодействия между сывороточным альбумином человека (HSA)  

и двумя антидиабетическими препаратами — саксаглиптином (SXG) и вилдаглиптином (VDG).  
Использованы различные подходы, включая естественную флуоресценцию, синхронную флуоресцен-
цию, спектроскопию поглощения УФ-видимого диапазона, ИК-Фурье-спектроскопию (FTIR), в до-
полнение к моделированию стыковки молекул. При разных температурах определены термодинами-
ческие параметры взаимодействий. Показано, что собственная флуоресценция HSA подавляется по 
статическому механизму. Получены константы связывания Ka = 4.0×104, 2.49×104 и 2.42×104 л/моль 
для SXG и 1.13×104, 8.54×103 и 7.15×103 л/моль для VDG при 298, 310 и 318 К соответственно. Дан-
ные сравнительного эксперимента с индикаторами места связывания показывают, что SXG и VDG 
связывают HSA в основном в положении I белка или рядом с ним. Согласно результатам FTIR-
спектроскопии, конформация белка изменяется в присутствии SXG или VDG. Результаты спектро-
скопического анализа свидетельствуют о том, что заметные изменения в конформации структуры 
белка происходят после добавления SXG или VDG. 

Ключевые слова: сывороточный альбумин человека, саксаглиптин, вилдаглиптин, спектроско-
пия, константы связывания с белками. 
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Introduction. Drugs can generally act on biological membranes as well as inside the cells, which are 
enclosed by membranes. Even in the latter situation, drugs must interact with membranes to cross them and 
reach their targets [1]. Therefore, the type and extent of these interactions have a direct effect on the pharma-
cological action of the drug, its biosafety, delivery time, and therapeutic efficacy. Drug molecules in the 
blood circulation are either bound to plasma proteins or present in the unbound (free) form. Bound drugs in-
teract with human serum albumin (HSA) at two different binding sites, and examining the interactions be-
tween drug molecules and protein helps in the investigation of the crucial characteristics of the effect of 
drugs on the biological systems [2–4]. The data obtained from these interactions can give useful information 
on the reorganization of the absorption and circulation of drugs in the blood. 

Diabetes is a chronic disease that alters the way the human body handles glucose in the blood [5, 6]. 
A relatively new group of oral anti-diabetic agents called dipeptidyl peptidase-4 (DPP-4) inhibitors exists, 
which perform their pharmacological activity by increasing the levels of glucagon-like peptide-1 (GLP-1) in 
blood circulation [7]. Notably, GLP-1 is released after meals, but it undergoes rapid degradation by DPP-4. 
Inhibitors of DPP-4, however, rapidly block the degradation of GLP-1, thus improving glycemic control [8]. 
DPP-4 inhibitors such as saxagliptin (SXG) and vildagliptin (VDG) (Fig. 1) are widely used, and they have 
been shown to be superior to traditional oral hypoglycemic agents in terms of efficacy and tolerability  
[9, 10]. SXG and VDG act by inhibiting the degradation of endogenous GLP-1 and glucose-dependent insu-
linotropic peptides [11]. Additionally, evidence suggests that, in patients, these drugs may improve diabetes-
induced symptoms like learning and memory deficits [12]. The nature of the binding between SXG and 
VDG and HSA is expected to have a significant influence on the pharmacokinetics of the mentioned drugs. 

 

a                                                    b 
 

        
 

Fig. 1. Molecular model of (a) saxagliptin and (b) vildagliptin. 
 

To our knowledge, the thermodynamics of the binding of SXG and VDG to HSA has not been reported 
in the literature. Hence, this study aims to acquire information about the binding by characterizing the inter-
action mode, calculating the binding constants (Ka), and locating the binding sites on HSA. Different spec-
troscopic methodologies were applied, including native fluorescence, synchronous fluorescence, UV-visible 
absorption, and Fourier-transform infrared (FTIR). In addition, a molecular docking approach was imple-
mented. 

Experimental. SXG certified to have 99.8% purity was provided by Bristol‐Myers Squibb/Astra 
Zeneca EEIG (New Cairo, Cairo, Egypt). VDG certified to have 99.6% purity was provided by Novartis 
Company, EL Amiria, Cairo, Egypt. Diazepam (DIA) was provided by Amoun Pharmaceutical Co. (Cairo, 
Egypt). Indomethacin (IND) was obtained from Medical Union Pharmaceuticals (Ismailia, Egypt). TRIS 
(hydroxymethyl) aminomethane hydrochloride (TRIS–HCl) was of analytical reagent grade and obtained 
from Sigma Aldrich Co. (Heliopolis Cairo, Egypt). HSA was purchased from Sigma Aldrich Co. (Chemie 
Gmbh, Munich, Germany). Other supplementary chemicals were of analytical reagent grade. Double-
distilled water was utilized during the study. An HSA (20.0 μM) stock solution was freshly prepared in dis-
tilled water. Stock solutions of SXG, VDG, and IND (100.0 μM) were also prepared fresh in distilled water. 
A stock solution of DIA (100.0 μM) was prepared in 50% aqueous methanol. A tris-HCl buffer solution at a 
concentration of 20.0 mM (pH 7.4) was prepared in distilled water. All the solutions were stored in a refrig-
erator at 4°C. A Cary Eclipse fluorescence spectrophotometer equipped with a Xenon flash lamp manufac-
tured by Agilent Technologies (Germany) was used. The high voltage mode was used (800 V), and the slit 
width was 5 nm. The Shimadzu (Kyoto, Japan) UV-1601 PC, UV-Visible double-beam spectrophotometer 
was operated at a fast scan speed. A Hanna pH-meter (Romania) was used to allow the pH of the solutions to 
be adjusted. 

FT-IR spectra were acquired on a Thermo Fisher Scientific Nicolet-iS10 FT-IR Spectrometer manufac-
tured by Thermo Fisher Scientific (168 Third Avenue Waltham, MA USA).  
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Molecular modeling was carried out employing the Molecular Operating Environment software 
(MOE) [13]. MOE is a drug-discovery software platform that integrates visualization, modeling, and simula-
tions. Both drugs were built and energy-minimized; they were then subjected to docking simulation to the 
protein obtained for the protein data bank (www.rcsb.org) representing HSA (pdb code: 1E7I). The receptor 
was kept rigid, the triangle matcher technique was then implemented for the placement phase, and the Lon-
don dG function was used for scoring using 50 runs for each compound.  

Measurements. Fluorescence. Aliquots from the stock solution of each drug were quantitatively trans-
ferred into 10-mL volumetric flasks to obtain solutions at a concentration ranging from 1.0 to 6.0 μM for 
each drug; subsequently, 1.0 mL of TRIS buffer (pH 7.4) and 1.0 mL of 20.0 μM HSA solution were added 
in succession, and the various solutions were brought to the desired final volumes using distilled water. The 
solutions were mixed up and maintained for 45 min at different temperatures (i.e., 298, 310, and 318 K). The 
fluorescence emission spectra were then recorded between 290 and 450 nm, and the fluorescence intensity 
was recorded at 338 nm after excitation at 280 nm. Competitive binding experiments were conducted using 
two site markers that are specific for the two principal binding sites of HSA: IND, specific for site I, and 
DIA, specific for site II [14]. These experiments were conducted using a constant concentration of HSA and 
a molecular ratio of 1:1 between HSA and the site marker; the concentration of each drug was instead made 
to vary up to a maximum value for the drug-to-protein ratio of 10. The fluorescence emission spectra were 
then recorded. 

UV-Visible. The same procedure described to perform the fluorescence measurements was implemented 
to perform UV-Visible spectroscopy measurements using 5.0 mL of 20-μM HSA solution that also included 
the drugs being investigated at a concentration ranging from 10.0 to 60.0 μM. The measurements were con-
ducted in parallel with blank solutions lacking the drug. The UV-visible absorption spectra were recorded in 
the 200–350 nm wavelength range at three different temperatures: 298, 310, and 318 K.  

Synchronous fluorescence. Two different Δλ values were used to measure the synchronous fluorescence 
spectra (i.e., 60 and 15 nm), under imitated physiological conditions over the 225–550 nm wavelength range. 
A solution of HSA (2.0 μM) was added to different solutions of the two drugs ranging in the concentration 
range between 1.0 and 6.0 μM, and the synchronous spectra were then recorded.  

FTIR. The FTIR spectra of HSA (200 μM) in the presence of TRIS buffer and in the absence and pres-
ence of SXG or VDG were recorded from 1550 to 1750 cm−1. 

Results and discussion. Fluorescence quenching of HSA with SXG and VDG. One of the most conven-
ient methodologies to study the drug–protein binding process is fluorescence quenching [15]. SXG and VDG 
display no native fluorescence at the wavelength at which HSA does, so neither drug is expected to interfere 
with HSA fluorescence measurements. In Fig. 2 the fluorescence spectra of HSA are reported before and af-
ter its interaction with increasing concentrations of SXG or VDG. The fluorescence intensity was observed 
to decrease as the concentration of SXG or VDG increased, while the λ emission wavelength was observed 
to shift slightly. This indicates that, as a result of interactions between HSA and SXG or VDG, a certain al-
teration occurred in the microenvironment of the fluorophore of HSA (Trp213) [16]. 

 

Fig. 2. Fluorescence spectra of HSA alone (2.0 μM) and in the presence of SXG and VDG:  
a) HSA-SXG complexes;  b) HSA-VDG complexes excited at 280 nm at 298 K;  

concentrations  0, 1, 2, 3, 4, 5, and 6 μM. 
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UV-Visible absorption spectra of HSA with SXG and VDG. Given the simplicity of the use of  
UV-visible spectrometers, as well as their low cost and wide availability, UV-Visible spectroscopy can be 
used to investigate the basic alterations in protein besides examining the drug–protein complex for-
mation [17]. HSA exhibits absorption bands in the 200–350 nm wavelength range that are related to its aro-
matic residues, such as tyrosine, tryptophan, and phenylalanine [18]. In this work, the characteristics of the  
UV-visible spectra were indicative of the formation of HSA-SXG and HSA-VDG complexes. Notably, the 
absorption spectra of the HSA solutions were recorded after increasing amounts of each of the studied drugs 
had been added to them. Two absorption bands due to HSA were observed after the interaction of this pro-
tein with each of the two drugs: a strong band at 210 (Fig. 3a,c) and a weak band at 280 nm (Fig. 3b,d).  
Increasing absorbance values for these bands were observed as the drug concentrations increased. This trend 
is due to the attainment of more extended conformation by the peptide back bone upon ligand binding in 
HSA. Notably, a slight bathochromic shift of the mentioned peaks was also observed. The results of this 
study suggest that the interaction between each of the two drugs and protein caused an alteration in the mi-
croenvironment in the albumin region; consequently, a certain change in hydrophobicity takes place [19, 20]. 
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Fig. 3. UV spectra of HSA in the presence of a) saxagliptin at 210 nm, b) saxagliptin at 280 nm,  
c) vildagliptin at 210 nm, and d) vildagliptin at 280 nm; concentrations 0, 10, 20, 30, 40, 50, and 60 μM. 

 

Synchronous fluorescence spectroscopy. Synchronous fluorescence spectroscopy (SFS) offers several 
advantages over fluorescence spectroscopy, including spectral bandwidth reduction and spectral simplici-
ty [21]; therefore, SFS may provide data that illustrate the changes in the molecular environment of HSA, 
such as those experienced by the tyrosine or tryptophan residues after the drugs bind to HSA. SFS analysis 
focusing on the bands of tyrosine (Δλ = 15 nm) and tryptophan (Δλ = 60 nm) was employed to investigate 
the structural variations that occur in HSA upon it being exposed to different concentrations of SXG and 
VDG. The emission peaks of the tryptophan residues (Δλ = 60 nm) showed a slight shift after the reaction 
with the two drugs (Fig. 4). This indicates that tryptophan residues undergo conformational changes because 
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the hydrophobicity decreases and the polarity increases [22]. This finding provided further proof that certain 
conformational alterations occur in HSA in the presence of SXG or VDG.  

 

   

   
Fig. 4. Synchronous fluorescence spectra  of HAS  alone  and  in presence  of SXG and VDG:  

a) HSA-SXG complexes  at Δλ = 15 nm; b) HSA-SXG complexes at Δλ = 60 nm;  
c) HSA-VDG complexes at Δλ = 15 nm; d) HSA-VDG complexes at Δλ = 60 nm. 

 

Mechanism of fluorescence quenching and result interpretation. The mechanism by which fluorescence 
is quenched can be classified as either dynamic or static. Ligand–albumin complexes are generally non-
fluorescent in the case of static quenching; in dynamic quenching, on the other hand, the collisions result in 
fluorescent complexes. As the temperature increases, the dynamic quenching constant increases. That trend 
is attributed to the increase in value of the diffusion coefficients. By contrast, in static quenching, the 
quenching constant decreases in value in association with increases in temperature because of the instability 
of ground state complex. Notably, the Stern–Volmer equation illustrates the mechanism of fluorescence 
quenching [16]: 

F/F0= 1 + KSV[Q], 

where F and F0 represent the values for the fluorescence intensity in the presence and absence of the drug 
acting as quencher, respectively; KSV and [Q] are the Stern–Volmer quenching constant and concentration of 
the quencher (i.e., SXG or VDG), respectively. In Fig. 5 there are the plots of F/F0 versus the [Q] value of 
the drug at three investigated temperatures. As can be seen from Fig. 5 and the data listed in Table 1, a linear 
relationship between F/F0 and the [Q] values for SXG or VDG was obtained. The Stern–Volmer quenching 
constant values for the SXG-HSA and VDG-HSA complexes were calculated, and they were observed to de-
crease as the temperature increased. In order to distinguish the static quenching, the values for the quenching 
rate constant, kq, were calculated via the following equation: 

kq = 1 + KSV/τ0, 

where τ0 is the fluorophore lifetime in the absence of a quencher. Notably, the value of τ0 for biomolecules is 
reported to be 10−8 s [23].The values calculated for kq are listed in Table 1, and they were found to be 
2.57×1012, 2.05×1012, and 1.45×1012 L/mol/s for SXG, and 4.73×1012, 3.49×1012, and 2.63×1012 L/mol/s for 
VDG at 298, 310, and 318 K, respectively .The obtained results indicate that the values for kq were of the or-
der of 1012 L/mol/s, which is higher than the maximum diffusion collision quenching rate constant  
(2.0×1010 M−1 s−1) [24]. Therefore, HSA was assumed to undergo static quenching upon interaction with ei-
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ther SXG or VDG [16]. Importantly, the decrease in the value of kq in association with increases in the tem-
perature provides additional proof that the complex formation takes place in consequence of an interaction 
between either of the two drugs and HSA. 
 

Fig. 5. a) Stern–Volmer plots for HSA-SXG system and b) Stern–Volmer plots for HSA-VDG system  
at temperatures 298, 310, and 318 K. 

 

TABLE 1. The Parameters of Stern-Volmer Plots for the Quenching of HSA by SXG and VDG  
at Different Temperatures 

 

Drug T, K KSV, M–1 Kq, M–1/s–1 R1
2 n Ka, M–1 R2

2

 
Saxagliptin 

298 2.57104 2.571012 0.9966 1.034 4.003104 0.9997 
310 2.05104 2.051012 0.9987 1.016 2.49104 0.9980 
318 1.45104 1.451012 0.9977 1.039 2.42104 0.9978 

 
Vildagliptin 

298 4.73104 4.731012 0.9967 0.902 1.13104 0.9992 
310 3.49104 3.491012 0.9958 0.904 8.54103 0.9942 
318 2.63104 2.631012 0.9961 0.903 7.15103 0.9935 

N o t e. KSV: Stern–Volmer quenching constant; n: Number of binding sites; Ka: Binding constant obtained. 
 

Determination of binding constant and number of binding sites. The HSA-drug binding constant (Ka) 
and the number of binding sites (n) were estimated employing the following equation [25]: log(F0 − F)/F = 
= logKa + nlog[Q]. Plotting log[(F0 − F)/F] versus log[Q] resulted in a straight line, whose slope equals n 
and whose intercept with the y-axis equals logKa (Fig. 6). The calculated n value for the two HSA-drug 
complexes was about 1 in both cases, which suggests that there was a single binding site on HSA in the cas-
es of both SXG and VDG. Thus, the calculated Ka values indicate a strong binding interaction between each 
of the two drugs and HSA. Notably, the Ka values were noticed to decrease as the temperature increased, which 
implies that the stability of the SXG-HSA and VDG-HSA complexes decreased at elevated temperatures.  

 

Fig. 6. The plot of log(F0 – F)/F vs. log[Q] for quenching of HSA by (a) saxagliptin  
and (b) vildagliptin at 298, 310, and 314 K. 
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Calculation of thermodynamic parameters and investigation of binding forces. Noncovalent interactions 
(e.g., hydrogen bonding, van der Waals forces, electrostatic forces, and hydrophobic interactions) are known 
to play an important role in the stability of the complexes formed between serum albumin and drugs [26]. 
Hydrophobic interactions are mainly the motive force if ΔH and ΔS were positive values while van der 
Waals forces and hydrogen bonding forces are mainly present if obtained ΔH and ΔS were negative. Electro-
static forces are supposed to have a major role in the interaction when the ΔH value is negative and the ΔS 
are positive. In the present study, the ΔH and ΔS values for SXG-HSA and VDG-HSA complex formation 
were calculated via the following equation:  

lnKa = −ΔH/RT + ΔS/R. 

Here, R is the gas constant and T is the temperature in the Kelvin scale. 
The Gibbs free energy change (ΔG) could be calculated via the following equation [26, 27]:  

ΔG = ΔH − – TΔS = −2.303 logKa. 
A plot of ln Ka versus 1/T was constructed at the three studied temperatures, and values for the relevant 

slopes and intercepts were used to calculate the binding reactions’ ΔH and ΔS values, respectively (Table 2). 
The fact that the ΔG values were negative implies that the binding between each of the two drugs and HSA 
is spontaneous over the three studied temperatures [27]. Additionally, the positive values for ΔH, which re-
mained constant as the values for Ka increased with the temperature, indicated that HSA-drug binding was 
an endothermic process. Moreover, the positive values for ΔS indicated that the binding was mainly entropy-
driven. Based on the results just discussed, it is clear that hydrophobic forces have a predominant role in the 
binding interactions between HSA and the two drugs. 
 

TABLE 2. Thermodynamic Parameters (Free  Energy  Change (∆G),  Enthalpy  Change  (∆H),  
and Entropy Change (∆S)) for HSA-SXG and HSA-VDG Mixtures at Different Temperatures 

 

Drug T, K ∆G, kJ/mol ∆H, kJ/mol ∆S, J/mol/K 
 

Saxagliptin 
298 –26.256 25.02 216.1 
310 –26.091
318 –26.688

 
Vildagliptin 

298 –23.114 21.49 211.77 
310 –23.332
318 –23.464

 
Molecular docking. Molecular docking provides a visual representation of how the drug may bind to 

HSA. The protein can bind a broad range of drugs, and much of the clinical and pharmaceutical interest in 
HSA arises from its effects on drug pharmacokinetics [28]. The MOE program was used to predict the pos-
sible conformations of SXG and VDG in the HSA-drug complexes. In these simulations, both SXG and 
VDG were found to bind through their side-chains containing the cyano group with the conservative amino 
acid Tyr161 in HSA (Fig. 7) at binding scores of −7.226 and −7.601 kcal/mol, at distances of 2.85 and 
2.69 Å, respectively. Based on the previously mentioned experimental results, we can conclude that the re-
sults of the docking simulation afford a possible indication of the mode of binding of the two drugs to HSA.  

      
Fig. 7. Schematic view of the best configuration of the HSA-SXG (a) and HSA-VDG (b) complexes. 

a                                                                                                                  b 
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Despite being surrounded by many polar amino acids, the geometry of the most stable conformer identi-
fied in the docking study restricts the ligand exposure, which results in a distance larger than 3.5 Å between 
the polar groups of the drugs and the surrounding amino acids, which in turn prevents reliable hydrogen 
bond formation. The nature of the cyano group, which is linear due to the sp-hybridization of the carbon at-
om, makes it closer to the Tyr161 residue, making it possible for reliable interaction inside the pocket with 
the mentioned distances and energies [26].  

FTIR spectroscopy. Infrared spectroscopy has been considered as an important approach to achieving 
the fast determination of the average secondary structure of proteins [29, 30]. The amide I is the most widely 
used one in studies of protein secondary structure from all the amides of the peptide group. This vibration 
mode is due to the C=O bond stretching vibration of the amide group, and it causes infrared bands to appear 
in the region between 1600 and 1700 cm−1 [29]. The change in HSA conformation after its binding to SXG 
or VDG can be investigated focusing on the FTIR band of amide I in HSA in the presence and absence of 
each drug. As can be seen from Fig. 8a, a strong FTIR absorption band at 1637 cm−1 attributable to amide I 
appears in the spectrum of native HSA, in the absence of SXG or VDG, which implies that HSA adopts 
mainly an α‐helix-rich conformation. A slight change in the position and shape of the peak due to amide I is 
noticed after the addition of the drugs. Consequently, the interaction between HSA and SXG or VDG proba-
bly caused a rearrangement of the polypeptide carbonyl hydrogen bonding pattern due to SXG or VDG en-
gaging in binding interactions with the C=O and N–H groups of the HSA (Fig. 8).  
 
 

       
 

 
 

Fig. 8. FT-IR spectra of HSA. a) FT-IR spectra of free HSA; b) FT-IR spectra of HSA  
and saxagliptin c) FT-IR spectra of HSA and vildagliptin. 

 
Competitive binding measurements using site markers. The competition for the binding sites of HSA 

between site-specific markers and both drugs was investigated implementing a simple technique. Specifical-
ly, IND, a typical marker for site I of HSA, and DIA, a typical marker for site II, were used to conduct dis-
placement experiments. Fluorescence quenching data in the presence and absence of the said site markers 
were analyzed via the Stern–Volmer plots (Figs. 9). A data obtained suggest the competitive binding of site I 
and both drugs. The calculated values for KSV are listed in Table 3. The calculated values for the binding 
constants indicate that the binding between SXG or VDG and HSA was suppressed in the presence of IND; 
by contrast, the presence of DIA had no effect on the value of the binding constant. Consequently, both 
drugs can be concluded to bind at or near site I of subdomain IIA of HSA. These results are in accordance 
with the results obtained from molecular docking simulations.  
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Fig. 9. a) Stern–Volmer plots for HSA-SXG (a) and HSA-VDG (b) system alone  

and in the presence of the site markers. 
 

TABLE 3. Effect of Markers Ligands on KSV for the Interaction of SXG and VDG  
with HSA at 298 K 

 
Drug Parameter Drug only With IND With DIA 

 

Saxagliptin KSV 2.67105 3.6104 8.02104 
R2 0.999 0.993 0.998 

 

Vildagliptin KSV 8.17104 2.5104 6.7104 
R2 0.999 0.997 0.998 

 
Conclusions. The interaction of HSA with the anti-diabetes drugs SXG and VDG was studied. The ob-

tained results indicated that, as a consequence of the mentioned HSA–drug interactions, the intrinsic fluores-
cence of the protein was quenched via a static mechanism, since the value of the effective quenching con-
stant (KSV) was found to be inversely related with the reaction temperature, and the quenching rate constant 
(kq) was observed to have values that were larger than 2.0×1010 M−1 s−1, the maximum diffusion collision 
quenching rate constant. Additionally, the calculated thermodynamic parameters and the results of the mo-
lecular docking simulations for the binding interaction between HSA and each of the two drugs indicated 
that the main driving forces of the HSA-drug complex formation were hydrophobic, hydrogen bonding, and 
van der Waals ones. Evidence also suggested that the binding of SXG and VDG to HSA is an enthalpy-
driven process. On the other hand, UV-Visible absorption and synchronous fluorescence data indicated that 
binding of either drug to HSA resulted in a slight change in the conformation of the protein. In general, the 
present study focused on investigating the nature of the interactions of SXG and VDG with HSA in vitro un-
der simulated physiological conditions (pH 7.4), allowing further investigation on the pharmacological be-
havior of those drugs. This work can help provide important information on the transportation and storage of 
SXG and VDG in the human body, quite aside from these drugs’ mode of action and pharmacokinetic prop-
erties. 
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