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A B S T R A C T

Angiotensin receptor blockers (ARBs) represent a group of widely used therapeutic agents for the effective
control of hypertension and other cardiovascular problems. Herein, the interactions of three important members
of the ARBs (azilsartan, eprosartan and olmesartan) with bovine serum albumin (BSA) have been explored
employing a set of simple spectroscopic approaches complemented with molecular docking studies. Steady state
fluorescence emission results demonstrated the ARBs-induced quenching of the intrinsic fluorescence of BSA,
which turned out to be a result of the formation of non-fluorescent complexes. The determined Stern-Volmer and
binding constants were in the 104 magnitude, which were declined with the increase in temperature that pri-
marily indicated static type of quenching. Subsequent analysis of the fluorescence data to explore the thermo-
dynamic characteristics of these interactions showed spontaneous reactions with negative ΔH◦ values and po-
sitive ΔS◦ values, which suggest the involvement of electrostatic binding forces along with hydrogen bonding.
Competitive binding studies were conducted with the aid of known BSA site markers to find the binding region of
BSA for the investigated ligands. This was further supported by molecular docking simulations that ascertained
the efficient binding of the three ligands to Sudlow site I (subdomain IIA) in the BSA structure.

1. Introduction

In a recent report by the American Heart Association [1], an esti-
mate of more than 75% of the population over 40 years of age are living
with increased blood pressure. Hypertension is a principal cause of
death globally; it is a main risk factor for heart attack, stroke, chronic
heart failure, and kidney disease [2]. Owing to their potency in low-
ering cardiovascular diseases, angiotensin receptor blockers (ARBs)
alone or in combination are regarded as first line of treatment for hy-
pertension even in patients with other serious illnesses e.g. heart
failure, diabetes, etc. [3]. It was earlier reported that ARBs show high
affinity levels to plasma proteins (95–99.5%) [4] which in turn may
suggest that such protein binding can alter their activity either by in-
creasing duration of action or reducing the free drug concentration
their site of action, hence delaying the time of onset. A number of eight
members of the ARBs family are available in the market, they share the

main feature of selectively binding to the angiotensin II AT1 receptor, a
receptor that is ubiquitously situated on most tissues throughout the
entire body [5]. An important member of the ARBs family is azilsartan
medoxomil, which is a prodrug that is hydrolyzed in the gastro-
intestinal tract to its active moiety, azilsartan. Azilsartan (AZL, Fig. 1a)
is a selective blocker of the angiotensin II type 1 receptor (AT1) that
stops its binding, causing vasodilatation and decline in the aldosterone
effects [6]. AZL was not only shown to have antihypertensive effect but
also been claimed to possess reno-protective capabilities viz lowering
proteinuria, albuminuria, and nephrinuria [7]. Eprosartan (EPR,
Fig. 1b), is another selective angiotensin II receptor antagonist with a
high affinity for AT1 [8]. Through its angiotensin-II blocking activity,
EPR inhibits the angiotensin-II induced vasoconstriction and blocks the
angiotensin II -induced stimulation of aldosterone synthesis and secre-
tion by the adrenal cortex, cardiac contraction, renal re-sorption of
sodium hence, causes decline in blood pressure [9,10]. Olmesartan
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(OLM, Fig. 1c), is a third member of the ARBs family with high potency
and selectivity towards blocking the angiotensin AT1 receptor [11]. The
drug is also available with medoxomil ester moiety, which is cleaved
rapidly by the endogenous esterase releasing the active olmesartan
[12].

Pharmacokinetic features of the various drugs represent compli-
cated mechanisms inside the body, which are greatly influenced by the
affinity of such drugs to either the plasma constituents and/or the dif-
ferent tissues [13,14]. Former reports have shown various promising
synthesized compounds have failed and lost their way to the clinical use

Fig. 1. Chemical structures of AZL, EPR and OLM.

Fig. 2. Representative emission spectra at 298 K showing λem maxima at 342 nm of BSA (1.5 μM in PBS) in presence of (a) AZL (0, 1.5, 3.0, 6.0, 9.0 and 12.0 μM as
1–6) (b) EPR (0, 1.5, 3.0, 6.0, 8.0 and 10 μM as 1–6) (c) OLM (0, 1.25, 2.5, 5.0, 7.5 and 10 μM as 1–6).
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because of their binding failure to circulating proteins [15–17]. This in
fact have made the binding of drugs to the circulating proteins an im-
portant requirement during drug development [18]. Such circulating
proteins include albumin, lipoproteins, globulins, and acid glycopro-
teins. Precisely, the unbound (free) drug amount circulating in the
plasma is capable of making its way to the target tissue, which enhances
its therapeutic efficiency may minimize its unwanted adverse reactions
[19,20]. Serum albumins are not only simple expanders to the plasma
volume but more importantly represent the primary transporting pro-
teins inside the blood, they are capable of binding numerous ligands
including therapeutic agents [21]. A high impact on the pharmacolo-
gical profiles of those therapeutic agents is pertained on their binding to
serum albumin [22]. Thus, complete examination of the affinities of the
different drugs to serum albumin is a crucial element in determining
their pharmacokinetics and pharmacodynamics features. In the same
context, the current study is designed to thoroughly examine the in-
teractions of AZL, EPR and OLM to bovine serum albumin (BSA) as a
representative of the serum albumin family. Extensive survey of the
literature returned one published report on the binding of some ARBs
including EPR and OLM with human serum albumin (HSA) [4] using
docking and molecular dynamics simulation . Such study has only
considered the theoretical parameters using computer-based simulation
approaches and not systematically investigating the experimental pro-
cedure to estimate the different binding parameters. Therefore, the
present work is devoted to utilize a set of spectroscopic procedure

supplemented by molecular modelling studies to deeply explore the
affinities of such ARBs to BSA and systematically define the binding-
associated characteristics.

2. Materials and methods

2.1. Chemicals and reagents

Azilsartan (AZL), Eprosartan (EPR) and Olmesartan (OLM) re-
ference standards were purchased from MedChem Express (NJ, USA).
Bovine serum albumin (BSA) was procured from Techno Pharmchem
(Haryana, India). All other reagents and chemicals were procured from
Sigma-Aldrich Co. (St. Louis, MO, USA). The Millipore Milli-Q® UF-Plus
purification system (Millipore, MA, USA) was used to collect the needed
Ultra-pure water to carry out the study.

2.2. Sample preparation

1.0mM individual methanolic solutions of AZL, EPR and OLM were
prepared with subsequent dilution with phosphate buffered saline
pH~7.4 (1X PBS buffer) to get different working solutions of AZL, EPR
and OLM. In addition, a 1.5 µM solution of BSA was obtained by se-
quential dilution of its 15 µM solution in PBS.

Fig. 3. Fluorescence emission spectra at 298 K showing λem peaks of BSA (1.5 μM in PBS) and standards of (a) AZL (6.0 μM) (b) EPR (6.0 μM) (c) OLM (5.0 μM) along
with their respective BSA-complexes and subtracted spectra from BSA-complexes.
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2.3. Spectroscopic studies

2.3.1. Fluorescence measurements
Jasco FP-8200 (Jasco Int. Co. Ltd. Tokyo, Japan) was utilized to

assess fluorescence (emission, synchronous and three dimensional)
using 1 cm quartz cuvette. Values for the λem was set in the range of
290–500 nm succeeding the excitation at λex 280 nm and the excitation
and emission slit widths were adjusted to 5 nm for spectral examina-
tions. Standard measurements of the emission spectra of individual li-
gands alone were carried out using concentrations of 6.0, 6.0 and

5.0 μM of AZL, EPR and OLM respectively. The quenching effects of
AZL, EPR and OLM on the BSA were observed through scoring emission
and synchronous fluorescence at three different temperatures (288, 298
and 309 K). 1.5, 3.0, 6.0, 9.0 and 12 μM concentrations of AZL, 1.5, 3.0,
6.0, 8.0 and 10 μM concentrations of EPR and 1.25, 2.5, 5.0, 7.5 and
10 μM concentrations of OLM were mixed with equal volumes of 1.5 μM
BSA to determine emission and synchronous spectra. The wavelength
intervals (Δλ) were set to 15 and 60 nm to monitor the synchronous
fluorescence of AZL, EPR and OLM-BSA systems. Meanwhile, a 1.5 μM
solution of BSA was utilized to observe the 3D spectra in absence of the

Fig. 4. Plots of the data obtained from (a) AZL/BSA (b) EPR/BSA and (c) OLM/BSA systems using the Stern–Volmer relation.

Table 1
The determined parameters from the Stern-Volmer and the double-log binding relations for AZL, EPR and OLM upon their binding to BSA.

Temperature (T) (K) Stern-Volmer parameters Double-log binding parameters

KSV ×104 (Lmol−1) Kq×1013 (Lmol−1 s−1) r2 K ×104 (Lmol−1) n* r2

AZL 288 7.93 ± 0.30 2.94 0.9565 7.92 ± 0.17 0.98 ± 0.08 0.9514
298 7.90 ± 0.24 2.93 0.9610 7.78 ± 0.12 0.97 ± 0.08 0.9981
309 7.89 ± 0.33 2.89 0.9556 7.75 ± 0.15 0.95 ± 0.07 0.9910

EPR 288 1.59 ± 0.09 0.59 0.9950 1.59 ± 0.19 1.01 ± 0.09 0.9856
298 1.56 ± 0.10 0.56 0.9939 1.24 ± 0.15 0.99 ± 0.09 0.9860
309 1.52 ± 0.11 0.56 0.9929 1.06 ± 0.14 0.97 ± 0.09 0.9859

OLM 288 3.57 ± 0.32 1.32 0.9878 3.79 ± 0.07 0.99 ± 0.08 0.9902
298 3.55 ± 0.34 1.32 0.9867 3.53 ± 0.15 0.99 ± 0.07 0.9906
309 3.53 ± 0.34 1.31 0.9866 3.13 ± 0.18 0.96 ± 0.06 0.9927
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examined ligands as well as in their presence, AZL (3.0 μM), EPR
(3.0 μM) and OLM (2.5 μM). The fluorescence intensity was scanned
and recorded in the excitation and emission ranges of 210–350 nm and
240–610 nm, respectively, after adjusting the 3D experimental

parameters. Furthermore, Eq. (1) [23,24] was used to exclude the inner
filter effect

= × +Fcor F eobs Aex Aem( )/2 (1)

Where both corrected and observed fluorescence emission intensities
were expressed as Fcor and Fobs, respectively. While, Aex and Aem re-
present the analytes’ absorbance values at the excitation and emission
wavelengths, respectively.

Additionally, fluorescence emission measurements of the previously
reported BSA site markers viz. phenylbutazone (PHB) and ibuprofen
(IBP) were used to recognize the binding site(s) on the protein for each
tested ligand. Both PHB and IBP were previously crystallized with the
human serum albumin (HSA) and they bind to Sudlow sites I and II,
respectively. 1.5 μM solutions of these site markers and BSA were pre-
pared as described earlier for the tested ligands, whereas solutions of
the studied ARBs were prepared identically as for the steady state
fluorescence emission measurements. Site markers solutions were
mixed with BSA followed by titration with OLM, AZL, and EPR and
subsequently fluorescence spectra were recorded.

Fig. 5. Plots representing (a) AZL-BSA and (b) EPR-BSA and (c) OLM-BSA systems as constructed using the double-log equation.

Table 2
Summarized values of the thermodynamic parameters for AZL-BSA, EPR-BSA
and OLM-BSA.

Temp. (T) (K) ΔG◦(kJmol−1) ΔH◦ (kJmol−1) ΔS◦ (Jmol−1 K−1)

AZL 288 − 27.00 ± 0.09 − 0.74 ± 0.05 91.18 ± 0.17
298 − 27.91 ± 0.09
309 − 28.92 ± 0.10

EPR 288 − 23.06 ± 0.05 − 12.78 ± 1.19 35.72 ± 3.99
298 − 23.42 ± 0.01
309 − 23.82 ± 0.03

OLM 288 − 25.26 ± 0.07 − 6.77 ± 0.35 64.23 ± 1.19
298 − 25.91 ± 0.08
309 − 26.62 ± 0.20

All values are average of three determinations.
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2.3.2. UV–Vis studies
Steady-state studies of protein-ligand interactions are frequently

performed with the aid of Ultraviolet-visible (UV–vis) absorption
spectroscopy [25]. Conformational changes of the protein can be
monitored through UV–vis spectral examinations. UV-1800 Schi-
madzu™ double beam UV–vis spectrophotometer (Schimadzu Cor-
poration, Tokyo, Japan) was used to estimate AZL, EPR and OLM-BSA
complexes at 220–450 nm. AZL (1.5 and 3.0 μM), EPR (1.5 and 3.0 μM)
and OLM (1.25, 2.5 μM) concentrations were used to estimate ligands
alone and after their binding with fixed concentration of BSA (1.5 μM).

2.4. Molecular docking

The 3D structures of AZL, EPR and OLM, sketched using ChemDraw®

Ultra 14.0, and the 3D structure of human serum albumin complexed
with phenylbutazone (PDB code 2BXC) [26] were used to carry out
molecular simulation studies. Molecular Operating Environment soft-
ware package (MOE® 2014) was used for structure optimization and
energy minimization of the ligands as well as for pre-optimization of the
BSA structure regarding heteroatoms and water molecules removal and
addition of hydrogen atoms. London dG and GBVI/WSA dG functions
implemented in the MOE® software were utilized for scoring and re-
scoring of the orientations of the docked analytes inside the BSA
binding pocket. Based on their theoretical pKa values at the experi-
mental pH of 7.4 [27], the ionized structures of AZL, EPR and OLM

were used for the docking study to simulate the actual working solu-
tions. The docked conformations of AZL, EPR and OLM were assessed
according to their scores and root mean square deviation (RMSD) va-
lues.

3. Results and discussion

3.1. Steady-state fluorescence measurements

Spectrofluorimetric monitoring of the intrinsic fluorescence
quenching of a macromolecule induced by its binding to a certain li-
gand can provide enormous amount of information. Such quenching
can be a consequence of a dynamic process viz. molecular diffusion in
solution or a static process upon forming a complex between the drug
and the macromolecule. In both cases, temperature escalation can ei-
ther result in an enhanced or reduced binding constant in static or
dynamic quenching, respectively [28]. Hence, in this study binding of
the studied ARBs resulted in a concentration-dependent decline in the
fluorescence intensity of BSA as shown in Fig. 2b-c with no effect on
peak shape or position in case of EPR and OLM. Whilst producing a
bathochromic shift with AZL binding (Fig. 2a) which could be a result
of a conformational change in the BSA or fluorescence emitted by the
unbound AZL (Fig. 3a). Concomitantly, fluorescence spectra of the
standard EPR and OLM solutions showed negligible fluorescence re-
sponse at the investigated excitation and emission wavelengths (Fig. 3b-

Fig. 6. Plots representing the recorded UV spectra for the binding of (a) AZL (b) EPR and (c) OLM with BSA.

A.M. Alanazi et al. Journal of Luminescence 203 (2018) 616–628

621



Fig. 7. Overlaid synchronous spectra of BSA (1.5 μM) at Δλ=15 nm, upon interacting with (a) AZL (numbers 1–6 correspond to 0–35.5 μM) (b) EPR (numbers 1–6
correspond to 0–34.7 μM) (c) OLM (numbers 1–6 correspond to 0–34.7 μM) and at Δλ=60 nm for (d) AZL (e) EPR (f) OLM (at the same concentrations).

Table 3
Features of the BSA binding to the studied ARBs as obtained by 3D fluorescence.

BSA AZL-BSA EPR-BSA OLM-BSA

1st Peak 2nd Peak 1st Peak 2nd Peak 1st Peak 2nd Peak 1st Peak 2nd Peak

Peak position (λex/λem) (nm) 226/342 280/342 226/342 280/342 226/342 280/342 226/342 280/342
Relative intensity (IF) 4580.56 5463.85 2779.92 3688.72 3672.79 4330.56 2492.22 4497.71
Δλ (nm) 116 62 116 62 116 62 116 62
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c). Ensued analysis of the recorded spectral information was executed
using Stern–Volmer relation (Eq. (2)) to elaborate the binding char-
acteristics involved for the studied ARBs and BSA interactions

= + = +F F K C K τ C/ 1 1SV Q q Q0 0 (2)

=K K τ/q SV 0 (3)

Herein, F0 and F are the determined intensities of the BSA fluores-
cence in absence and presence of the drug, respectively. CQ is the drug
added concentration, KSV is the Stern–Volmer constant. Kq is the
quenching rate constant, which can be estimated using Eq. (3) and
utilizing the value for τ0 (mean protein lifetime with no quencher) re-
ported in the literature as ~ 2.7× 10−9 s−1 [28]. Moreover, the
temperature effect was monitored via repeated steady state fluores-
cence measurements at the temperatures of 288, 298 and 309 K. The
observed results revealed a decrease in the Stern Volmer constant,
which is in good agreement with a formation of a steady state non-
fluorescent complex. Fig. 4a-c represent the plotted data at the different
temperatures using the Stern–Volmer relation for the three studied
systems for AZL, EPR and OLM. These plots show linear fitting of the
data, which indicates static binding of the drugs to the protein. Based
on the fitting results of such plots, values of Ksv and Kq were calculated
for AZL, EPR and OLM as reported in Table 1. In view of the results
listed in Table 1, those Kq values are in the 1013 magnitude that is
higher compared to the earlier reported 2× 1010 LM−1 s−1 [29] for
some quenchers with a biopolymer signifying formation of steady state
complexes between BSA and AZL, EPR and OLM [30].

Further spectral analysis of the steady state fluorescence via the
double-log equation (Eq. (4)) was performed to explore the equilibrium
amongst bound and unbound molecules [31,32]. Subsequent plot of
logCQ versus log(F0−F)/F (Fig. 5) was constructed at the different

concentrations and a linear fit was generated, which enabled the eva-
luation of K the binding constant and n the number of binding sites as
summarized in Table 1. Consistently, such results showed the same
degree of temperature dependence as the Stern-Volmer plotted data,
which is also suggestive of a complex formation between those ARBs
and BSA with each drug strongly bound to one binding site on the BSA.

⎛
⎝

− ⎞
⎠

= +F F
F

K n Clog log log Q
0

(4)

Subsequent exploration of the binding mechanism and forces in-
volved in the interactions of AZL, EPR and OLM with BSA was per-
formed via the determination of the thermodynamic parameters e.g.
free energy (ΔG◦), entropy (ΔS◦) enthalpy (ΔH◦) of such interactions.
Those parameters were calculated from the obtained K values (Table 1)
which was used in Eqs. (5) and (6) along with the gas constant R and
the temperature T (Kelvins). Hence, constructing plots of ln K vs. 1/T
followed by linear fitting can result in computing values of the ther-
modynamics parameters (Table 2). Succeeding the estimation of such
thermodynamics parameters, the binding forces involved in the for-
mation of a ligand-macromolecule complex can be determined [33–35].
Numerous earlier reports have suggested that hydrophobic binding
yields positive values of both ΔS◦ and ΔH◦, while the opposite is true
for hydrogen bonding and/or van der Waals forces and finally, a ne-
gative (nearly zero) ΔH◦ with a positive ΔS◦ values reveals electrostatic
forces [33–35].

∆ = − = ∆ − ∆° ° °G RTlnK H T S. (5)

= − ∆ + ∆° °
K H

RT
S
R

ln (6)

Accordingly, the values summarized in Table 2 hypothesize the

Fig. 8. 3D fluorescence of the protein (BSA) (1.5 μM) in its (a) unbound state, and when bound to (b) AZL (3.0 μΜ) (c) EPR (3.0 μΜ) (d) OLM (2.5 μΜ).
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occurrence of spontaneous interactions between AZL/EPR/OLM and
BSA that is possibly led by electrostatic forces with the contribution of
hydrogen bonding.

3.2. UV–vis spectrophotometric measurements

Observation of UV–vis spectra obtained for each ARB and BSA and
their complexes (Fig. 6a-c) was executed in order to confirm complex
formation and to gain further knowledge into the effect of such binding
on the protein structure. Hence, it was found that static complexes were
formed among the studied ARBs and BSA. Additionally, spectral sub-
traction of individual drugs from their complex recorded spectra

unveiled noticeable changes in the peak shape and position of the BSA
spectrum, which in turn enforces the formation of a static complex that
affected the protein conformation.

3.3. Measurements of synchronous and 3D fluorescence

Initial description of the synchronous fluorescence was reported by
Lloyd in the early 70s [36], that later provided a facile confirmatory
procedure to monitor the fluorescence quenching induced by protein-
ligand binding and the possible shift of the maximum λem with regard
to the polarity alterations adjacent to a fluorophore. Experimentally,
setting the Δλ in the synchronous fluorescence measurements

Fig. 9. Plots constructed from the Stern-Volmer and double-log relations for (a,d) AZL (b,e) EPR and (c,f) OLM interacrtions with the BSA bound to PHB and IBP.
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parameters at 15 nm or 60 nm, demonstrates the changes in polarity
around the tyrosine (Tyr.) or tryptophan (Trp.) residues, respectively,
in the structure of the studied protein [37,38]. The results obtained
from such procedure may only show a decrease in the intensity of the
fluorescence peak with no wavelength change, which in turn signifies
stable non-disrupted microenvironment around the amino residue of
concern. Alternatively, results may demonstrate a red shift or blue shift
in the fluorescence emission wavelength which corresponds to an in-
creased hydrophilicity or hydrophobicity, respectively surrounding
such fluorophore [39,40]. In the same context, it was observed herein
in Fig. 7a-f that succeeding their interactions with BSA, intrinsic
fluorescence of the protein has been steadily reduced in a concentration
dependent manner. Furthermore, no changes in the wavelength or peak
shape were detected apart from an observed red shift in the interaction
AZL with BSA when measuring at Δλ 60 nm (signifying Trp.) (Fig. 7d)
which is consistent with the previous results from steady state fluor-
escence (Figs. 2a and 3a). The later observation may suggest a slight
change in the microenvironment adjacent to the Trp. residues of the
BSA leading to a less hydrophobic microenvironment.

Additionally, spectral recording of the BSA 3D fluorescence in its
free unbound as well as bound states to the studied ARBs was executed
with the determination of the different 3D parameters summarized in
Table 3. Contour plots of the 3D fluorescence (Fig. 8a-d) disclose 2
fluorescence maxima of the protein at λex/λem of 226/342 and 280/342
which were previously reported to signify the n→π * transition of the
polypeptide backbone (at 226/342) and the Trp. and Tyr. residues (at
280/342) [21,41]. The two peaks have displayed decline in the fluor-
escence intensity induced by the binding to the studied ARBs without
any observable peak shift.

3.4. Site markers competitive binding

Serum albumins are mainly constructed of three domains numbered
as I, II and III with each of them features two subdomains A and B with
common conformational components. BSA is privileged with two
principal binding sites at which numerous ligands have been previously
reported to bind, those sites are best known as Sudlow sites I and II
located in subdomains IIA and IIIA, respectively [42,43]. The latter fact
along with crystallization studies of various ligands showing their
binding to such sites, have motivated the use of these ligands as site
markers providing a straightforward protocol to explore the involved
binding regions in the diverse ligand interactions. Herein in the present
study phenylbutazone (PHB) and ibuprofen (IBP) were employed to
label sites I and II of the BSA, respectively [44–46]. Intensity of the
fluorescence emission was observed and interpreted using Stern-Volmer
(Eq. (2)) and the double-log (Eq. (5)) relations and plots were generated
for AZL, EPR and OLM interactions with BSA-PHB and BSA-IBP systems
(Fig. 9a-g). Table 4 features the important parameters derived from
those binding displacement studies, from which it can be observed that
AZL , EPR and OLM have shown significant tendency towards binding
Sudlow site I. This in fact was evident from the decline in both Ksv and K
numbers as from their control (no markers) values, whilst maintaining
the same values as the control in case of IBP.

3.5. Molecular docking

Subsequent computer-based docking studies were conducted to ul-
timately complete the picture for the AZL, EPR and OLM binding to
BSA. It was then consistently determined that all the three ligands bind
to site I of the BSA. Grading and ranking of the AZL, EPR and OLM
conformers binding to the different binding regions of the BSA were
accomplished utilizing the London dG and GBVI/WSA dG features in
the MOE® software. The optimal AZL, EPR and OLM bound poses to BSA
possessing the lowest ΔG values were selected (Fig. 10a-k) with those
binding energies as well as other docking variables and the involved
amino acid residues are all summarized in Table 5Ta
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4. Conclusions

In this reported study, the interactions taking place between AZL,
EPR and OLM and BSA have been characterized using spectroscopic
approaches complemented with molecular docking analysis.
Fluorescence quenching of the BSA was observed upon the addition of
the studied ligands. Analysis of ultraviolet spectroscopic measurements
presented another proof of static formation of complexes between the

studied ARBs and BSA. It clearly verified such static binding by the
increase in the absorption peak intensity of the complexes along with
the change in the protein UV-spectrum following the subtraction of the
ligand UV-spectrum from the complex. Synchronous fluorescence
spectroscopy showed a red shift in the fluorescence emission peak at Δλ
60 nm only in the case of AZL binding to BSA, which may infer an
alteration of the microenvironment around the tryptophan residues in
the BSA or may be due to the fluorescence emission of the unbound AZL

Fig. 10. Graphical illustrations demonstrating the 2D and 3D docked poses for the ionized structures of (a-c) AZL (d-f) EPR (g-i) OLM in site I, figures also showing
the superimposed ligands with phenylbutazone (the ligand of HSA in PDB: 2BXC).
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. Three-dimensional fluorescence measurements displayed two fluor-
escence emission peaks for BSA at λex/λem of 226/342 nm and 280/
342 nm with both peaks quenched with the binding of the studies ARBs.
Furthermore, results obtained from competitive binding studies and
molecular docking unveiled the binding of AZL, EPR and OLM to
Sudlow site I of the BSA.
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