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Abstract

A novel hydrazone, (E)-Ethyl-4-(2-(furan-2-ylmethylene)hydrazinyl)benzoate (EFHB),
has been synthesized and characterized by FT-IR, NMR and Mass spectroscopy, and Xray diffraction; compound crystallized as translucent light yellow thin plates. EFHB was
studied for their binding to human serum albumin (HSA) using the fluorescence quench
titration method. Molecular docking was also performed to get a more detailed insight
into their interaction with HSA at the binding site. Addition of this hydrazone to HSA
1
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produced significant fluorescence quenching and splitting of emission spectra of HSA
through static quenching mechanism with binding constants of about 104 M-1 at 292.15,
298.15, 304.15 and 310.15 K. According to the synchronous fluorescence, tryptophan
and tyrosine residues of the protein are most perturbed by the binding process.
Thermodynamic parameters ΔG, ΔH, and ΔS were got and the main sort of acting force
between EFHB and HSA was studied. Results of molecular docking have shown that
EFHB binds to subdomain IIA of HSA mainly by hydrophobic interaction, energy

PT

binding are in good agreement with those obtained by fluorescence study (ΔGthe = -7.32

RI

± 0.09 kcal mol-1 and ΔGexp = -6.76 ± 0.03 kcal mol-1).

Keywords: Hydrazone derivative, crystal structure, HSA, molecular docking,

SC

fluorescence spectroscopy.

NU

1. Introduction

Hydrazones and their derivatives have been under study for a long time due to their ease

MA

preparation, increased hydrolytic stability relative to imines, and its tendency toward
crystallinity. In addition, this kind of compound is a versatile class to building blocks
for the synthesis of heterocyclic compounds, drug design, as possible ligands for metal

D

complex. Have shown potential applications due to their broad spectrum of biological

PT
E

activity, including antitumor, antiviral, vasodilators, antimalarial, anti-inflammatory,
analgesic, anticonvulsants activities.[1–3]
In the literature, synthesis of hydrazone derivatives has been reported in order to study

CE

their mechanisms of interaction with biomolecules of pharmacological interest such as
human serum albumin (HSA) and bovine serum albumin (BSA), using different

AC

spectroscopic techniques and methods of molecular modeling. The interaction between
the hydrazone derivatives N′-(2,4-dimethoxybenzylidene)-2-hydroxybenzohydrazide
(DBH), 4-chloro- N′-(pyridin-2-ylmethylene)benzohydrazide (CPBH), 2-hydroxy-N′-(3hydroxybenzylidene)

benzohydrazide

(HHB),

N′-(4-bromobenzylidene)-2-

hydroxybenzohydrazide (BBH), N′-benzylidene-2-hydroxybenzohydrazide (BH) and
HSA/BSA have been investigated systematically by fluorescence, These hydrazone
derivatives form stable complexes with HSA and BSA with binding constants of 104105 L mol-1.[4–7]

2
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HSA in the major protein in human bloodstream and accounts for almost 60% of total

SC

plasma protein content. HSA is composed of a single polypeptide chain containing 585
amino acids residues, is stabilized by 17 disulphide bridges, and has a molecular weight

NU

of 66 kDa. Serum albumin functional activity is essential for maintaining normal tissue
and organ homeostasis, HSA is the main transporting protein for ligands due to its

MA

ability to bind to a broad range of both hydrophobic and hydrophilic molecules,
including drugs (endogenous and exogenous ligands present in blood).[8–11] HSA, is a
key regulator of fluid movement between plasma and interstitial compartments under

D

physiological conditions.[12] Due to these characteristics, HSA is generally used as an

PT
E

important model protein in the various studies of biophysics and biochemistry, and one
of the techniques used is measurement of quenching of albumin’s natural fluorescence
by drugs for its high sensitivity, rapidity and ease of implementation.[13,14]

CE

In this article, we report the synthesis and molecular structure of novel hydrazone
EFHB, together with biophysical studies of its interaction with HSA by fluorescence

AC

spectroscopy and molecular modeling methods.
2.- Experimental Methods

2.1. Chemicals.
The Western Hematological Institute and Blood Bank of Zulia State, Bolivarian
Republic of Venezuela supplied human serum albumin (HSA). All other chemicals used
were of analytical reagent grade.
2.2. Apparatus.
3
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Melting point was determined on a digital IA-9100 ELECTROTHERMAL Fusiometer.
IR spectrum was recorded on a Shimadzu FTIR-Prestige21 (IR) spectrophotometer, as
KBr pellets. Spectrophotometer NMR “Brukerbiospin 500” (500 MHz 1H y 125 MHz
13

C polinuclear) using TMS like reference patron. Mass spectrophotometer Thermo,

model TQS (quadrupole triple). X-ray diffractometer “Bruker Kappa Apex II Duo”,
with double wavelength (Cu Ka(alfa) = 1.54; MoKa = 0.71) graphite monochromator
and area detector. UV-vis spectrometer Shimadzu model UV-3101PC with multi-

PT

chamber compartment and temperature control by Peltier effect. Fluorescence
measurements were made on a Shimadzu RF-5301PC Fluorospectrophotometer

RI

equipped with xenon lamp source and 1.0cm*1.0cm*4.0cm quartz cell and a thermostat

SC

bath.

NU

2.3. Synthesis of EFHB.

In a 100 mL round bottom flask, 1.24 g (4.62 mmol) of ethyl 4-hydrazinylbenzoate

MA

hydrochloride (1) was dissolved in 50 mL of distilled water under magnetic stirring.
Then, 460 µL (5.54 mmol) of furan-2-carbaldehyde (2) were added slowly, stirring for
about 20 min after the addition of the furan-2-carbaldehyde (2) (Scheme 1). The product

D

was collected by filtration, washed with two aliquots of 10mL 0.1 M HCl and then with

PT
E

20 % NaHSO3. The product was recrystallized in ethanol.[15]
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Scheme 1. Synthesis of EFHB.[16]

2.4. X-ray single-crystal crystallography.
Crystal data, data collection and structure refinement details are summarized in Table 1:
standard software was used throughout.[17–19] All H atoms were located in difference
maps. The H atoms bonded to C atoms were then treated as riding atoms in
geometrically idealised positions with C-H distances 0.93 Å (alkenyl, aromatic and
furanyl), 0.96 Å (-CH3) or 0.97Å (-CH2-), and with Uiso(H) = kUeq(C), where k = 1.5
4
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for the methyl group, which was permitted to rotate but not to tilt, and 1.2 for all other
H atoms bonded to C atoms. For the H atom bonded to atom N41, the atomic
coordinates were refined with Uiso(H) = 1.2Ueq(N), giving an N-H distance of 0.857(18)
Å.
Table 1. Crystal data and refinement for compound EFHB.

PT

EFHB
Crystal data
C14H14N2O3

Mr

258.27

Crystal system, space
group

Monoclinic, P21/c

Temperature (K)

296

a, b, c (Å)

8.3132 (2), 22.8241 (5), 7.4106 (2)

β (°)

106.359 (1)

V (Å3)

1349.17 (6)

Z

4

SC

Cu Kα

-1

NU

MA

Radiation type

0.75

Crystal size (mm)

0.51 × 0.48 × 0.18

Bruker APEX-II CCD
Multi-scan
SADABS (Bruker, 2009)

CE

Absorption correction
Tmin, Tmax

PT
E

Diffractometer

D

μ (mm )

Data collection

RI

Chemical formula

0.698, 0.874
7333, 1967, 1729

Rint

0.024

θmax (°)

59.6

(sin θ/λ)max (Å-1)

0.559

AC

No. of measured,
independent and
observed [I > 2σ(I)]
reflections

Refinement
R[F2 > 2σ(F2)], wR(F2), S

0.035, 0.098, 1.05

No. of reflections

1967

5
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No. of parameters

176

H-atom treatment

H atoms treated by a mixture of independent and constrained
refinement

max, min (e Å-3)

0.12, -0.19

2.5. Sample preparation and fluorescence quenching measurements.

PT

An assay solution were prepared by adding appropriate amount HSA in BrittonRobinson buffer pH = 7.4, the concentration of HSA was determined by UV-vis

RI

spectroscopy using its molar absorptivity ε280 = 35219 cm-1 M-1.[10,20,21] Ligand
EFHB was dissolved in 50% w/v polyethylene glycol (PEG 3350, see figure S1,

SC

Supporting information). A solution of 2500 µL of [HSA] = 5.0 x 10-6 mol L-1 was
added in a 1 cm cell and then titrated with successive additions of [EFHB] = 3.37 x 10-4

NU

mol L-1 (10 aliquots of 20 µL each until obtaining a volume of a total solution of 2700
µL). For each addition of EFHB the resulting solution was stirred for 5 minutes before

MA

measuring to reach equilibrium. Fluorescence emission spectra were measured at
different temperatures (292.15, 298.15, 304.15 and 310.15 K) and recorder in the
wavelength range 290-500 nm by exciting HSA at 283 nm. Excitation and emission slits

D

were 5 nm, the white correction was carried out by subtracting the emission spectrum

PT
E

form the medium used (Britton-Robinson buffer pH = 7.4).[10,21,22]
2.6. Molecular Docking.

CE

Molecular docking study was carried out using AutoDock Vina to calculate the possible
conformation of the ligand EFHB into HSA, and the graphical user interface Auto-

AC

DockTools (ADT 1.5.6).[23] The X-ray crystallography structure of HSA (PDB ID:
2BXM) it was obtained from the Protein Data Bank.[24] All water and ligands
molecules present in the biomolecule were removed. Polar hydrogen’s were added to
the protein structure using AutoDockTools (ADT). To recognize the binding sites in
HSA, docking was performed by using a box size of 12x22x12 Å with 1 Å grid
spacing.[24] Cluster analysis was applied on the docked results using a rmsd-tolerance
of 2.0 Å. ADT program was used to analyze amino acid residues involved in the
binding between HSA and EFHB, in the best binding site.[24,25] The structure of
EFHB was generated by ChemSketch package.[16] The geometry of the ligand was

6
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optimized without restriction of symmetry by semiempirical methods using the
Hamiltonian PM6 implemented in the software Gaussian03W (Version B.03).[19,20]
3. Results and discussion
3.1. Synthesis and spectroscopic characterization of EFHB.
The compound EFHB was synthesized from the condensation between the ethyl 4-

PT

hydrazinylbenzoate hydrochloride (1) and furan-2-carbaldehyde (2) (Scheme 1) as
described above (section 2.3). Yield = 80%, translucent light yellow plates, m.p. = 168-

RI

172 ºC. FT-IR (KBr) cm-1: 3259.5 (NH); 1701.1 (C=O); 1678.0 (N=C), 1598.9 (C=C);

SC

1305.7 (C-O-C); 1H NMR (DMSO-d6, 500 MHz): δ 1.28 (t, 3H, -CH3); 4.21 (q, 2H, CH2-); 6.57 (dd, 1H, J1 = 3.4, J2 = 1.4 Hz, H44); 6.73 (d, 1H, J = 3.4 Hz, H43); 7.03 (d,
2H, J = 8.8 Hz, H3 and H5); 7.74 (d, 1H, J = 1.4 Hz, H45); 7.81 (d, 2H, J = 8.8 Hz, H2

NU

and H6); 7.84 (s, 1H, N=C-H); 10.80 (s, 1H, N-H); 13C NMR (DMSO-d6, 125 MHz,): δ
14.3; 59.8; 110.5; 111.2; 111.9; 119.4; 129.7; 130.9; 143.8; 148.8; 150.2; 165.6; MS: M

MA

+ 1 = 259.11.
3.2. Structure description.

D

The non-H atoms in the molecule of EFHB (Figure 1) are very nearly coplanar. For the

PT
E

atoms in the portion between atom N41 and atom C13, the rms deviation from their
mean plane is 0.056 Å, with the maximum individual deviation being 0.1073 (14) Å for
atom C13: for the portion of the molecule between atom N41 and the furanyl ring, the

CE

rms deviation from their mean plane is only 0.018 Å, with the largest individual
deviation of 0.0238(13) Å for atom C42. The dihedral angle between the mean planes

AC

through these portions of the molecule is 7.16(7)o. The bond lengths and angles present
no unusual values: all are consistent with the corresponding values found for 22
examples of phenylhydrazones found in the Cambridge Structural Database (CSD) [28].
There is a short intramolecular C-H...O contact but this cannot be regarded as a
hydrogen bond as the C-H...O angle is only 100o, so that the interaction energy is likely
to be negligible [29]: in addition the ethyl O atom O12 is likely to be, at best, a rather
weak acceptor.

7
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RI

Figure 1. The molecular structure of EFHB showing the atom-labelling scheme.
Displacement ellipsoids are drawn at the 30% probability level.
The 2-thienyl analogue of EFHB (CSD refcode XIGHUS) is in fact isomorphous with

SC

EFHB, with a volumetric isostructurality index value of 97.7% [15,28,30]: in addition
XIGHUS turns out to exhibit exactly, the same pattern of supramolecular aggregation as

NU

found here for EFHB (see below). The supramolecular assembly of EFHB depends
upon three hydrogen bonds, one each of N-H...O, C-H...O and C-H...π(arene) types

MA

(Table 2).

Table 2. Parameters (Å, o) for hydrogen bonds and short intramolecular contacts.
D-H

H…A

C2-H2…O12

0.93

N41-H41...O11a

0.857(18)

C46-H46...O11a
C6-H6...Cg1b

D…A

Motif

2.7261(18) 100

S(5)

2.075(18)

2.9068(17) 164.2(13)

C(8)

0.93

2.57

3.3460(18) 141

C(10

0.93

2.94

3.6237(15) 131

-

D

D-H…A

PT
E

2.41

CE

Cg1 represents the centroid of the ring (C1-C6). Symmetry codes: a (1 + x, 0.5 - y, 0.5 + z), b (x, 0.5 - y, 0.5 + z).

AC

The N-H...O and C-H...O hydrogen bonds together link molecules related by a glide
plane to form a C(8)C(10)[R12(6)] chain of rings running parallel to the [201] direction
(Figure 2) [31]. In addition, the C-H...π(arene) hydrogen bond links molecules also
related by a glide plane into a chain running parallel to the [001] direction (Figure 3),
and the combination of these two chain motifs generates a sheet lying parallel to (010)
(Figure 4), but there are no direction-specific interactions between adjacent sheets.

8
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AC

CE

Figure 2. Part of the crystal structure of EFHB sowing the formation of a chain of rings
built from N-H...O and C-H...O hydrogen bonds and running parallel to the [201]
direction. Hydrogen bonds are shown as dashed lines and, for the sake of clarity, the H
atoms not involved in the motif shown have been omitted.

9
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AC

CE

Figure 3. Part of the crystal structure of EFHB sowing the formation of a chain built
from C-H...π(arene) hydrogen bonds and running parallel to the [001] direction.
Hydrogen bonds are shown as dashed lines and, for the sake of clarity, the H atoms not
involved in the motif shown have been omitted.
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CE

Figure 4. Part of the crystal structure of EFHB sowing the formation of a sheet built
from N-H...O, C-H...O and C-H...π(arene) hydrogen bonds and lying parallel to (010).
Hydrogen bonds are shown as dashed lines and, for the sake of clarity, the H atoms not
involved in the motifs shown have been omitted.
3.3. Interaction between EFHB and HSA: Influence on the fluorescence spectrum.

AC

Fluorescence spectroscopy is widely used to determine the nature of the interactions
between ligands and biomolecules. This technique allows determining the mechanism
by which the HSA-Ligand association is generated, distances bond of the complex, the
magnitudes of the association constants and thermodynamic parameters.
HSA possesses within its molecular structure three kinds of residues of amino acids or
fluorophores: one residue tryptophan (Trp), eighteen residues of tyrosine (Tyr) and
thirty-one residues of phenylalanine (Phe). The intrinsic fluorescence of the HSA is
mainly due to the Trp residue, this biomolecule possesses only one (Trp214), which is
located in the hydrophobic cavity, subdomain IIA (site I). Fluorescence of Tyr is almost
11
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completely quenched for many proteins in their native states because it is dissociated or
in the presence of amine groups, carboxylate groups, carboxylic acids or Trp residues.
Phe possesses the property of emitting fluorescence, however, lacks practicality because
it possesses a very low quantum yield.[8,9]
Binding of EFHB to HSA was monitored by the change in intrinsic fluorescence
phenomenon of HSA (fluorophore) in the absence and presence of EFHB (quencher). In

PT

the present investigation, HSA was excited at a wavelength 283 nm (λex = 283 nm) and
the maximum fluorescence emission (λmax) was observed at 341 nm (Figure 5). With

RI

increasing concentrations (0-2.5 x 10-6 mol L-1) of EFHB, the fluorescence intensity of

SC

HSA (5.0 x 10-6 mol L-1) was gradually decreased or quenched.[10]

All the fluorescence data are corrected for absorption of exciting light (283 nm) and

NU

emitted light (341 nm) according relationship:

MA

𝐹𝑐 = 𝐹𝑚 𝑒 (𝐴1 +𝐴2 )/2

(1)

Fc and Fm are the corrected and measured fluorescence, respectively. A1 and A2 are the
absorbance

of

EFHB

at

excitation

and

emission

wavelength,

D

respectively.[32–34]

wavelength

PT
E

Figure 5 shows the fluorescence emission spectrum of the HSA in the absence
(spectrum A) and in the presence of EFHB at different concentrations (B-K spectra) and
298.15 K of temperature. HSA has a fluorescence emission spectrum with a maximum

CE

at wavelength of 341 nm in the absence of the ligand, in this graph we can watch clearly
a decrease in the intensity of the intrinsic emission fluorescence of HSA, with

AC

quenching HSA fluorescence a hypsochromic displacement of the emission band of 341
at 316 nm is produced. In addition, a splitting of the emission band is generated which
results in the formation of a new emission band at 387 nm.

12
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Figure 5. Effect of EFHB on the fluorescence emission spectrum of HSA in BrittonRobinson buffer of pH = 7.4 at 298.15 K. The concentration of EFHB: A) 0.0 mol L-1,
B) 2.7 x 10-6 mol L-1, C) 5.3 x 10-6 mol L-1, D) 7.9 x 10-6 mol L-1, E) 1.0 x 10-5 mol L-1,
F) 1.3 x 10-5 mol L-1, G) 1.5 x 10-5 mol L-1, H) 1.8 x 10-5 mol L-1, I) 2.0 x 10-5 mol L-1,
J) 2.3 x 10-5 mol L-1, K) 2.5 x 10-5 mol L-1; the concentration of HSA is 5.0 x 10-6 mol
L-1.
Abou-Zied and Al-Lawatia, reported the characterization of the binding site of a series

D

of hydroxyquinolines (HQs) in HSA and found that these kinds of systems presented

PT
E

similar spectral behaviors to those found in this work; Displacements and splitting of
emission band of HSA were evidenced. According to the researchers, these findings
were generated as a consequence of selective quenching of Trp214 in HSA by the HQs

CE

ligands, these quenching in the emission fluorescence produce the unmasking of the
fluorescence of the Tyr residues.[9]

AC

HSA has in its molecular structure eighteen residues of Tyr, it is important to note that
only one of these residues Tyr (Tyr263) and Trp214 are in the pocket IIA (site I). These
investigators estimated the distances between Tyr residues and Trp214 from the
crystalline structure of the HSA, finding that the distances between Tyr-Trp residues are
in the range of 13-35 Å and about 17 Å for the distance Tyr263-Trp214. The critical
distance at which the 50% energy transfer takes place is 15 Å. Therefore, the probability
that an energy transfer occurs between the Tyr263-Trp214 residues is high. Thus, upon
selective quenching of Trp214, fluorescence emission of the Tyr263 residue will no

13
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longer be masked and its emission band at a lower wavelength with respect to the
maximum emission band of the native HSA can be visualized.[35–37]
The results obtained in this work, suggest that the unmasking of the Tyr263
fluorescence takes place at a wavelength of 316 nm (Figure 5), as a consequence of the
selective quenching of the fluorescence emission of Trp214 in the HSA-EFHB

PT

system.[8]
3.4. Synchronous fluorescence study of EFHB on the Fluorescence Spectrum of

RI

HSA.

SC

Synchronous fluorescence is utilized to characterize the interaction of ligands with
proteins; with this technique, we can obtain information about the molecular
microenvironment of the chromophores in the biomolecule. Generally, the difference

NU

between the emission wavelength and the excitation wavelength (Δλ), reflects the
spectral nature of the chromophores. When Δλ = 60 nm, the synchronous fluorescence

MA

spectrum of HSA is characteristic of the Trp residue, whereas when Δλ = 15 nm is
characteristic of the emission of Tyr residues.[38]

D

The intensities of the fluorescence emission spectra for the Trp and Tyr residues in the

PT
E

synchronous fluorescence assays are quenched when the concentration of the EFHB
ligand gradually increases. Maximum in the emission spectrum of Trp residue changes
from 283 to 280 nm (Figure S2, Supporting information), and the maximum emission

CE

spectrum of the Tyr changes slightly from 288 to 286 nm (Figure S3, Supporting
information), these spectral changes towards shorter wavelengths (hypsochromic effect)

AC

suggest that the polarity in the environment of Trp and Tyr decreases, making the cavity
that harbors them more hydrophobic and they are less exposed to the solvent when the
HSA comes into contact with the EFHB ligand.[39,40]
3.5. HSA fluorescence quenching mechanism.
The Stern-Volmer equation (Equation 2) it was employed to determine the HSA
quenching mechanism in presence of the ligand EFHB.[41] Equation 2 describes a
straight line when graphing the F0/F ratio as a function of [Q] at different temperatures;
this implies that the mechanism of quenching the intrinsic fluorescence of a

14
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biomolecule occurs through a homogeneous process, a static or dynamic
mechanism.[20,41]
𝐹𝑜
= 1 + 𝐾𝑆𝑉 [𝑄] = 1 + 𝑘𝑞 𝜏𝑜 [𝑄]
𝐹

(2)

F0 and F are the fluorescence intensities of the biomolecule in the absence and presence
quencher respectively, KSV is the Stern-Volmer quenching constant, [Q] is the molar

PT

concentration of quencher, kq is the quenching rate constant of biological
macromolecule, τ0 is the average excited state lifetime of HSA without quencher, that is,

RI

5.78 x 10-9 s.[20] By plotting the relation of the fluorescence F0/F against the [Q] a

SC

straight line is obtained whose slope corresponds to the value of KSV (Figure 6).[10,22]
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Figure 6. Stern-Volmer plots of EFHB at various temperatures.
In order to define the HSA quenching mechanism, the dependence of KSV on the
temperature it was evaluated, in the Table 3 it is observed that the value of KSV
decreases with the increase of the temperature, this tendency can also be observed in
Figure 6. Therefore, the mechanism of quenching of the HSA fluorescence in the
presence of EFHB is static, and is due to the formation of a complex, if the temperature
increases, the value of KSV will decrease because of the weakening of the non-specific
and specific van der Waals forces place to the formation of the complex. On the other
hand, the values of the quenching bimolecular constants kq can be estimated from to the
relation kq = KSV/τ0. This values of kq exceed the value of the controlled collision
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constant, which is 2.0 x 1010 M-1 s-1.[20,34] In the present work, the value of kq for
HSA-EFHB system is greater than the limiting diffusion rate constant of the
biomolecule, which indicates that the probable quenching mechanism of HSA in the
presence of EFHB is initiated by ground state complex formation rather than by
dynamic collision (Table 3).[22,42]

298.15 K

KSV (Stern-Volmer constant, M-1)

13.81 ± 0.47 x 104

12.63 ± 0.20 x 104

kq (bimolecular quenching rate
constant, M−1 s−1)

2.39 ± 0.08 x 1013

Ka (binding constant, M−1)

10.05 ± 0.33 x 104
1.11 ± 0.01

ΔG (Gibbs free energy change, kcal
mol−1)

-6.67 ± 0.03

310.15 K

12.31 ± 0.11 x 104

10.63 ± 0.08 x 104

2.18 ± 0.03 x 1013

2.13 ± 0.02 x 1013

1.84 ± 0.01 x 1013

9.15 ± 0.26 x 104

6.91 ± 0.26 x 104

9.35 ± 0.84 x 104

1.10 ± 0.01

1.17 ± 0.01

1.10 ± 0.01

-6.76 ± 0.03

-6.72 ± 0.04

-7.05 ± 0.05

SC

MA

n (binding stoichiometry, HSA:
EFHB)

304.15 K

RI

292.15 K

NU

Fluorescence quenching
experiments parameters

PT

Table 3. Binding parameters of HSA-EFHB complex at 292.15, 298.15, 304.15 and
310.15 K obtained from fluorescence quenching experiments.

The data are the average with standard deviation of three independent trials.

D

UV-Vis absorption spectroscopy technique is a simple method to determine structural

PT
E

changes due to the formation of complexes. In order to confirm the results obtained by
Stern-Volmer and quenching bimolecular constant (Table 3), the UV-vis absorption
spectra of the HSA, EFHB and the HSA-EFHB complex were determined (Figure
7).[4,22,42,43] Dynamic mechanism only affects the excited states of the fluorophores,

CE

therefore no change in the absorption spectrum is expected, contrary to this the
formation of a complex that gives rise to a quenching by mechanism static should

AC

manifest itself with changes in the absorption spectrum of the biomolecule.[35,37]
Figure 7 shows the HSA absorption spectrum (spectrum A, maximum absorbance at
280 nm), the resulting spectrum from the subtraction of the EFHB spectrum (spectrum
C) to the absorption spectrum of the HSA-EFHB complex (Spectrum B), that showed
an increase in the absorption intensity over the range of the absorption spectrum studied
(250 to 500 nm, spectrum D) with respect to the spectrum of HSA in the absence of
EFHB. Spectral changes found by the UV-Vis spectroscopic technique confirm the
presence of complex formation. Therefore, the process of quenching the fluorescence of
HSA interacting with EFHB is mediated primarily by a static mechanism.[4,5,44–46]
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Figure 7. UV-vis absorption spectra of A) HSA, B) HSA + EFHB, C) EFHB and D)
(HSA + EFHB) – EFHB; [HSA] = [EFHB] = 5.0 x 10-6 M.
3.6. Association constant and number of interaction sites.

MA

As discussed above, the observed fluorescence quenching is typical static quenching, a
modified Stern-Volmer equation (Equation 3) is applied to determine the affinity

D

constant (Ka) for the system HSA-EFHB.[44,47]

PT
E

𝐹𝑂
𝐹𝑂
1
1
1
=
=
+
𝛥𝐹
𝐹𝑂 − 𝐹
𝑓𝑎 𝐾𝑎 [𝑄]
𝑓𝑜

(3)

Here, fa stands for the fraction of accessible fluorescence and Ka is the effective

CE

quenching constant. F0 and F are the corrected emission intensity of HSA in the absence
and presence of quencher [Q] respectively, F0/ΔF is linear with the reciprocal value of

AC

the quencher concentration [Q] (Figure 8), with slope equal to the value of (faKa)-1. Ka
can be obtained from the intercept and slope. The corresponding values of Ka are listed
in Table 3.[47] The Ka values for EFHB are 104 L mol-1, suggesting very strong binding
to HSA at the range of temperature studied. The Ka values obtained in the present study
are consistent with previous literature reports to systems HSA-Hydrazones.[4–7]
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Figure 8. The plots of F0/F Vs 1/[Q] for EFHB binding with HSA at various
temperatures.

MA

The number of bound complex HSA-EFHB (n) were determined by plotting the double
log graph of the fluorescence data using.[47] Plotting log((F0 – F)/F) Vs log[Q]
according to equation 4, it was obtained a straight line whose slope denotes the number

D

of interaction sites that may have in the formation of the HSA-EFBH complex (Figure

PT
E

9).[42,43] The number of interaction sites for HSA-EFHB complex at different
temperatures is approximately n = 1 (Table 3), meaning that only one molecule of the

CE

EFHB binds to one HSA molecule.[47]
𝐹𝑂 − 𝐹
= 𝑙𝑜𝑔𝐾 + 𝑛𝑙𝑜𝑔[𝑄]
𝐹

(4)

AC

𝑙𝑜𝑔
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Figure 9. The plots of log((F0 - F)/F) Vs log[Q] for EFHB binding with HSA at various
temperatures.
3.7. Thermodynamic parameters.

MA

Thermodynamic association parameters can be estimated by Gibbs-Helmholtz
(Equation 5) and Van't Hoff isochore equations (Equation 6); these allow obtaining

D

information about the magnitudes and the nature of the bond in the formation of ligandbiomolecule complexes. There are mainly four types of non-covalent interactions in the

PT
E

complex formation between small molecules and biomolecules, as such as hydrogen
bonds, van der Waals forces, hydrophobic and electrostatic interactions.[32,48]

AC

CE

Δ𝐺 = Δ𝐻 − 𝑇Δ𝑆 = −𝑅𝑇𝑙𝑛𝐾𝑎
ln (

K a2
1
1 Δ𝐻
)= ( − )
K a1
𝑇1 𝑇2 𝑅

(5)
(6)

ΔG, ΔH and ΔS are the free energy of Giggs, enthalpy and entropy respectively, Ka is the
constant of association to the temperature T and R is the constant of the gases. Ross and
Subramanian reported an analysis of the thermodynamic parameters associated with the
different types of interaction that can take place in the formation of ligand-biomolecule
complexes.[48] The authors showed that, when:


ΔH < 0 or ΔH ≅ 0 and ΔS > 0, the electrostatic forces are mainly involved in the
complex formation process.
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ΔH < 0 and ΔS < 0, the interaction is dominated mainly by van der Waals forces
or by hydrogen bonds.



ΔH > 0 and ΔS > 0, the main interaction forces that give rise to the formation of
the complex are the hydrophobic ones.

In this work, all HSA-EFHB association processes in the temperature range studied
were spontaneous (Table 3). In the process of formation of the EFHB-HSA complex

PT

from 292.15 to 298.15 K it presented a ΔH = -2.72 kcal mol-1 and ΔS = 13.55 cal mol-1
K-1, to the process from 298.15 to 304.15 K the values of ΔH was -5.50 kcal mol-1 and

RI

ΔS = 4.02 cal mol-1 K-1, therefore, the process to the formation of the complex was more

SC

exothermic and with less favorable steric factors to the previous binding process
(292.15-298.15 K), and into the increased temperature from 304.15 to 310.15 K, the
values of ΔH and ΔS were -0.72 kcal mol-1 and 20.43 mol cal-1 K-1 respectively, for this

NU

case, the bonding process happened to be less exothermic and to be favored or sterically

MA

driven.[10,32,48]

Table 4. Thermodynamic parameters of the HSA-EFHB interaction at different
temperatures.

D

292.15-298.15
298.15-304.15
304.15-310.15

ΔH (kcal mol-1)
-2.72
-5.50
-0.72

PT
E

Temperature (K)

ΔG (kcal mol-1)

ΔS (cal mol-1 K-1)

-6.76
-6.72
-7.05

13.55
4.02
20.43

CE

According to Ross and Subramanian, the association between HSA and EFHB in the
temperature range studied is mainly mediated by electrostatic interactions, ΔH < 0 and ΔS

AC

> 0.[48]

3.8. Molecular modeling.
In this study, molecular docking was used to predict the binding constant and binding’s
site on HSA-EFHB complex to confirm the results of the experimental measurements
described earlier, and to identify the main amino acid residues as well as the principal
forces involved in the association HSA-EFHB. The best conformation of ligand with
lowest binding-free energy (-7.32 kcal mol-1) was in the subdomain IIA (Figure 10).
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D

Figure 10. a) Union site, b) Specific and non-specific interactions and c) Interactions ππ of EFHB-HSA complex.

PT
E

Molecular docking results also suggested hydrophobic and electrostatic interactions as
the main binding forces, which is in accord to the experimental data. The complex
HSA-EFHB is stabilized by stacking π...π with the residue Trp214 (distance 3.703 Å).

CE

On the other hand, EFHB is stabilized into HSA by hydrophobic interaction with the
residues Lys199, Ser202, Ala210 and Ala215, Phe211, Arg218 and Leu238 (Figure 12).
The calculated binding Gibbs, was ΔG = -7.32 kcal mol-1; while the experimental data

AC

was -6.79 kcal mol-1, this can be attributed to the differences between the X-ray
structures of the protein from crystals to the aqueous system used in this study.

6. Conclusions
This paper describes the synthesis and characterization of the substituted
phenylhydrazone derivative EFHB using different spectroscopic techniques, along with
a single-crystal X-ray structure, and the reaction between of HSA and EFHB which was
investigated using spectroscopic fluorescence and molecular modeling methods. The
21
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intrinsic fluorescence of HSA was quenched by EFHB with static quenching
mechanism. The association constants, number of binding sites and thermodynamic
parameters were determined at different temperatures. In addition, binding site was
located at the subdomain IIA of HSA. The binding study of drugs with proteins is of
great importance in pharmacy, pharmacology, and biochemistry. This study is expected
to provide important insight into the interactions of the physiologically important

PT

protein HSA with drugs.
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Highlights (EFHB)

.- A new phenylhydrazone derivative was synthesized.
.- The influence of the EFBH on the emission spectrum of the HSA was studied.
.- The HSA-EFHB association occurs through a static mechanism or complex
formation.
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.- The binding site of EFHB in the HSA was studied using molecular modeling.
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