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Abstract 

In this work, we investigated the human serum albumin binding behavior of a series of novel derivatives with both tacrine and coumarin 
pharmacophores. The compounds were investigated using UV-Vis absorption and fluorescence spectroscopy. KB values were found to be in order 
of 103 M-1. The values of n indicate that only one independent class of binding sites is available for tacrine-coumarin hybrids on HSA. Synchronous 
fluorescence spectra showed that compounds did not have any noticeably effect on α-helical conformation of HSA. Our data indicated that these 
tacrine-coumarin molecules exhibit promising potential which would be of considerable use in the development of drugs with enhanced or more 
selective effects and greater clinical efficacy. 
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Introduction

Coumarins (benzopyran-2-ones) form an elite class of 
naturally occurring compounds which possess a wide range of 
promising therapeutic perspectives. Due to the diversity of their 
structural complexity, these compounds can range from simple 
substituted coumarins to polysubstituted polycyclic/fused 
coumarins. They belong to the flavonoid class of plant secondary 
metabolites and exhibit a variety of biological activities while 
also typically displaying low levels of toxicity. Both natural and 
synthetic coumarins have attracted a great deal of attention due 
to the wide range of their biological properties, which include 
anticancer, anti-HIV, anti-inflammatory and antibacterial 
activities [1-13]. Recent research has also focussed attention on 
the human serum albumin (HSA) [14,15].

Serum albumins are the most common proteins in the 
circulatory system and these biomacromolecules play a crucial 
role in the transport of ions, drug and metal ions through the 
bloodstream to biological targets such as cells and tissues. 
They are also involved in the many exogenous and endogenous 
components such as fatty acids or pharmaceuticals. When we 
take into consideration the fact that the biological properties of 
compounds may be changed or adopt alternative transportation 
pathways or mechanisms when bound to albumins, it is clear  

 
that an investigation of the interaction of potential biologically 
active compounds with albumins could provide important 
information about the potential biological activity of such 
compounds [16,17]. The intrinsic fluorescence of human serum 
albumin is caused by three distinct agents; tryptophan (Trp), 
tyrosine (Tyr) and phenylalanine (Phe). However, Phe has a very 
low quantum yield and the fluorescence of Tyr is almost totally 
quenched if it is ionized or in close proximity to an amino group, 
a carboxyl group or a Trp residue, so therefore the main agent 
responsible for the fluorescence of HSA is tryptophan (Trp) [18-
19]. The fluorescence intensity of HSA may be quenched by a 
variety of molecular interactions, such as excited state reactions, 
energy transfer, molecular rearrangement, the formation of a 
non-fluorescent ground state complex (static quenching) and 
collisional encounters between fluorophores and quenchers 
(dynamic quenching) [20-21].

A further factor is the inner filter effect which is connected to 
the absorption of light at the excitation or emission wavelength 
by compounds present in the solution. When compounds added 
to a solution absorb high levels of light at the excitation or 
emission wavelength of proteins, it is possible that less light will 
penetrate to the centre of the solution or that less emitted light 
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will reach the detector. Either of these situations can lead to a 
reduction in the fluorescence intensity of proteins and result in 
inner filter effect-induced fluorescence quenching [20-22]. In 

this study we investigate the interaction of four drugs possessing 
both tacrine and coumarin pharmacophores with human serum 
albumin.

Table 1: Characteristics of compounds 1a-1d.

Compound Name
Molecular weight

(g mol-1)

1a N1-{6-[(1,2,3,4-tetrahydroacridin-9-yl) amino hexyl}-2-(7-hydroxy-2-oxo-2H-chromen-4-yl) acetamide 499.62

1b N1-{7-[(1,2,3,4-tetrahydroacridin-9-yl) amino] heptyl}-2-(7-hydroxy-2-oxo-2H-chromen-4-yl) acetamide 513.64

1c N1-{8-[(1,2,3,4-tetrahydroacridin-9-yl) amino] octyl}-2-(7-hydroxy-2-oxo-2H-chromen-4-yl) acetamide 527.67

1d N1-{9-[(1,2,3,4-tetrahydroacridin-9-yl) amino] nonyl}-2-(7-hydroxy-2-oxo-2H-chromen-4-yl) acetamide 541.7

Experimental 

Chemistry
All chemicals and reagents were purchased from Sigma-

Aldrich Chemie (Germany) and used without further purification. 
The studied tacrine-coumarin hybrids were prepared at the 
Institute of Chemistry, Department of Organic chemistry, Faculty 
of Science, PJ Šafárik University in Košice. A description of the 
synthesis and their biological activity of these compounds has 
been published previously [23]. The hybrids were dissolved in 
dimethyl sulfoxide (DMSO, Fluka) to a final concentration 5×10-2 
M. The chemical characteristics are listed in (Table 1).

Human serum albumin sample preparation: Fatty-acid 
free human serum albumin (HSA, A1887, Sigma Aldrich) was 
prepared by dissolving 40 × 10-3 g/mL in a 10 × 10-3 M Tris-HCl 
buffer (pH 7.4) containing 0.1 M NaCl. The final concentration 
of HSA stock solution was determined spectrophotometrically 
using a molar absorption coefficient of ε280 = 35700 M-1 cm-1 
[24]. Fluorescence measurements: Fluorescence measurements 
were performed at three different temperatures (288.15, 
298.15 and 310.15K) on the fluorescence spectrophotometer 
equipped with a 1.0cm quartz cuvette which was mentioned 
above. The excitation and emission slit widths were set at 10nm. 
Fluorescence quenching spectra were obtained by excitation at 
295nm in the wavelength range of 305-500nm. Spectra were 
measured at fixed concentrations of HSA (c =4.0×10-6M) and 

increasing concentrations of compounds 1a-1d. The fluorescence 
emission spectra of the free studied compounds were also 
obtained under the same experimental conditions and displayed 
a maximum emission band at ~450nm. Quenching studies of 
the HSA fluorescence spectra were performed after correlation 
by subtracting the spectra of the free compounds [16,17]. 
Fluorescence intensities were corrected in order to eliminate 
the inner filter effect and all fluorescence intensities used in the 
protein binding studies were corrected values. 

UV-Vis absorption experiments: Absorption spectra were 
performed at three different temperatures (288.15, 298.15 and 
310.15K) on the spectrophotometer set-up which was described 
above. Spectra were measured at fixed concentrations of HSA (c 
= 4.0×10-6 M) and increasing concentrations of compounds 1a-
1d. Baseline correlation was performed using the corresponding 
buffer (Tris-HCl-NaCl). Synchronous fluorescence spectroscopic 
studies: Synchronous fluorescence spectra were recorded 
at different scanning intervals of Δλ. The relationship of the 
synchronous emission and excitation wavelengths can be 
expressed as Δλ = λem - λex. The excitation wavelength was set 
in the range of 240-360nm and the emission were recorded at Δ 
= 15nm for tyrosine (Tyr) residues and Δ=60nm for tryptophan 
(Trp) residues. Spectra were measured at fixed concentrations of 
HSA (c =4.0×10-6 M) and increasing concentrations of compounds 
1a-1d.

Figure 1: Fluorescence spectra of 4.0×10-6 M HSA (λex=295nm; λem=345nm) in the presence of compound 1a-1d at 25°C ([1a] = 0-4.2 × 
10-5 M, [1b] = 0-2.5 × 10-5 M, [1c] = 0-1.5 × 10-5 M, [1d] = 0-1.2×10-5 M). Arrows indicate changes in fluorescence spectra upon increasing the 
ligand concentration. Insert: The Stern-Volmer plot of fluorescence quenching of HSA by studied compounds at 25°C. All the experiments 
were realized in Tris-HCl-NaCl buffer, pH 7.4. 
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Results and Discussion

Fluorescence Quenching Measurements
In order to investigate the interaction of compounds 

1a-1dwith HSA, Trp fluorescence emission quenching experi-
ments were performed at three different temperatures (289.15, 
298.15 and 310.15K) (Figure 1). When the solution of HSA is ex-
cited at 295nm, the emission spectra exhibit the intensive band 
at 343nm. This band originates from Trp at position 214 in HSA. 
The fluorescence intensity of HSA was found to decrease gradu-
ally upon successive additions of compounds 1a-1d. Moreover, 
another emission band appeared at 450nm at increased con-
centrations of the compounds, an effect which is characteristic 
for tacrine-coumarin hybrids, and this was followed by the de-
velopment of an isoemission point at 410nm. The influence of 
the inner filter effect on the fluorescence of HSA quenched by 
compounds 1a-1d was estimated prior to the analysis of the fluo-
rescence quenching mechanism using by the following (Equation 
1) [25]

                      2  Aex Aemcor obsF F x e ==                              (1)

where Fcor and Fobs are the fluorescence intensities 
correlated and observed, respectively; Aex and Aem are the 
absorbance values of the studied compounds at the excitation 
and emission wavelengths, respectively. Both static and dynamic 

processes were then defined, and quenching data was analysed 
using the classical linear Stern-Volmer (Equation 2) as follows 
[26]

                  1 [ ] 1 [ ]q sv
F k tau Q K Q
F
ο
= + = +                                   (2)

where F0 and F are the fluorescence intensities of HSA 
(fluorophore) in the absence and presence of the compounds 
(quencher), respectively; [Q] is the concentration of the ligand; 
KSV is the Stern-Volmer quenching constant; kq is the bimolecular 
quenching rate constant and τ0 is the average lifetime of the 
fluorophore in the absence of ligands (typically with a value of 
1×10-8 for Trp fluorescence in protein molecules). 

Figure 1 show the linear plot of F0/F versus [Q]. The linear 
course of the Stern-Volmer plot represents a single quenching 
mechanism, either dynamic or static [27]. The values of the Stern-
Volmer quenching constants KSV were evaluated from the slopes 
of the linear plots, and the bimolecular quenching constants kq 
were then calculated by applying (Equation 2); all of the related 
data is listed in (Table 2). Dynamic and static quenching can 
be distinguished by their temperature-dependent behaviour. 
The stability of the HSA-compound complex is typically 
reduced at increased temperatures and thus static quenching is 
characterized by a decreasing bimolecular quenching constant at 
increased temperatures. 

Table 2: Various binding and thermodynamic parameters for compound-HSA complex formation at various temperatures.

Comp T (K)
KSV kq KB 

n R2

ΔG ΔH ΔS
R2

s (× 1011 
M-1s-1) (×103 M-1) (kJ mol-1) (kJ mol-1) (J mol-1 

K-1)

1a

288.15 16.81 16.81 15.86 0.99 1 -22.39

-115.12 -321.81 0.91298.15 8.58 8.58 1.23 0.81 1 -19.17

310.15 5.4 5.4 0.51 0.77 0.98 -15.31

1b

288.15 30.55 30.55 3.32 0.8 1 -19.54

53.9 254.87 0.99298.15 17.16 17.16 8.06 0.93 0.99 -22.08

310.15 18.5 18.5 16.44 0.99 1 -25.14

1c

288.15 44.65 44.65 0.86 0.65 0.99 -15.79

68.81 293.56 0.94298.15 31.85 31.85 1.76 0.75 1 -18.72

310.15 29.34 29.34 6.45 0.87 1 -22.24

1d

288.15 47.21 47.21 2.58 0.75 0.99 -18.36

65.1 289.66 0.91298.15 33.45 33.45 3.69 0.81 0.99 -21.26

310.15 32.49 32.49 17.38 0.94 0.98 -24.74

In contrast, dynamic quenching occurs when higher tem-
peratures increase the bimolecular quenching constant as a re-
sult of faster diffusion and greater likelihood of collision at the 
highest temperatures [25, 28]. The kq values obtained in this 
study are 100-fold higher than the maximum scatter collisional 
quenching constant, which is given as 2.0×1010 M-1s-1 [26] and 
kq values decrease with increases in temperature. This data 
suggests that compounds 1a-1d can quench the fluorescence of 
proteins’ Trp residues as a result of ground-state complex forma-

tion with HSA (static quenching). Furthermore, slight red shifts 
(343nm→345nm) were observed in the position of the emission 
maximum upon addition of the studied compounds. These shifts 
are probably related to a change in the microenvironmental po-
larity surrounding the Trp residues in HSA molecules. The red 
shift is likely to be a result of disruption to the structure of HSA 
brought about by the formation of the compound complex. When 
the compounds bind to HSA, the Trp residues buried in the hy-
drophobic cavity are exposed to water, an environment which is 

http://dx.doi.org/10.19080/OMCIJ.2019.08.555733


How to cite this article: Eva K, Monika H, Slávka H, Mária Kozurkova. Spectroscopic Evaluation of Novel Tacrine-Coumarin Hybrids as HSA-Interacting 
Agents. Organic & Medicinal Chem IJ. 2019; 8(2): 555733. DOI: 10.19080/OMCIJ.2019.08.555733

004

Organic and Medicinal Chemistry International Journal 

more polar but less hydrophobic [29]. Accordingly, similar shifts 
were also observed using other methods such as synchronous 
spectra and absorption spectra, the results of which are listed 
below.

Binding Constant, Number of Binding Sites and Ther-
modynamic Parameters

The binding constant (KB) and the number of binding sites 
(n) of compounds 1a-1 dbound to HSA at different temperatures 
were determined by plotting the double logarithmic regression 
curve of the fluorescence data using the above-mention 
(Equation 3) [25]. 

                      log log[ ] logo
B

F F n Q K
F
−

= =                          (3)

The values of KB and n were collected from linear plots 
of log[(F0-F)/F] versus log[Q] as shown in figure 2 and the 

corresponding values are presented in Table 2. As can be seen 
in the table, the KB values of these compounds at the same 
temperature decrease in the order 1b>1d>1c>1a. These findings 
show that the length of the chain between tacrine and coumarin 
has an effect on binding strength because compounds with even 
numbers of -CH2 groups displayed lower binding affinity than 
compounds with odd numbers of -CH2 groups. However, the KB 
values were found to be in order of 103 M-1 which suggests that 
the affinity of interaction between the compounds and HSA is 
weaker than the optimal range of affinity of 104-106 M-1 necessary 
for the transportation and distribution of compounds through 
the organism. In terms of binding sites, the values of n obtained 
in the assays were approximately equal to 1 which indicates 
that only one independent class of binding sites is available for 
tacrine-coumarin hybrids on HSA [30] (Figure 2).

Figure 2: Logarithmic plot of the fluorescence quenching of HSA with tacrine-coumarin derivatives 1a-1d at various temperature. 

The thermodynamic parameters of binding of compounds 1a-
1d with HSA were determined using a Van’t Hoff plot figure 3 was 
used to calculate the changes in both enthalpy (ΔH) and entropy 

(ΔS). The changes in Gibbs free energy (ΔG) were determined as 
a function of temperature [30]. The calculated results are also 
presented in (Table 2) (Figure 3).

Figure 3: Van’t Hoff plot for the interaction of HSA with tacrine-coumarin derivatives obtained from HSA fluorescence quenching at 288.15, 
298.15 and 310.15K.

As was mentioned above, when ΔH and ΔS are both negative, 
the main forces in the interaction are van der Waals forces 
and hydrogen bonding; when ΔH and ΔS are both positive, 
hydrophobic interaction is the main force, but when ΔH is zero 
or slightly negative and ΔS is positive, electrostatic interaction 
plays a major role in the reactions [28-31]. Moreover, when 
the binding enthalpy is positive, the binding process has an 
endothermic character which can be indicated by a boost to KB 
values as a function of temperature raise. However, when ΔH is 
negative, the binding process is exothermic, and the values of KB 
decrease with increasing temperature [28]. The negative values 
of ΔG (Table 2) indicate that the binding of tacrine-coumarin 
hybrids 1a-1d to HSA is a spontaneous process. In addition, the 

positive values of ΔH and ΔS indicate that the binding interaction 
between compounds 1b-1d and HSA is primarily an entropy-
driven endothermic reaction in which hydrophobic forces play 
a major role. Interestingly, the interaction between HSA and 
compound 1a clearly suggests the occurrence of a different 
binding mode because the values of ΔH and ΔS are both negative 
and therefore the main forces are probably van der Waal forces 
and hydrogen bonding. 

UV-Vis Absorption Spectroscopy
UV-Vis spectroscopy is a simple and useful method of 

investigating structural and microenvironmental changes in 
protein-compound complex formation. The absorption spectrum 
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of HSA exhibits a stronger absorption band at 210nm which 
reflects the framework conformation of the protein, while a 
weaker absorption band at 279nm is attributed to the aromatic 
amino acids (Trp, Tyr, Phe) present in the protein [32]. As is 

shown in Figure 4, the absorption bands at 210nm and 279nm 
displayed a gradual increase in the presence of compounds 1a-
1d. Additional bands were also observed at 335nm. 

Figure 4: Absorption spectra of 4.0 × 10-6 M HSA gradually titrated with compounds 1a-1d ([1a] = 0-4.2 × 10-5 M, [1b] = 0-2.5 × 10-5 M, [1c] = 
0-1.5 × 10-5 M, [1d] = 0 - 1.2 × 10-5 M) at 25°C in Tris-HCl-NaCl buffer, pH 7.4. Arrows indicate changes in absorption spectra upon increasing 
the ligand concentration.

These bands are characteristic of the absorption maxima of 
free compounds and their intensity increased with increasing 
concentrations of the studied compounds. The increase in the 
characteristic HSA peaks at 210nm and 279nm in addition 
to the slight red shifting of the maximum wavelength of HSA 
(~2nm) indicate that the structure of HSA was changed and the 
hydrophobicity of the microenvironment around the aromatic 
residues was decreased in the presence of compounds 1a-1d. 

Synchronous Fluorescence Spectroscopic Studies
Synchronous fluorescence spectroscopy is a frequently 

used method which can provide valuable information about 
conformation changes of proteins and alterations of polarity, 
especially in the microenvironment of amino acid residues. 
When Δλ values (scanning interval, Δλ=λem-λex) are set at 15nm 
(Δλ=15nm), the synchronous spectrum provides characteristic 
information about the tyrosine residue, while at Δλ=60nm, the 
spectrum offers details about the tryptophan residue [29,33]. 
The maximum emission wavelength shift (λmax) can indicate a 

modification of the polarity in the surrounding fluorophores. 
When a blue shift in λmax is observed, the polarity around 
the fluorophores has decreased and the hydrophobicity has 
increased. Conversely, when a red shift in λmax is observed, 
the polarity around the fluorophores has increased, while the 
hydrophobicity has decreased [14,34,35].

The synchronous fluorescence spectra of compounds 1a-
1d with HSA at Δλ=15nm and Δλ=60nm are shown in Figure 
5. A slight red shift was observed in the spectra of Tyr and Trp 
residues (~2nm) which indicates that the microenvironment 
around the Trp and Tyr residues was disrupted; more specifically, 
the hydrophobicity of Trp and Tyr residues had decreased and 
the polarity around these residues had increased. Moreover, 
fluorescence intensity was found to decrease regularly upon 
the addition of compounds 1a-1d. This is likely to be a result of 
fluorescence quenching and corroborates the findings obtained 
from the fluorescence quenching assays.

Figure 5: Synchronous fluorescence spectra of 4.0 × 10-6 M HSA in presence of various amounts of tacrine-coumarin hybrids 1a-1d ([1a] = 
0-4.2 × 10-5 M, [1b] = 0 - 2.5 × 10-5 M, [1c] = 0 - 1.5 × 10-5 M, [1d] = 0-1.2 × 10-5 M) in Tris-HCl-NaCl buffer (pH 7.4), at 25°C. 
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Conclusion
The HSA binding behavior of a series of novel derivatives 

with both tacrine and coumarin pharmacophores, compounds 
1a-1d, was investigated with HSA using UV-Vis absorption 
and fluorescence spectroscopy. The results obtained from the 
fluorescence spectrometry allowed us to calculate KB value. KB 
values were found to be in order of 103 M-1 which suggests that 
the affinity of interaction between the compounds and HSA is 
weaker than the optimal range of affinity of 104-106 M-1 necessary 
for the transportation and distribution of compounds through 
the organism. The values of n indicate that only one independent 
class of binding sites is available for tacrine-coumarin hybrids on 
HSA. Synchronous fluorescence spectra showed that compounds 
did not have any noticeably effect on α-helical conformation 
of HSA. The findings presented in this paper offer significant 
insights into the interaction between the novel tacrine-coumarin 
compounds and human serum albumin. Our data suggests that 
these tacrine-coumarin molecules exhibit promising potential 
which would be of considerable use in the development of drugs 
with enhanced or more selective effects and greater clinical 
efficacy. 
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