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Timolol maleate (TM), a beta-blocker drug, is used in treating conditions related to arterial
hypertension. Exploring the possible interaction between TM and plasma proteins is crucial for
enhancing the drug potency. This interaction study is done to examine the impact of TM on the
comportment of bovine plasma Fibrinogen (FB) by utilizing spectroscopic and computational
techniques such as fluorescence spectroscopy, circular dichroism (CD), and molecular docking.
Employing fluorescence spectroscopy at temperatures 290 K, 298 K, and 308 K disclosed that TM used
hydrophobic interactions to quench the intrinsic fluorescence of FB and show a hypochromic shift. The
values of the binding and quenching rate constant specify the strong interaction between the TM and
FB. The thermodynamic parameters such as AH and AG unveil the existence of hydrophobic forces. The
CD demonstrates the influence of TM on the secondary structure of FB. Molecular docking revealed
the theoretical evaluation of FB and TM binding. The investigation provides insightful information on
stability, pharmacokinetics and bioavailability of TM, which is crucial for maximizing its therapeutic
value.
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Abbreviations

FB Fibrinogen

TM  Timolol Maleate
CD Circular Dichroism

The large size and complicated structure characterize the complex fibrous glycoprotein Fibrinogen (FB), which
consists of three pairs of polypeptide chains held together by 29 disulfide links. Alpha-helical coiled coil rods
connect the globular domains at both extremities and the center, spanning 45 nm in length!'~>. FB is found in
blood at a concentration of 1.5-4.0 g/L and is the third major plasma protein after immunoglobulin and serum
albumin. Fibrinogen is a soluble glycoprotein arranged in a dimer that has been extensively studied for its role
in blood clotting. Aa, Bp, and y chains in humans are commonly found to have 610, 461, and 411 amino acids,
respectively. Researchers have studied the geometry of FB and its organization into domains or independently
folded components using a variety of physicochemical and structural techniques. This glycoprotein is vital for
various biological processes, including haemostasis, inflammation, wound healing, and angiogenesis. Studies
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have revealed FB’s significant role in cellular migration, wound organization, and the enhancement of wound
strength and stability throughout the healing process®~'°.

In the realm of traditional pharmacology, beta blockers function as antagonists to beta-adrenergic receptors,
which play a vital role in regulating numerous physiological processes, including metabolic functions, central
nervous system activities, blood pressure, heart rate, and airway responsiveness'!1>. These medications are
typically classified into two main groups: selective and non-selective beta-blockers. Timolol maleate (TM)
exemplifies a non-selective beta-blocker, with the chemical composition [(4-morpholino-1,2,5-thiadiazol-3-yl)
oxy]-1-(tert-Butyl-amino)-3- [1-to-2-propanol maleate (salt) ratio. This compound has a molecular weight of
432.49 g/mol and is represented by the chemical formula C,,;H,,N,0,S-C,H,O,. While insoluble in ether and
cyclohexane, TM readily dissolves in water, alcohol, and methanol. It exhibits limited solubility in propylene
glycol and chloroform and melts within the range of 202-203 °C!*-16, TM affects both beta 1 and beta 2 (beta-
adrenergic receptors) without significant direct intrinsic sympathomimetic, myocardial depressive, or local
anaesthetic effects. Its effectiveness in reducing intraocular pressure makes it a common prescription for patients
with open-angle and aphakic glaucoma. Additionally, TM is utilized in the management of hypertension and for
reducing cardiovascular mortality and reinfarction risk in clinically stable patients who have survived the acute
phase of myocardial infarction!”!8. Figure 1 demonstrates the molecular structure of TM.

Drug-plasma protein binding provides crucial insights into a drug’s pharmacokinetic and pharmacodynamic
characteristics, as well as its distribution patterns. The binding phenomenon of TM and FB may result in
considerable alteration in the apparent volume of distribution and hepatic and renal clearance; thus, the free-to-
total drug ratio in plasma alters without affecting the pharmacodynamics'. Studies on protein-drug interactions
are very significant in clarifying the molecular mechanism involved in medication potency, target selectivity, and
side effects. Several interactions include the binding of medicinal substances to specific binding sites of proteins
that alter many biological activities and protein structures, which helps researchers predict the off-target effects of
medicines and improves the bioavailability of drugs and their efficacy?*?!. To determine if FB acts as an off-target
binding partner for TM, which might lead to changes in drug distribution or abrupt biological ramifications,
such as amplification of coagulation processes. We used circular dichroism (CD), fluorescence, and molecular
docking as experimental techniques that provide insight into the binding mechanism of TM and FB, which is
important for assessing TM’s interaction in intricate biological systems?>-24. This research is crucial not only
for enhancing drug efficacy but also for filling a fundamental knowledge gap regarding how TM interacts with
plasma proteins, particularly FB and how such interactions affect drug pharmacokinetics, bioavailability and
efficacy. Fibrinogen, an important constituent of the coagulation system, is not only extremely prevalent in
circulation but also plays a major role in drug binding, stability and possible side effects. Justifying this emphasis,
investigation of TM-FB interactions offers novel insights into drug behaviour in physiological environments,
which can be utilized for the optimization of drug formulations, reducing adverse effects, improving targeted
drug delivery and enhancing therapeutic outcomes.

Methods

Materials

Fibrinogen from bovine plasma- 65-85% protein (=75%, Sigma-Aldrich) and Timolol maleate were acquired
from Sigma-Aldrich Chemical Co. The study utilized exclusively analytical-grade reagents, along with deionized
water throughout. Stock solutions of TM and FB were prepared by dissolving precise quantities of each solid
powder in an aqueous phosphate buffer solution. The phosphate buffer (0.05 M, pH 8.4) was created by
combining sodium dihydrogen orthophosphate and disodium hydrogen orthophosphate with double deionized
water to the appropriate concentration, followed by homogenization for subsequent analysis.

0.

Fig. 1. Structural visualization of Timolol Maleate.
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Methodology

Fluorescence spectroscopy

A Shimadzu 5301PC fluorescence spectrophotometer, featuring a xenon lamp and 10 nm spectral width, was
employed to measure fluorescence intensity. The analysis utilized a quartz cell containing 3.0 mL of accurately
calibrated fibrinogen solution (10x 10~° mol/L). During titration, the TM drug solution (50 x 10-® mol/L) was
introduced incrementally. A 2.5 uL micro-syringe enabled precise injection of the drug solution into the quartz
cell. Excitation wavelengths for fibrinogen started at 280 nm, and slit widths of 5 nm were used in steady-state
fluorescence spectrum tests with emission wavelengths ranging from 300 to 500 nm.

Circular dichroism spectroscopy

A Jasco J-1700 spectrophotometer with a 2 mm path length and continuous nitrogen flow was used to perform
CD measurements of fibrinogen both with and without TM. The study was carried out in the 250-350 nm range
at a speed of 50 nm/min. To create stock solutions, 10uM fibrinogen and 10uM TM were added individually to
0.05 M buffer. To get to a final concentration of 1.25 uM, both solutions were diluted. At molar ratios of 1:3 and
1:5, fibrinogen and TM aggregates were investigated. At room temperature (25 °C), secondary complex variation
analysis and protein a-helicity evaluation were carried out.

Molecular docking method

Molecular docking investigations were conducted using the Glide program within the Schrodinger software suite.
The rental application was employed for the FB and TM terminals. A Van der Waals radius of 1.0 A and default
parameters were utilized in generating the receptor grid. Ligand-receptor interactions were then computed using
these grids through XP ligand docking in Glide, with consideration given to the smallest hydrogen bond. The
FB structure (PDB ID-4F5S) was obtained from the Protein Data Bank (PDB). The protein structure underwent
optimization via Schrodinger’s Protein Preparation Wizard module before docking. Preprocessing involved
selecting additional bonding sequences before hydrogen addition. Heteroatoms were ionized at physiological
pH to assess medication solubility and protein accessibility. The Schrédinger Ligure algorithm facilitated the
conversion of 2D ligand structures to 3D. Energy minimization of the ligand structure was achieved using the
OPLS3 force field. Low-energy binding complexes were utilized in the docking studies.

Result and discussion

Fluorescence investigations of FB and TM

Studies using fluorescence spectroscopy are essential for elucidating the binding interactions between
medications and biomolecules. When excited at 280 nm, FB alone displays an absorption peak around 350 nm.
As the concentration of the drug (TM) increases, a consistent decrease in fluorescence emission intensity is
observed. Prior research indicates that these fluorescence variations correlate with the number of disulfide bonds
broken after irradiation, with a reduction in disulfide bonds leading to enhanced fluorescence intensity?. To
comprehend the fluorescence mechanism of TM-FB interactions, investigations were conducted at 290 K, 298 K,
and 305 K which are shown in Figs. 2, 3 and 4. The quenching process can be explicated through Eq. (1) i.e.
Stern-Volmer equation, derived from further data analysis from the graph shown in Fig. 5%.

Fo
F

=14+ Ksv [Q] =1+ K, [Q] (1)

K
Ky = =% )

Here, [Q] denotes the quencher concentration, K_ represents the FB quenching rate, the unquenched
fluorophore lifespan is denoted by 7, while the Stern-Volmer constant is represented by K_. FB’s fluorescence
intensities with and without TM are represented by the letters F and FO, respectively. Equation (2) was used
to determine K_ values, assuming a protein fluorescence lifetime of 108 s. A K value below 1078 s indicates
dynamic quenching, while a value exceeding 10~ s suggests static quenching?”. Elevated temperatures increase
molecular mobility, enhancing dynamic collision and quenching. This results in a temperature-dependent
increase in K_, characteristic of dynamic quenching?. Conversely, if rising temperatures destabilize initial state
complex formation, K  decreases with temperature, suggesting a predominant static quenching mechanism?.
The binding characteristics of FB-TM complexes, including the binding constant (K,) and number of binding
sites (n), were calculated based on the assumption that specific binding sites exist in FBC.

Fo —

log F_ log K + nlog[C] (3)

The binding constant, K, and the number of binding sites on each protein molecule, n, are included in Eq. (3).
A graph in Fig. 6 was produced at three different temperatures (290 K, 298 K, and 308 K) to calculate the values
of K, and n. A linear correlation between log k and 1/T is evident from Fig. 7. The slope and intercept of this plot
were used to determine AH and AS, which are reported in Table 2. Additionally, Eqs. (4) and (5) were used for
the calculation of the Gibbs free energy.

AH AS
_ 4
InK, = + (4)
AG =RTIn K, (5)
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Fig. 2. Emission spectra of FB at temperature 290 K with and without TM employing fluorescence
spectroscopy.
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Fig. 3. Emission spectra of FB at temperature 298 K with and without TM employing fluorescence
spectroscopy.
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Fig. 4. Emission spectra of FB at temperature 308 K with and without TM employing fluorescence
spectroscopy.

Where T is the temperature (290 K, 298 K, and 308 K), R is the gas constant (1.987 calmol'K™!), and K, is the
binding constant. For the interaction between TM and FB, the binding parameters are shown in Tables 1 and 2.

A negative value for AG indicates that the interaction process is spontaneous®!.

Circular dichroism investigations of FB and TM

Circular Dichroism (CD) serves as a highly sensitive spectroscopic approach for investigating protein secondary
structures and examining polypeptide chain conformations during ligand binding®. The plasma glycoprotein
FB, characterized by its substantial a-helical content, displays CD spectra with distinctive negative peaks at
208 nm and 222 nm, validating its a-helical secondary structure. Studies by Razumovsky et al. have shown that
FB is composed of 42% helices, 30.8% random coils, 7% sheets, and 20% turns*. These spectral signals facilitate
quantitative analysis to estimate a-helical content and track conformational changes when proteins interact with
small molecules or external agents**¥. The binding of TM to FB may induce shifts in the intensity or position
of the negative peaks at 208 and 222 nm, potentially signifying a gradual reduction in a-helical content. The
observation of two negative bands, corresponding to the n-n* and n-m* amide transitions of the polypeptide
chain, confirmed the a-helical structure of the protein®*®’. Figure 8 illustrates two distinct bands near 208 and
216 nm, characteristic of FB’s alpha-helical secondary structure.

The introduction of FB and TM at molar ratios of 1:3 and 1:5 resulted in significant changes in peak shapes
and positions, indicating the onset of protein denaturation. Analysis of the FB spectra revealed a protein
containing both a-helical and -sheet components. Structural alterations are indicated by a decrease in a-helix
content, from the Table 3 it was concluded that the a-helix content in native FB is 18% but when the molar
concentration of TM is added to the native FB the a-helix content is decreased to 1.1% and 0.1%, as evidenced
by changes in the ellipticity of negative peaks. This analysis, conducted using BESTSEL software and depicted in
Fig. 9a-c, quantifies the relative proportions of these structural elements.
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Fig. 5. The Stern-Volmer plots of fluorescence quenching spectra of FB and TM complex at three different
temperatures.

Molecular Docking investigations of FB and TM

The process of pinpointing and anticipating viable binding sites within receptor protein molecules plays a
crucial role in validating theoretical methodologies®®. Molecular docking investigations offer a robust theoretical
framework for elucidating complex binding mechanisms. Three primary domains make up the structure of
FB: two peripheral D domains and a core E domain*-*!. Analysis of the docking scores for TM-FB complex
interactions provides crucial insights into binding dynamics. The magnitude of the docking score correlates
positively with the stability of protein-ligand complexes*>**.

Timolol, one of the two constituents in TM (timolol and maleate), exhibited superior binding properties and a
higher affinity for FB. As shown in Figs. 10 and 11, Two-dimensional and Three-dimensional analyses elucidated
the mechanisms through which TM interacts with FB, involving hydrophobic contacts, hydrogen bonding, and
Van der Waals forces**=*7. TM was observed to interact near the coiled (E5 region). As illustrated in Fig. 10,
TM forms three hydrogen bonds with the residues SER N:50, GLY Q:51, and CYS Q:48, with bond distances of
2.36 A, 2.35 A, and 2.18 A, respectively. The binding process is mediated by interactions with specific residues,
including THR21, THR22, THR85, CYS19, CYS48, CYS83, GLY86, PRO20, PRO49, and PRO84. Functioning
as the primary binding component of TM, timolol demonstrates an optimal active binding configuration, as
evidenced by its total binding score of — 7.136 kcal/mol. These findings underscore the ionic nature of TM’s
strong binding capacity, which facilitates the interaction between TM and FB.

Conclusion

The study explored the FB-TM interaction at the molecular level under physiological conditions using circular
dichroism, fluorescence emission, and molecular docking methods. According to experimental results, TM
binding to FB caused a hypochromic shift, and TM may have quenched fibrinogens natural Trp residues
through dynamic fluorescence quenching. Stern-Volmer constants and binding constants were found to be
(5.026 x 10° Lmol~!, 5.143 x 10> Lmol~!, 2.465 x 10> Lmol~!) and (1.45 x 10> Lmol !, 6.05 x 10> Lmol 1, 2.798 x 10°
Lmol™!) at 290 K, 298 K, and 308 K, respectively, indicating strong TM-FB interaction. Positive AH and AS
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Fig. 7. Van't Hoff’s plot illustrating FB and TM interaction.

Stern-Volmer constant (Kg,,) | Quenching constant (Kq)
Temperature | Lmol™! Lmol's
290 K 5.026x 103 5.026x 10!
298 K 5.143x10° 5.143x 10"
308 K 2.465x% 103 2.465x 10!

0.00340

0.00345

Table 1. Fluorescence spectroscopy was employed for obtaining thermodynamic parameters at temperatures
0f 290 K, 298 K, and 308 K.

Binding constant (K,) | binding sites | Gibbs’s energy change (AG) | AH AS
Temperature | Lmol! (n) Kcal/mol Kcal/mol | Kcal/mol
290 K 1.45x10? 0.6 - 6.609 66.963 253.81
298 K 6.05x10? 0.7 - 8.736 66.963 253.81
308 K 2.798 x 103 0.9 -11.181 66.963 253.81

Table 2. Fluorescence spectroscopy was employed for obtaining thermodynamic parameters at temperatures
0f 290, 298, and 308 K.
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Fig. 8. CD Spectra of FB and TM at two different concentration ratios 1:3 and 1:5 at pH 8.4.

a-helix
Ratio of FB: TM ratio | Helix(regular) | Helix (distorted)
1:0 8.3 9.7
1:3 1.1 0.0
1:5 0.1 0.0
B-sheets
Ratio of FB: TM ratio | Antiparallel Parallel | Turn | Others
1:0 18.9 2.8 153 | 45.1
1:3 39.2 0.0 13.8 | 459
1:5 389 0.0 144 | 46.5

Table 3. a-helical and p-sheet content at different ratios of concentration of FB and TM.
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TM at concentration ratios 1:5 (pH 8.4) using BESTSEL software.
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Fig. 10. 2-Dimensional Representation of FB protein in (central part) E5-region highlighting the binding sites
that interact with the Timolol.

Fig. 11. 3-Dimensional Representation of FB protein in (coiled part) E5-region highlighting the binding sites
that interact with the Timolol.
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