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Abstract: Numerous complexes have been synthesized and characterized as the result of the ongoing
search for novel molecules with potent therapeutic properties. These compounds have been shown to
have potential applications as pharmacological agents due to their antibacterial, antiviral, antifungal,
anticancer, and antineoplastic properties. The study of the coordination compound’s affinity for this
family of proteins as well as a knowledge of the mechanism by which they interact is essential due to
the significant role that serum albumin plays in the pharmacokinetics and pharmacodynamics of
medications. This review will concentrate on the composition of Schiff base, Schiff base metal
complexes, various drug derivatives, nanoparticles, quinoline derivatives, and imidazolium-based salt
derivatives that can bind to bovine serum albumin (BSA), its structural and biological rules, as well as
various experimental techniques like UV-Vis absorption, Fluorescence, Dynamic light scattering
(DLYS), Circular dichroism (CD) and computational methods like molecular docking studies are used to
investigate and assess these interactions.

Keywords: BSA interaction; coordination complex; fluorescence spectroscopy; UV-Vis absorption
spectroscopy; molecular docking study.
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1. Introduction

Albumin is a single polypeptide produced in the liver. It has the most prevalent soluble
extracellular protein of the circulatory system, which makes up 60% of all the serum in
mammals and is crucial for controlling blood pressure and pH [1]. The most normally
employed protein models in biophysical and biochemical research in recent years are BSA and
HSA, which share 76% of their similarity [2]. BSA has 582 amino acid residues, 20 tyrosyl
residues (Tyr), and two tryptophan residues (Try), which are situated in positions 134 (sub-
domain IA) and 212 (sub-domain I1A), according to the analysis of the crystal structure [3].
Compared to other extracellular proteins, serum albumin's basic structure is unique. One
cysteine group (Cys-34) and a little tryptophan are present in serum albumin. According to X-
ray crystallography examinations [4,5], the secondary structure has 17 disulfide bridges, 9
loops, and nearly 67% helix, leading to a heart-shaped 3D structure [6]. The three domains I,
I1, and 111 that make up the tertiary structure are separated into two subdomains, A and B, for
each domain. It can be characterized as a particularly flexible protein that adapts to changes in
its external environment and the binding of ligands. Despite this, albumin has a strong structure
that can instantly restore shape according to the disulfide bridges, which is incredibly beneficial
https://biointerfaceresearch.com/ 1 of 30
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in physiological situations. Since serum albumin is the most prevalent protein in blood plasma
and typically has a concentration of 50 g/L, it has received the most research attention. Human
serum albumin (HSA), bovine serum albumin (BSA), rat serum albumin (RSA), and equine
serum (ESA) are some of the albumins that are most frequently researched. It has been
discovered that serum albumins are crucial for several biological processes, including a) the
maintenance of colloid osmotic pressure (COP): albumin is responsible for 75-80% of the
blood’s osmotic pressure. It is the primary protein in the interstitial fluid and the plasma. It
describes the fluid flow inside and outside the capillaries [7]; (b) binding and transport,
particularly of drugs: By attaching to it, albumin facilitates the delivery of medicines and
ligands and lowers serum levels accumulating these components. Albumin has specifically four
binding sites with distinct degrees of selectivity for various compounds. Competitive drug
binding is possible, causing conformational modifications at the same site or distinct regions,
such as warfarin and valium. They can therefore be regarded as carriers for a variety of
exogenous and endogenous substances [4,5]; (c) Free radical scavenging: Sulfhydryl groups,
or "thiols," are found primarily in albumin, and they scavenge free radicals (species of nitrogen
and oxygen) [7]. (d) Acid-base balance: A protein with a high concentration of negative charge
called albumin can be found in plasma. This strongly influences what is known as the "anion
gap": Anions' and cations' concentrations in plasma should be equal. Albumin provides most
of the remaining anions inorganic phosphate and hemoglobin [7]; (e) Effects on vascular
permeability: When subjected to stress, aloumin helps prevent capillary bed leakage due to a
rise in the permeability of the capillaries. This pertains to endothelial cells' ability to manage
the gaps between their walls and their permeability. Albumin could block because of its
negative charge where the gap has diverting effect. Due to this, colloids are useful for
preserving vascular architecture [7]. So to develop therapeutic applications and biomedical
applications like antimicrobial [8-11], antibacterial [12-14], anticancer [15-17], and antioxidant
[18-22] activities against human cells, it is crucial to study the interaction of BSA with other
compounds.[23-25]

1.1. Structure of Bovine Serum Albumin (BSA).

The primary structure of BSA was speculated to consist of 585 residues, including
amino acids. The bridges produce nine loops as a result of the sequence’s 17 disulfide bonds.
BSA is comparable to HSA in that it has 8 pairs of disulfide bonds and 1 cysteine [26], along
with the four amino acid residues that have been eventually identified as belonging to the
sequence Gly-Phe-GIn-Asn. BSA also includes significant amounts of Asp, Glu, Ala, Leu, and
Lys [27]. The structural characteristics of BSA support the three homologous domains that
make up the amino acid sequence [27,28]. According to circular dichroism measurements, the
relative amounts of the BSA secondary structures a-helix, $-sheet, turn, and random coil are
48.7%, 0%, 10.9%, and 30.7%, respectively [27-35]. It has been proposed that the a-helices in
the secondary structure of BSA are consistently distributed in the subdomains and the linkages
between the domains. While the intra-domain hinge portions primarily have a non-helical
structure, most residues in the long loops (apart from at the end) and the sections connecting
the domains may form helices. The structure's fundamental building blocks are the subdomain's
three lengthy helices. These connect to each other. These run parallel, and a trough is produced
because the central helix (Y) is placed a little lower than usual. The spiral disulfide bridges
serve as the principal connecting processes [36-44].
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Figure 1. A BSA model structure based on the HSA Xray crystal structure found in the Protein Data Bank
(PDB ID: 1UOR) is depicted using two side-on 3D graphics [4].

According to the suggested domains and subdomains found in the BSA, the 3D visual
structure (Figure 1) agrees. It demonstrates the existence of two tryptophan residues, which
serve as the primary catalyst for the intrinsic fluorescence of BSA [31].

2. Results and Discussion

Numerous active compounds are known to be involved in the recognition of proteins.
We discuss numerous examples of Schiff base and its metal complexes, drug derivatives,
nanoparticles, quinoline derivatives, and imidazolium-based salt derivatives.

2.1. Schiff base and its metal complexes interaction with BSA.

The C=N group containing Schiff base compounds show numerous biological and
environmental application like antifungal, antiviral, and anticancer properties [45-47]. These
Schiff bases play an essential role not only in medical and pharmaceutical industries but also
in enzymatic reactions involving the interaction of the amino group of an enzyme, usually that
of a lysine residue. Schiff base possesses heterocyclic rings with nitrogen, oxygen, and sulfur
atom, which gives various activities like antibacterial, antimalarial, anti-inflammatory, and
antipyretic [48]. Schiff base metal complexes have been employed in various applications,
including catalysis, optics, electronics, antibacterial, antifungal, antiviral, anti-inflammatory,
antioxidant, and anticancer [49-55]. The biological activity of metal was enhanced by Schiff
base ligands interacting with metal ions based on co-ordination chemistry, but the importance
of metal ions in medicine is substantial. Depending on reactivity and setup, the functional group
of Schiff base and drug delivery action shows some beneficial role [56-57]. Due to their various
spectral, molecular, and electrochemical properties, transition metal complexes have been
researched as potential medications. Ping et al. synthesized a novel Schiff base 1 (Figure 2)
and examined its interaction with BSA using various spectroscopic techniques [58]. From the
fluorescence titration, the fluorescence peak of BSA was quenched at 354 nm due to the static
mechanism. The stability of the BSA-1 complex was stabilized by hydrophobic forces and
hydrogen bonds. The stable complex was also confirmed by Vent-Hoff parameters. The
negative values of thermodynamic parameters (AH and A S) indicated stable interaction within
the complex. The binding constant was calculated and found to be 2.169x105 M,
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Figure 2. Schiff base derivatives (1-15) as active binders of BSA.

Padalkar et al. designed and synthesized a series of novel Schiff base complexes 2a-e
(Figure 2) [59]. These were further characterized by using various spectroscopic analyses. The
UV-Vis absorption and emission spectra were recorded in the presence of DMSO, and it was
observed that compounds 2a-e showed similar behaviors. The binding of all fluorophores with
BSA depends upon conjugation and varying concentration. The fluorescence progressively
declined upon conjugation and stabilized at a specific fluorophore concentration. The steady
line in the graph suggested stability. It was observed that the carboxylic groups of the above
derivatives attach to those of protein. A series of novel copper-containing Schiff base
derivatives 3a-b (Figure 2) were designed and synthesized by Andrezalova et al. [60]. VVarious
spectral analyses are used to characterize the interaction and binding properties. The absorption
peaks obtained from UV-Vis spectra are in the region of 300-420nm. In fluorescence
spectroscopy, the emission peak at 280 nm was seen to be quenched. The dynamic quenching
was observed due to rapid hydrogen bonding. The calculated binding constants for complex 3a
and 3b were 2.74x105 and 2.54x106, respectively. Further applications of the 3a and 3b
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complexes were made against cancer cells. Bozkurt et al. designed and synthesized a novel
pyrazoline-based Schiff base derivative 4 (Figure 2) and examined its binding properties
through different spectroscopic analyses [61]. The interaction between BSA and 4 was
analyzed through UV-vis absorption and fluorescence spectral analysis. In tris-HCI buffer,
BSA displayed a weak absorption peak at 275 nm. The addition of 4 to BSA resulted in a new
peak at 365 nm. The quenched fluorescence at 280 nm was observed due to static quenching.
The binding process was observed to be spontaneous. The binding constants were calculated
at different temperatures like 288K, 298K, 308K, and 318K, and were found to be 1.29x103,
0.91x103, 0.56x103 and 0.19x103 M, respectively. Liu et al. synthesized a series of novel
rimantadine-based Schiff base complexes 5a-c (Figure 2) and examined their binding behavior
towards BSA through various spectral analyses [62]. The interaction with BSA was discovered
to be hydrophobic. The addition of 5a-c to BSA, resulted in a static quenching in the
fluorescence peak. However, when compounds 5a and 5b were added to BSA, the blue peak
shifted to 337nm, and when compound 5c¢ was added, the blue-shifted to 336 nm. It indicated
the 5¢c-BSA complex’s stable binding, with a binding constant of 16.029x104 M. A series of
anthracene-based Schiff base complexes 6a-c (Figure 2) were designed and synthesized by
Densil et al. to investigate its binding interaction with BSA through several spectral techniques
[63]. The fluorescence spectra of compounds 6a-c showed an emission peak in the range of
430-460 nm. The addition of 6a-c to BSA in buffer solution resulted in a continuous increase
in fluorescence peak with redshift from 464 to 479 nm. The morphology of aggregation was
also studied through SEM analysis. Due to the intense hydrogen bonds and hydrophobic
interactions with BSA, the absorption intensity of 6a-c was blue-shifted. The calculation
revealed that the binding constants for 6a-c were 1.8x105, 5.4 x107, and 6.0x106 M?,
respectively. The complexes of BSA-6a-c were applied for the cell imaging study. In order to
analyze the binding behavior with BSA, Prashanth et al. designed and synthesized a series of
novel benzamide-based Schiff base derivatives 7a-g (Figure 2) and characterized them through
various spectral analyses [64]. BSA in buffer solution displayed quenched fluorescence at 340
nm in the presence of all the compounds 7a-g due to static quenching. The emission peak was
red-shifted for 7b, 7e, and 7g and blue-shifted for 7a, 7d, and 7f. It attributed the suppression
of polarity around tryptophan residue, which further increased hydrophobicity. Due to different
molecular sizes and polarity, the binding constant of the 7g-BSA complex is high, among
others. The binding constants are estimated and found to be 1.09x104, 2.59x104, 0.79x%105,
1.57x105, 5.26x105 and 6.38x105 M, respectively. Complex 7a, 7c, 7d, and 7e showed good
antibacterial activities, while the 7a, 7d, and 7e exhibited good antifungal activities, and 7f and
79 displayed better antioxidant properties. Srinivasan et al. reported two novels pyrene-based
Schiff base derivatives, 8a-b (Figure 2), and were being examined through various
spectroscopic techniques to study their interaction with BSA [65]. The peak in the fluorescence
spectra of BSA showed a static decline with increasing concentrations of 8a-b. It indicates the
significant interaction within the Schiff base-BSA complexes. The binding constants were
calculated and found to be 3.81x105 and 4.53x105 M, respectively, for 8a and 8b. It was also
established through molecular docking study that the amino acids of BSA and pyrene
derivatives have created hydrophobic interactions. Also, some antibacterial and antimicrobial
activities were examined. Sengottiyan et al. synthesized two novels pyrene-based Schiff base
complexes 9a-b (Figure 2), and their binding properties were studied through different
spectroscopic techniques [66]. The binding interaction was strong and was observed to be
static. The binding constant of 9a-b complexes was evaluated and found to be 7.39x105 and
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7.81x105 M1, respectively. The hydrophobic interactions and hydrogen bonds played an
essential role in forming stable complexes between pyrene derivatives and BSA. The stable
binding interaction was further confirmed from molecular docking analysis at physiological
pH=7.1. Although complex 9b experienced a more dominant interaction than complex 9a due
to a higher binding affinity and a lower binding energy value. Due to dynamic interaction, the
quenched fluorescence was observed for both 9a and 9b. Niu et al. reported a series of new
amantadine Schiff base complexes 10a-c (Figure 2) and used many spectroscopic techniques
to analyze their interaction with BSA. BSA IN the Tris-HCI buffer displayed an emission peak
at 340 nm due to intrinsic fluorescence [67]. Adding 10a-c to BSA in the buffer resulted in a
quenched fluorescence due to static and dynamic interaction. The binding constant was
observed to be high in 10b with BSA among the others and found to be 29.833x104 M. A
series of unique Schiff base metal complexes 11a-c (Figure 2) were designed and synthesized
by Gurusamy et al. to examine their binding capabilities with BSA in buffer solution [68]. The
UV-visible, fluorescence, and molecular docking studies showed that all the complexes showed
a stronger affinity towards DNA, BSA, and HSA. The absorption band at 415 nm 445 nm
increased with the addition of 11a and 11c; however, when 11b was added to the BSA, the
absorption band shrank, and a new bond with two distinct isosbestic points at 355 nm, 344 nm,
and 374 nm respectively. On the other hand, the fluorescence emission was reduced when all
the complexes were added to the BSA. The binding constants were calculated and found to be
1.19 x 104, 1.44 x 104, and 7.66 x 103 M, respectively. All the metal complexes showed
excellent antibacterial and antioxidant activity against bacteria. Four new bivalent nickel-
derived Schiff base complexes 12a-d (Figure 2) were developed and reported by Sathyadevi et
al. [69]. The compounds 12a-d were further characterized by various spectral approaches to
analyze their interaction with BSA. The absorption spectra were seen in the range of 200-470
nm, but due to mechanisms involving ligand-to-metal charge transfer (LMCT) and metal-to-
ligand charge transfer (MLCT), the strong absorption band was produced between 250 and 300
nm. The fluorescence emission intensity dropped statically with a hypsochromic shift of 2 nm
after adding 12a-d. It indicates the aggregation of BSA with Ni complexes. The antioxidant
and cytotoxicity properties of these complexes were studied as potential therapeutic targets. A
series of novel Schiff base-zinc complexes 13a-d (Figure 2) was devised by Balakrishnan et
al., and their binding behavior with BSA was investigated using various spectrophotometric
techniques [70]. The quenched fluorescence at 345 nm was observed in fluorescence spectra.
When complexes 13a-d were added, the peak was significantly decreased and redshifted to
demonstrate the BSA’s functional interaction. It was analyzed that complex 13d interacts with
BSA more strongly than the other complexes due to its high binding constant of 1.592x106 M-
1. The addition of 13a-d to the BSA caused a conformational change in the environment of
BSA, i.e., ared shift of the emission peak in fluorescence spectra was detected due to the static
mode of quenching. The molecular docking analysis confirmed the complex's hydrogen
bonding and hydrophobic interactions. The synthesized 13d complex of zinc showed tumor
selectivity for the A549 cancer cell with a lower 150 value in cytotoxicity experiments.Two
novel ternary copper (I) Schiff base complexes 14a and 14b (Figure 2) were demonstrated by
Dezhampanabh et al. to be active binders of BSA in the buffer [71]. The quenched fluorescence
peak of BSA was observed upon adding 14a and 14b due to the static quenching mood. The
change in spectral behavior signified the stable complexation. Docking studies confirmed that
both 14a and 14b aggregates with the tryptophan moiety of BSA through hydrogen and van der
Waals forces stabilize the complex formations. All spectroscopic studies showed that the
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complex 14b has a stronger binding affinity than 14a, which was beneficial in medical
applications. The novel metal complexes of Schiff base 15 (Figure 2) were devised by
Keshavarzian et al. [72]. The interaction of metal complexes with BSA was studied through
various spectroscopic tools. Both fluorescence emission and UV-vis absorption spectral
analysis suggested that the interaction of both metal complexes of 15 with BSA involves a
static quenching process. From the molecular docking studies, it was found that both the metal
complexes interact hydrophobically with BSA. Co (l11) complexes are significantly less
capable of binding than Ni (I1) complexes. Ni (I1I) complex displayed active anticancer and

antibacterial properties.

Table 1. Selective parameters of Schiff base derivatives as active binders of BSA.

Receptor Solvent Binding Constant (M) Mechanism Application Reference
1 Phosphate 2.169x10° Static Quenching Insight into [58]
buffer solution physiological study of
(PBS) BSA.
2 Phosphate Static Quenching [59]
buffer solution
(PBS)
3 Phosphate 2.74x10, 2.54x108 Dynamic Anti-cancer activities [60]
buffer solution quenching
(PBS)
4 Tris HCI 0.91x103 Static Quenching Vitro model study [61]
Buffer
5 Tris HCI-NaCl 3.251x10* Static Quenching [62]
Buffer 2.749%10*
16.029x104
6 Phosphate 1.8x10°, Hydrophobic Cell imaging [63]
buffer solution 5.4 x10" Interaction
(PBS) 6.0x10°
7 Tris HCI 1.09%x10%, 2.59%10%, Static Quenching | Anti-oxidant activities, [64]
Buffer 0.79x10°%, 1.57x105, Anti-microbial
5.26x10°, 6.38x10° activities
8 Phosphate 3.81x10° Static Quenching | Anti-bacterial activities [65]
buffer solution 4.53x10°
(PBS)
9 Phosphate 7.39x10° Dynamic Anti-biotic activities [66]
buffer solution 7.81x10° quenching
(PBS)
10 Tris HCI 7.26 x10° Static and Toxic study [67]
Buffer 7.64x103 Dynamic
9.75x10° quenching
11 Phosphate 1.19 x 104 Static Quenching | Anti-oxidant and Anti- [68]
buffer solution 1.44 x 104 bacterial activities
(PBS) 7.66 x 10°
12 Phosphate 5.670x10° Static and Anti-oxidant and [69]
buffer solution 8.300x10° Dynamic Cytotoxicity activities
(PBS) 1.221x108 quenching
1.086x107
13 Phosphate 1.898x 10* Static Quenching In vitro cytotoxicity [70]
buffer solution 7.720x10° and Anti-cancer
(PBS) 8.302x10° studies
1.592x10°
14 Phosphate 0.67x10° Static Quenching Drug design and [71]
buffer solution 2.02x10° Medical
(PBS) communication
15 Tris HCI 7.5 x 102 Static Quenching Antibacterial and [72]
Buffer 1.0 x 108 anticancer study

2.2. Interaction of drugs with BSA.

The association between coordination compounds and plasma proteins has been defined
by studies on pharmaceutical design and pharmacology [73]. Drug interactions at the protein
binding level would significantly impact the apparent drug distribution volume and the drug
https://biointerfaceresearch.com/
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clearance rate. Therefore, understanding how pharmaceuticals are carried and dispersed
throughout the body as well as revealing their modes of action and pharmacological dynamics,
required research into the interactions between medications and serum albumins [74-76] On
this aspect, a newly discovered triazolobenzenediazepine drug 16 (Figure 3) that acts as a
sedative and hypnotic agent was reported by Zhang et al. and characterize its binding features
with BSA using various spectroscopic analysis [77]. When the drug derivative 16 was
combined with BSA in a buffer solution, the fluorescence emission peak was statically
quenched. It confirms the complex formation with BSA. On the other hand, adding 16 to the
BSA also resulted in a red shift in the absorption band at 206 nm. The binding affinity of the
16-BSA complex was stabilized due to the hydrophobic interaction. Further, the complex was
applied in various pharmacological applications due to its unique binding property.
N
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Figure 3. Various drugs (16-27) as active binders of BSA.

Sun et al. discovered a series of novel coccidiosis 17a-b (Figure 3) and described their
binding interaction with BSA through several spectral techniques and molecular docking
studies [78]. From the fluorescence titration, a static quenching of the peak was obtained to
gather information about the stability of the BSA-17 complex. Thermodynamic and
electrostatic forces are the main cause of binding. Due to red-shift, the static quenching in the
fluorescence peak was observed at 306 for 17a and 304 for 17b. The molecular docking analysis
confirmed the hydrophobic interactions with BSA. The complexes have a wide range of
pharmacological and physiological effects based on their interaction with BSA. Khatun et al.
reported a novel drug 18 (Figure 3) and studied its properties and binding ability with BSA
using different spectroscopic instruments and molecular docking studies [79]. The observed
static quenching mechanism in fluorescence titration points to the development a complex
between 18 and BSA, which has a binding constant of 2.19x104 M. The emission peak at
344nm was gradually dropped with an increasing concentration of 18. The interaction
occurring at site | (subdomain 1l A) was van der Waals forces of interaction, shown through
molecular docking studies. The 18-BSA complex exhibited various pharmacological
properties, including antioxidant, anticarcinogenic, antifungal, and anti-inflammatory
activities. Shiraz et al. devised an anticancer drug 19 (Figure 3) and investigated its interaction
ability through molecular docking analysis and binding properties through various
spectroscopic techniques [80]. According to the thermodynamic parameter analysis, Vander
Waal and hydrogen bonding interactions were the primary binding forces. Fluorescence
titration resulted in a static quenching of a peak at 345 nm when the concentration of 19 was
increased. It indicates the formation of a stable complex with a binding constant of 3.99x104
M. The molecular docking studies demonstrated that compound 19 alters the polarity and
surrounding space of the protein to attach to it. With fewer adverse effects, the aforementioned
compound was more effective against a select form of cancer. A series of novel compounds
20a-b (Figure 3) were reported by Nafisi et al., and their binding interaction was studied using
a variety of spectroscopic techniques [81]. Upon increased concentration, the UV-vis
absorption peaks of BSA were obtained at 255nm for 20a and 273nm for 20b. Both compounds
interact hydrophilically with BSA and contain polar amino groups. The binding constants were
calculated and found to be 1.57x104 M and 1.15x104 M for 20a and 20b, respectively.
These compounds have inherent antioxidant and anti-inflammatory properties. Probe 21
(Figure 3) was devised by Wani et al., characterized its properties through various
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spectroscopic instruments, and studied its binding ability by molecular docking analysis [82].
From fluorescence titration, the emission peak of BSA was observed at 350nm, and it statically
decreased with an increasing concentration of 21. It attributed the formation of a complex with
a binding constant of 8.1x104 M-1. Vander Waals and hydrogen bonding at site | (subdomain
I1) of BSA were responsible for the stability of that complex. The complex was further applied
for anti-cancer drugs study and human breast cancer treatment. With the use of molecular
docking studies and other spectroscopic analyses, Chaves et al. described the binding
interaction of BSA with a novel drug 22 (Figure 3) [83]. The interaction between BSA and 22
was mainly lipophilic, attributed to the negative value of thermodynamic parameters. The
quenched fluorescence emission was observed at 340 nm in fluorescence titration analysis. The
molecular docking studies showed that Trp- 213 was the major binding site where lipophilic
and hydrogen bonding interactions occurred. These drugs showed important biological
activities like antitumor, cytotoxicity, antiviral, and antimicrobial. Patel et al. reported a novel
drug, 23 (Figure 3), and investigated its comparative effect on BSA through various spectral
techniques and molecular analysis [84]. The absorption spectrum of BSA was observed at 279
nm. The regular decrease in the intensity of absorption peak upon adding 23 indicates the
formation of the complex. The quenched fluorescence at 345 nm was observed due to the static
mode of quenching. According to molecular docking studies, it was found that the interaction
was Vander Waals and electrostatic forces of interaction. The binding constant was calculated
and found to be 2.78x104 M-1. In addition to being used in pharmaceutical applications, the
binding mechanism helps in comparative research of antihistamine drugs. In order to
comprehend the binding sites of BSA with the drug, Tiana et al. reported a novel drug 24.
(Figure 3) [85]. The quenched fluorescence of BSA was observed due to the static quenching
mechanism. It indicates the effective 25 and BSA. The hypochromic shift in the absorption
spectrum and molecular docking studies confirmed the hydrophobic interaction at site Il of
BSA. Xu et al. reported a new drug 25 (Figure 3) and examined its protein interactions using
various spectroscopic techniques [86]. The absorption peak of BSA was observed at 220 nm,
and upon adding 25, a slight redshift of about 2 nm was observed. The quenched fluorescence
of BSA at 340 nm was observed in the presence of 25 due to static quenching mode. It confirms
the interaction of BSA with 25. The hydrophobic and electrostatic forces were responsible for
the stability of the complex. Thermodynamic, temperature-dependent parameters estimated the
binding forces to be hydrophobic and electrostatic forces to stabilize the BSA-25 complex.
Drug-protein interactions that lead to antiproliferative effects in tumor cells have an impact on
the pharmacological effects of drugs. A novel drug 26 (Figure 3) was discovered by Siddiqui
et al., and their characteristics were observed using several spectroscopic tools [87]. A
quenching in the fluorescence emission peak of BSA was observed at 340 nm, and the
absorption intensity was seen to be enhanced at 278 nm in the presence of 26. The change in
spectral behavior has been attributed to forming of the BSA-26 complex. According to
thermodynamic and computational analysis, the main forces that caused stable complexation
were hydrogen, hydrophobic, and van der Waals forces. It was further validated through
molecular docking analysis also. These binding ability investigations offered some
pharmacological activities, such as asthma therapy. Gu et al. reported a novel drug 27 (Figure
3) that reduces hyperlipidemia and studied its binding interaction using several spectroscopic
techniques [88]. The emission peak of BSA in buffer solution was found to be at 345 nm, and
as the concentration of 27 was increased, a quenching in the peak was observed, showing the
interaction between 27 and BSA. From the UV-vis titration analysis, the red shift in the
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absorption band at 210 nm was observed due to the formation of the complex. According to
molecular docking analysis, the hydrophobic cavity of BSA forms hydrophobic bonds with 27
with a binding constant of 2.19x103 M. Thermodynamic parameters demonstrated that
hydrophobic interactions drove spontaneous binding interactions. To treat the target organs,
the metabolic potential of 27 was studied.

Table 2. Selective parameters of various drugs as an active binder of BSA.

Receptor Solvent Binding Mechanism Application Reference
Constant (M?)
Tris-HCI buffer 4.977x10° Static quenching Pharmaceutical [77]
16 application
Tris-HCI buffer 1.386x10* Static quenching Pharmacological and [78]
17 0.871x10* Physiological
Sodium 2.19x10* Static or Dynamic | Pharmacological and [79]
18 Phosphate Quenching Medicinal fields
buffer
Tris-HCI buffer 3x108 Static quenching Anticancer activity [80]
19
Tris buffer 1.57x104 Static or Dynamic Vitro analysis [81]
20 1.15x10% Quenching
Phosphate 8.1x10* Static quenching Breast cancer [82]
21 buffer
PBS buffer 4.89x10* Static or Dynamic [83]
22 Quenching
Tris buffer 2.18x10* Static quenching Anti-amyloidogenic [84]
23 (Hydrophobic activity
interaction)
Tris-HCI buffer 2.290x10° Static quenching [85]
24 (Hydrophobic
interaction)
PBS buffer 1.679x108 Static quenching [86]
25 (Hydrophobic
interaction)
Tris buffer 5.067x103 Static quenching In vitro and in silico [87]
26 approach
Tris buffer 2.19x10° Dynamic Therapeutic drugs [88]
27 solution quenching

2.3. Interaction of BSA with nanoparticles.

Nanoparticles of various sizes, morphologies, and surface chemistries have been
developed due to developments in engineering, materials science, and nanotechnology [89].
The <100 nm nanoparticles have special size-dependent optical features, including enhanced
photochemical stability, high quantum vyield, broadband excitation, tunable emission
wavelength, and symmetrical emission spectra [90-91]. For both in vivo and in vitro biomedical
research and applications, the size of nanomaterials, similar to that of most biological
molecules and structures, might be of tremendous value [92]. The nanoparticles involve metal
nanoparticles, silica nanoparticles, and luminescence quantum dots [93]. Additionally, a
variety of possible uses for them have been discovered in photovoltaic technology, medicine
delivery, biological markers, and cellular imaging [94-96]. On that aspect, Prasad et al.
synthesized a ZnO nanoparticle 28 from citrus lemon extract having an average dimension of
11 nm. They were applied to study its binding interaction with BSA through fluorimetric
analysis [97]. The addition of 28 to the buffer solution of BSA resulted in a quenching in
fluorescence intensity at 347 nm with a small blue shift of 4 nm. The change in spectral
behavior was due to suppressing the hydrophobic part of the protein. From the molecular
docking studies, the stability of the BSA-28 complex was confirmed. The binding constant was
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calculated and found to be 1.05x1011 M. The nanoparticle 28 was utilized as an antibacterial
agent in the pharmacological field. A novel colloidal Ag nanoparticle 29 was reported by
Ravindran et al. to study its binding iteration with BSA using UV-vis absorption study [98].
The Ag nanoparticle in deionized water showed two absorbance peaks at 425 nm and 280 nm
in the absence of BSA. The addition of BSA displayed a continuous decrease in both the
absorbance peak with a slight blue shift of 5-10 nm due to the conformational changes of BSA
upon strong hydrophobic interaction with compound 29. The two novel hydrophobic and
hydrophilic ferroferric oxide nanoparticles 30a and 30b were reported by Hao et al. to analyze
their interaction with bovine serum albumin (BSA) [99]. From the fluorescence titration, the
static quenching of the fluorescence peak was observed in both cases when the concentration
of 30a and 30b were increased gradually. The change in spectral behavior implied the formation
of a complex with BSA having binding constants 8.52 x103 M and 6.95x103 M for 30a and
30b, respectively. The negative value of AH® and AS” signified the formation of the van der
Walls interaction of intermolecular hydrogen bonding between BSA and 30b. By keeping the
strategy of studying the interaction between BSA and nanoparticles, Esfandfar et al. reported
a copper oxide nanoparticle 31, which can strongly bind with BSA in a buffer solution [100].
From the fluorescence spectral analysis, the quenched fluorescence for BSA was observed in
the presence of 31 due to the conformational change of fluorophore position. The negative
value of AH® and AS® also confirmed the hydrogen bonding interaction of 31 and BSA. The
pyrimidine-based Schiff base copper nanoparticle 32 was reported by Jose et al. to serve as an
active binding site for BSA [101]. The binding interaction of BSA with 32 was studied by
various spectrophotometric analyses. The addition of 32 to the BSA in buffer solution resulted
in an increase in absorption peak at 279 nm with a slight blue shift. The fluorescence
spectroscopy analysis also revealed that the quenching in fluorescence of BSA was observed
after the addition of 32 with a slight shift in wavelength due to the molecular interaction. The
BSA-32 plays a lead role in antimicrobial, anticancer, and antioxidant drugs. The copper oxide-
based nanoparticles 33 were designed and developed by Bhogale et al. to study their binding
interaction with BSA [102]. The BSA in the buffer solution showed a strong fluorescence peak
at 345 nm. The addition of 33 implied a static quenching in fluorescence spectra with a blue
shift of 5 nm. The variation in the spectral behavior was due to the hydrogen bonding
interaction within the BSA-33 complex. The negative value of thermodynamic parameters also
signified the formation of a stable complex. The binding constant was calculated and found to
be 5.01x106 M. Boulos et al. reported a gold nanoparticle 34 to study its interaction with
BSA through various spectrophotometric analyses and thermodynamic studies [103]. The
fluorimetric analysis revealed that the quenching in fluorescence of BSA was observed after
adding various concentrations of 34. The change in spectral behavior was due to the surface
modification of BSA through Vander wall interaction. The thermodynamic parameter also
signified the binding interaction within 34 and BSA. The binding constant of this interaction
was calculated and found to be 2.75x1010 M-1. The polyethyleneimine functionalized ZnO
nanoparticle 35 was synthesized by Chakraorti et al. to study its binding interaction with BSA
through calorimetric and spectroscopic analysis [104]. The isothermal calorimetric titration
data revealed the possibility of electrostatic interaction between BSA and 35. From the
fluorescence analysis, it was also observed that the fluorescence spectrum of BSA was
quenched after the addition of 35. The addition of 35 also resulted in a decrease in the
absorbance peak of BSA. The change in spectral behavior was due to protein denaturation
through hydrophobic interaction with 35. The binding constant was calculated and found to be
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6.4x104 M-1. The BSA-35 complex was further utilized in various applications of
nanotechnology. The pyrimidine-based Schiff base 36a and its corresponding nickel
nanoparticle 36b were designed and synthesized by Jose et al. to study its BSA interaction,
molecular docking, and antioxidant study [105]. The BSA in the buffer solution showed a weak
absorption peak at 279 nm. The addition of 36a and 36b resulted in an increase in absorption
peak at 279 nm. Similarly, adding 36a and 36b resulted in a quenching in fluorescence at 343
nm. The change in spectral behavior was mainly due to the hydrogen bonding and hydrophobic
interaction within the 36a and 36b complexes of BSA. The binding constant was calculated
and found to be 6.7%103 and 8.7x103 M-1 for 36a and 36b complex, respectively. The BSA
ducking analysis also confirmed the formation of a stable complex with 36a and 36b. The BSA
complex of 36a and 36b showed potent antibacterial, antimicrobial, and antioxidant activity. A
new PVP-coated silver nanoparticle 37 was reported by Hashemnia et al. to study its influence
on the binding of clonazepam to BSA through various spectrophotometric analyses and
molecular docking studies [106]. Adding 37 to the HEPES buffer Solution of BSA displayed
an increase in absorption peak at 279 nm. It indicates the adsorption of the BSA molecule on
the surface of 37. On the other hand, adding 37 to BSA implied a quenching in the fluorescence
of BSA. The binding constant was calculated and found to be 6.16x108 M-1. From the
molecular docking analysis, the stability of hydrophobic interaction within the 37-BSA
complex was confirmed. Mariam et al. reported a silver nanoparticle 38 to study its interaction
with BSA through various spectrophotometric analyses [107]. The UV-vis titration found that
adding 38 to BSA in buffer solution resulted in an increase in absorption peak at 279 nm with
a slight blue shift of 2 nm. Further, adding 38 also resulted in a static quenching in fluorescence
with a blue shift of 5 nm. Resonance light scattering spectra signified the formation of a
complex between 38 and BSA. The calculated thermodynamic parameters also confirmed the
hydrophobic interaction within the 38-BSA complex. The binding constant was estimated and
found to be 1.716x1010 M-1. Juan et al. reported a gold nanoparticle 39 to study its interaction
with BSA and the conformational changes of BSA after its complex formation with 39 [108].
This binding interaction study was analyzed by fluorescence spectrophotometric analysis. The
fluorescence emission of BSA was quenched with the addition of 39. The static fluorescence
quenching was due to the hydrophobic van der Walls interaction within the 39-BSA complex.
The FTIR spectrum also confirmed the conformational change of the BSA surface after being
complexed with 39. The binding constant of this stable complexation was calculated and found
to be 7.59x108 M-1.

Table 3. Selective parameters of various nanoparticles as an active binder of BSA.

Receptor Solvent Binding Mechanism Application Reference
Constant (M?)

28 Phosphate buffer 1.05x10% Static Antibacterial agent [97]
Quenching

29 Deionized water --- Hydrophobic - [98]
interaction

30 Tris-HCI buffer 8.52x10° Static and [99]

6.95%x10° dynamic

Quenching

31 Phosphate buffer --- Static - [100]
Quenching

32 Tris-HCI buffer 1.92x108 Static antimicrobial, [101]
Quenching anticancer, and

antioxidant activity

33 Tris-HCI buffer 5.01x108 Static -—- [102]

Quenching
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Receptor Solvent Binding Mechanism Application Reference
Constant (M?)
34 Phosphate buffer 2.75%x10%0 Vander wall [103]
interaction
35 Phosphate buffer 6.4x10* Hydrophobic Application in [104]
interaction nanotechnology
36 Tris-HCI buffer 6.7x103 Static antibacterial, [105]
8.7x103 Quenching antimicrobial and
antioxidant activity
37 HEPES buffer 6.16x108 Static and Application in [106]
dynamic nanotechnology
Quenching
38 Phosphate buffer 1.716x10% Static and [107]
dynamic
Quenching
39 Tris-HCI buffer 7.59%108 Static Pharmaceutical [108]
Quenching Application

2.4. Interaction of BSA with quinone moieties.

Quinones are widely dispersed substances in nature that have been found to exhibit a
variety of pharmacological effects. Quinone also accelerates the different biochemical
processes in the cells of living organisms. Various compounds based on quinones have
biological properties, including herbicidal, fungicidal, algicidal, bacterial, etc. [109].
Quinonoid compounds are among the several natural and synthetic substances that have been
tested for their ability to fight cancer [110]. Quinones’ biological activity results from their
acid-base characteristics and capacity to take one or two electrons. [111-112] The presence of
substituents on either the quinone or the nearby rings significantly impacts the chemistry of
quinone. Quinone toxicity is typically assumed to be caused by two mechanisms: first, as
Michel acceptors, they harm living organisms by interacting with their cellular nucleophiles
and causing protein alkylation. Reactive oxygen species are produced second as a redox agent
[113-116]. Therefore it is an interesting and crucial subject to research what happens when
quinones and serum albumin interact physically, biologically, and chemically. For all this
aspect of quinone, Shahabadi et al. designed and synthesized a novel quinone derivative 40
(Figure 4) to investigate its binding interaction with BSA through spectrophotometry and
spectrofluorimetry analysis [117]. Adding 40 to the buffer solution of BSA resulted in a static
guenching in fluorescence at 346 nm.

On the other hand, adding 40 to the BSA also implied an increase in the absorption
peak. The change in spectral behavior was observed due to the complexation between 40 and
BSA with a binding constant of 3.2x104 M-1. The negative value of AG" and AH" and the
positive value of AS° signified the formation of a stable BSA-40 complex through hydrophobic
and hydrogen bonding interaction

O
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Figure 4. Quinone derivatives (40-48) as active binders of BSA.

A novel water-so
Satheshkumar et al. to stu

luble quinone derivative 41 (Figure 4) was synthesized by
dy its interaction with BSA through UV-visible and fluorescence

spectra analysis [118]. Adding 41 to the buffer solution of BSA resulted in an alteration of the

absorption band at 285 nm,

350 nm, and 534 nm with a distinct color change from yellow to

pink. The fluorescence titration showed that the addition of 41 resulted in a quenching in
fluorescence at 348 nm. The jobs plot data also confirmed that the complexation of 41 with
BSA was a 1:1 stoichiometry ratio with a binding constant of 3.3x108 M-1. The BSA-41

complex can be utilized in

various fields like pharmacy, pharmacology, and biochemistry. A

series of vitamin K3 derivatives 42a-c (Figure 4) were synthesized by Suganthi et al. to
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investigate their interaction with BSA in a phosphate buffer solution [119]. The quenched
fluorescence of BSA in the presence of 42b signified the stable complex formation between
42b and BSA. The electron-withdrawing —NO- group in 42b influenced the hydrophobic
interaction within the 42-BSA complex. The stability of the 42-BSA complex was also
confirmed by thermodynamic parameters. The binding constant was calculated and found to
be 4.6x105 M-1. The aminonapthoquinone-based ligand 43 (Figure 4) and its metal (I1)
complexes were devised by Kosiha et al. to investigate their binding interaction with BSA in
Tris-HCI/NaCl buffer solution [120]. Upon the addition of 43 and its corresponding metal
complexes to the BSA, the absorbance peak at 277 nm increases with a blue shift. The addition
of 43 and its corresponding Co, Ni, Cu, and Zn metal complexes in the buffer decreased
fluorescence intensity at 348 nm. The spectral analysis suggested the formation of a complex
with BSA. The association constants of these BSA with 43 and their corresponding Cu, Co, Ni
and Zn complexes were calculated and found to be 1.25x104, 2.39x105, 4.92x104, 1.79x104
and 4.92x104 M-1, respectively. The constant association value suggested the stable binding
of metal complexes of 43 than 43 itself. The aminonapthoquinone-based ligand 44 (Figure 4)
and its corresponding mononuclear metal (I11) complexes of Co, Cu, and Zn were devised by
Kosiha et al. to study their binding interaction with BSA by UV-vis and spectral fluorescence
techniques [121]. The addition of 44 and its corresponding metal complex to the BSA in
NaCl/Tris-HCI buffer displayed a gradual increase in the absorption band at 277 nm and
quenching in fluorescence at 345 nm with a hypsochromic shift in fluorescence emission peak
of BSA. The change in spectral behavior was due to the alteration of the microenvironment
around the chromophore of the protein after complex formation. The binding constants of the
44 and its metal complexes of Co, Cu, and Zn with BSA were calculated and found to be
5.14x104, 5.76x105, 4.26x105 and 3.89x105 M-1, respectively. The metal complexes with
BSA showed cytotoxicity against human breast and lung cancer. Suganthi et al. designed and
synthesized a Mannich base of 2-hydroxy-1,4-napthoginone 45 (Figure 4) and its
corresponding Co, Ni, Cu, and Zn metal complexes to analyze its binding interaction with BSA
[122]. The fluorescence titration showed that the addition of 45 and all of its metal complexes
implied a quenching in the fluorescence of BSA with a slight blue shift of 1 to 4 nm. On the
other hand, the addition of 45 and its corresponding metal complexes also resulted in a
significant increase in the absorption peak of BSA at 277 nm. The value of thermodynamic
parameters suggested the stable complex formation through hydrophobic interaction. The
binding constants of 45 and its corresponding Co, Ni, Cu, and Zn metal complexes are
calculated and found to be 3.4x105, 1.9x104, 7.5x105, 1.2x106 and 1.1x106 M-1,
respectively. A series of copper complexes 46a-e (Figure 4) and vanadium complex 46f (Figure
4) of lawsone Mannich base were devised by Nariya et al. for its binding study with BSA [123].
The fluorescence titration revealed that adding all the metal complex 46a-f to BSA in buffer
solution displayed a quenching in fluorescence at 346 nm. This quenching in fluorescence was
observed due to static quenching. The spectroscopic analysis clearly indicated that the order of
interaction of 46a-f with BSA was represented as 46e> 46d> 46f> 46a> 46¢> 46b. The
association constants were estimated and found to be 3.103 * 105, 2.4677 * 105, 1.43 * 105,
5.0384x106, 15.790x107 and 1.37x106 for 46a-f, respectively. The novel
aminonapthoquinone-based ligand 47 (Figure 4) and its corresponding Co (I1), Ni (1), Cu (11),
and Zn (I1) metal complexes have been synthesized by Koshika et al. to study its binding
interaction with BSA [124]. The UV-vis titration result indicated that the absorption peak of
BSA at 277 nm continuously increased in the presence of all the metal complexes of 47 due to
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the conformational changes of the protein. On the other hand, adding metal complexes of 47 to
BSA in the buffer displayed a quenched fluorescence with a slight blue shift. The quenching
in fluorescence was due to the strong hydrophobic interaction between the BSA and metal
complexes of 47 compounds. The binding constants were calculated and found to be 7.88x103,
2.20x104, 4.55%x104, 3.29x104 and 5.89x104 M-1 for metal complexes of 47, respectively.
Anjomshoa et al. reported a novel phendione-based Zn(Il) nanocomplex 48 (Figure 4) to
investigate its interaction with BSA in buffer [125]. The addition of 48 to BSA resulted in a
guenching in fluorescence at 346 nm due to the conformational change of protein surface
during 48-BSA complex formation. The negative value of AG® and positive values of AH® and
AS° also suggested the stable complex formation of 48-BSA. The binding constant was
estimated and found to be 1.4x104 M. These protein-coated 48 complexes were applied in
the human carcinoma cell lines.

Table 4. Selective parameters of quinone derivatives as an active binder of BSA.

Receptor Solvent Binding Mechanism Application Reference
Constant (M%)
40 Sodium 3.2x104 Static [117]
phosphate buffer Quenching
41 Phosphate buffer 3.3x108 Static Pharmacy, [118]
Quenching pharmacology, and
biochemistry
42 Phosphate buffer 4.6x10° Static [119]
Quenching
(Hydrophobic
interaction)
43 Tris-HCI/NaCl 1.25x10* Static and dynamic | Cytotoxicity studies [120]
buffer 2.39x10° Quenching
4.92x10*
1.79x10%
4.92x10*
44 Tris-HCI/NaCl 5.14x10% Static cytotoxicity against [121]
buffer 5.76x10° Quenching human breast and
4.26x10° lung cancer
3.89x10°
45 Phosphate buffer 3.4x10° Static Biological activities [122]
1.9x104 Quenching
7.5x10° (Hydrophobic
1.2x108 interaction)
1.1x10°
46 Tris- NaCl buffer 3.103x10°, Static Cytotoxicity studies [123]
2.4677x105, Quenching
1.43x105,
5.0384x108,
15.790%107
1.37x108
47 Phosphate buffer 7.88x10° Static Cytotoxicity studies [124]
2.20x104 Quenching
4.55x10* (Hydrophobic
3.29x10* interaction)
5.89x10*
48 Tris/NaCl buffer 1.4x10* Dynamic quenching | Cytotoxicity against [125]
the human
carcinoma cell lines

2.5. Interaction of BSA with imidazolium salt.

Novel organic salts known as imidazolium salts are being used to analyze
environmental sample data and are being evaluated as green chemicals for industrial volatile
organic compounds [126-127]. Imidazolium salts have low melting temperatures below 100°C.

Due to their distinctive and appealing qualities, such as negligible vapor pressure, good
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chemical or thermal stability, nonflammability, favorable conductivity, and low toxicity,
imidazolium salts showed considerable promise as a potential replacement for conventional
volatile organic solvents. They have been used in many different domains, such as
electrochemistry, chemical sensors, synthesis, and separation [128-130]. So to further
understand the structural and functional details of imidazolium salt type surfactant-protein
interactions, it would be imperative to research the binding of imidazolium salts type surfactant
to bovine serum albumin. On this note, the noble imidazolium containing amphiphiles of 1-(2-
hydroxyethyl)alkylimidazolium bromide 49 (Figure 5) was designed and synthesized by
Kuzentsova et al. to analyze its aggregation ability with BSA using tensiometry technique
[131]. The tensiometry analysis showed that the aggregation capability of 49 was increased by
5 times after the addition of BSA. It confirmed the hydrophobic interaction between the
lipophilic tails of 49 and the hydrophobic packet of the protein molecule. The fluorescence
titration analysis also observed that the addition of different concentrations of 49 to BSA
resulted in a decrease in emission peak at 349 nm. It suggested the strong binding interaction
between 49 and BSA.
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Figure 5. Imidazolium salts (49-58) as active binders of BSA.

Kuznetsova et al. reported amphiphiles bearing imidazolium and urethane moieties 50
(Figure 5) to analyze its complexation ability towards BSA through multi-physicochemical
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methods [132]. The analysis revealed that the addition of 50 to BSA resulted in a decrease in
the aggregation threshold of 50. Adding 50 to the buffer solution of BSA resulted in a
quenching in fluorescence with a slight hypsochromic shift. The binding interaction depends
upon the length of the tail of amphiphiles. The binding constant was calculated and found to
be 0.26x104 M-1. The value of the thermodynamic parameter also suggested the formation of
a stable complex. The binding interaction of a series of imidazolium chloride ionic liquids 51a-
¢ (Figure 5) with BSA was studied by Huang et al. [133]. The investigation was performed
through UV-vis and fluorescence spectral analysis. Adding 5la to BSA increased the
absorption peak at 223 nm with a hypochromic shift from 223 nm to 237 nm. But adding 51b
and 51c resulted in a decrease in absorption peak with a slight red shift. The addition of 51a-c
also displayed a quenching fluorescence emission at 339 nm. The rate of the quenching effect
depends upon the length of the hydrophobic carbon chain. The binding constants for 51a-c
were calculated and found to be 0.16x102, 0.31x102, and 3.55%x102 M-1, respectively. The
interaction of BSA with synthesized alkyl imidazolium-based ionic liquids 52a and 52b (Figure
5) was studied by Zhu et al. through isothermal titration calorimetry (ITC) and circular
dichroism (CD) [134]. CD spectrum showed that the interaction of 52a and 52b implied a slight
decrease in band intensity of BSA at 208 and 222 nm. The change in spectral behavior was
observed due to the change in the secondary structure of BSA. In ITC analysis, the degree of
coincidence between the calculated curve and the experimental integrated heat suggested the
existence of two types of active binding sites for 52a and 52b.

A series of imidazolium ionic liquids 53a-c (Figure 5) were reported by Shu et al. to
investigate its binding interaction with BSA [135]. Due to complex dynamic collision, the
addition of 53a-c to BSA in buffer solution resulted in a quenching in fluorescence at 340 nm.
From the thermodynamic analysis, it was observed that the interaction between 53a and 53b
was purely hydrophobic and electrostatic interaction. This kind of interaction caused the
polypeptides in BSA to unfold. The molecular docking analysis confirmed the hydrophobic
interaction between the cationic imidazolium moieties of 53a-c and the subdomain of the BSA
cavity. The binding constants of 53a-c were evaluated and found to be 1.29x102, 1.06x102,
and 5.19x102 M-1, respectively. Wang et al. reported two ester-functionalized anionic surface
active ionic liquids 54a and 54b (Figure 5) to investigate their interaction with BSA in an
aqueous solution through various techniques [136]. From the fluorescence titration analysis, it
was observed that adding 54a and 54b to BSA resulted in a quenching in fluorescence at 348
nm with a clear blue shift. The change in spectral behavior was due to the hydrophobic
interaction within the 54a-BSA and 54b-BSA complexes. The binding constants of complexes
are calculated and found to be 3.092x103 and 1.689x103 M-1. The result showed that the
cationic ring slightly affects the surface of the BSA. Satish et al. synthesized a series of
imidazolium-based ionic liquids 55a-c (Figure 5) to investigate its interaction with BSA using
different spectroscopic techniques [137]. Adding 55a-c to BSA in buffer solution resulted in a
dynamic quenching in fluorescence. The thermodynamic analysis suggested the existence of
weak interaction between BSA and 55a-c. The conformational change of BSA due to the
formation of complexes was confirmed by CD analysis. The binding constants of 55a-c are
calculated and found to be 3.43x104, 3.33x104, and 1.74x104 M-1, respectively. The
aggregation ability of BSA with an imidazole-containing amphiphile system 56 (Figure 5) was
studied by Samarkina et al. [138]. The surfactant 56 showed excellent binding interaction with
BSA.
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The addition of 56 to the BSA in the buffer solution implied a quenching in fluorescence
at 348 nm with a clear blue shift. The size of the surfactant 56-BSA complexes was determined
by dynamic light scattering to rely on the polypeptide size (6-10 nm) rather than the
concentrations of the surfactant and BSA. Tensiometry analysis revealed that the system’s
aggregation threshold is reduced by a factor of 50 when BSA is added to the surfactant. The
binding constant of the 56-BSA complex was evaluated and found to be 0.58x103 M-1. Using
various physiochemical methods, the binding interaction of a series of amphiphiles bearing
imidazole 57 (Figure 5) with BSA was investigated by Samarkina et al. [139]. The addition of
57 resulted in a quenching in the fluorescence of BSA at 285 nm. The dynamic light scattering
research revealed that the size of the surfactant 57-BSA complex is governed by the
polypeptide size and is constant over the whole amphiphile concentration range.

Additionally, it has been demonstrated that adding BSA to the surfactant solution of 57
leads to a 45-fold reduction in aggregation threshold. The binding constant was calculated and
found to be 7.07x102 M-1. The interaction of two imidazolium-derived gemini surfactants 58a
and 58b (Figure 5) with BSA was analyzed by Gospodarczyk et al. through circular dichroism
(CD) analysis [140]. From the CD analysis, a significant change in the protein’s radius of
gyration and a significant alteration of the secondary structure of BSA in the presence of 58a
and 58b was observed. It was also observed that the radius of gyration increased dramatically
with the addition of surfactants 58a and 58b and decreased with high surfactant concentrations.
BSA has also been seen to aggregate strongly for a specific range of surfactant concentrations.

Table 5. Selective parameters of various imidazolium salts as an active binder of BSA.

Receptor Solvent Binding Clonstant Mechanism Application References
(M%)
Phosphate buffer Static quenching Pharmaceutical [131]
49 (Hydrophobic application
Interaction)
Phosphate buffer 0.26x10* Static quenching -—- [132]
50
Tris/NaCl buffer 0.16x10? Static quenching Biomedical [133]
51 0.31x10? application
3.55%10?
Phosphate buffer Hydrophobic Biochemical [134]
52 Interaction analysis
Tris-HCI buffer 1.29x102 Static and [135]
53 1.06x102 dynamic
5.19x10? quenching
Phosphate buffer 3.092x103 Static quenching Surface water [136]
54 1.689x103 (Hydrophobic analysis
Interaction)
Phosphate buffer 3.43x10* Dynamic --- [137]
55 3.33x 10* quenching
1.74x10%
Phosphate buffer 0.58x10° Static and Biomedical [138]
56 dynamic application
guenching
Phosphate buffer 7.07x10? Dynamic Pharmaceutical [139]
57 quenching application
Tris-HCI buffer Static quenching Surface water
58 (Hydrophobic analysis [140]
Interaction)

3. Conclusions

Interactions between various molecular probes and BSA are one of the promising types
of molecules showing antibacterial, antiviral, anticancer, antioxidant, and antineoplastic
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potential in the context of the increasing incidence of drug resistance. Studying and
comprehending a drug’s capacity to bind to albumin is one of the vital phases in creating a
novel and efficient drug, as they are essential to its transport, metabolism, distribution, and
excretion. In light of this, we emphasized the key ideas regarding the structure and roles of
bovine serum albumin (BSA) and the factors to be considered while designing coordination
complexes with protein binding capacities. In addition, the most crucial instrumentation
methods used to investigate the nature and strength of the coordinated complex-BSA
interactions are fluorescence spectroscopy, UV-Vis absorption spectroscopy, circular
dichroism study, and molecular docking study.
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