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ARTICLE INFO ABSTRACT
Keywords: Buspirone is an anxiolytic drug that plays a significant role in managing anxiety disorders and
Buspirone alleviating their symptoms as well. Several techniques were utilized to study the interaction
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Molecular docking

between buspirone and human serum albumin under physiological conditions, including UV-vis
absorption spectroscopy, fluorescence emission spectroscopy, circular dichroism, Fourier trans-
form infrared spectroscopy (FT-IR), equilibrium dialysis, and molecular docking. The results of
this study demonstrated that buspirone quenched the intrinsic fluorescence of human serum al-
bumin through a mixed mechanism. Moreover, the binding constants (Kp), the quenching con-
stants (Kgy), and thermodynamic parameters were calculated at various temperatures. The
binding process of buspirone to human serum albumin showed a cooperative binding pattern,
confirmed by the Scatchard diagram and Hill coefficient. Molecular docking results showed that
buspirone interacted with the IIA, IIIA, and IIB subdomains of human serum albumin and slightly
changed its conformation. It was also found that hydrophobic forces played a major role in this
interaction. This study consequently proves that BSH as a drug can be transported by blood al-
bumin. Additionally, due to its ratiometric response in absorbance upon binding to a biological
target, HSA can be used as a molecular probe to follow biomolecular interactions.

1. Introduction

Buspirone hydrochloride (BSH), an azaspirodecanedione compound, is an anxiolytic drug and partial serotonin receptor agonist
used to manage anxiety disorders and alleviate symptoms [1,2]. It seems that its anxiolytic effects are related to its effect on the
neurotransmitter serotonin (5-HT) [3]. It should be mentioned that treatment with this drug is associated with several common side
effects, such as headache, dizziness, nausea, and difficulty concentrating [4].

Albumin is the main component of plasma proteins and its structure is suitable for binding and transporting ligands [5]. It is widely
known that drugs can bind to human serum albumin (HSA), producing both therapeutic effects and side effects. HSA, which accounts
for approximately 60 % of all plasma, has a crucial function in the transport of various substances including drugs [6,7]. The binding of
the drug to HSA may affect its metabolism and its distribution [8,9]. HSA is composed of a single polypeptide chain of 585 amino acids
with three homologous domains arranged asymmetrically and forming a heart shape. The essential binding sites for drugs in this
protein are Sudlow’s site I (subdomain ITA) and Sudlow’s site II (subdomain IIIA). However, it is believed that site III (subdomain IB)
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also plays an essential role in the binding of various drugs [10]. It has been found that buspirone hydrochloride (BSH) can interact with
HSA and can cause changes in its biochemical response to other molecules [11-13].

The current research was conducted with the aim of obtaining detailed information about the binding sites, fluorescence quenching
mechanism of HSA, the binding constant (Kp), binding mode, microenvironmental changes, and the structure of HSA. The results of
this study are expected to shed light on the mechanism of action and pharmacokinetic and pharmacodynamic properties of BSH as
well.

2. Materials and methods
2.1. Reagents and solutions

Buspirone hydrochloride (>99.5 %) was purchased from Tehran Daru Company. HSA (fraction V, >99.0 %), sodium dihydrogen
phosphate (NaH;PO4-2H20, >99.0 %), and disodium hydrogen phosphate (NapHPO4-2H0, >99.0 %) were also purchased from
Sigma-Aldrich.

The phosphate-buffered saline (PBS) containing NaH,PO4 and Na;HPO4 was prepared in double-distilled water and adjusted to pH
7.4 using NaOH/HCI. Buspirone stock solution (4 x 1073 M) and HSA (75 x 10°° M) were prepared in deionized water. Then, the
solutions were stored at 4 °C. It should be mentioned that all the sample solutions were diluted using PBS 20 mM. Also, all experiments
were repeated three times, and their averages were reported as well.

2.2. UV-vis spectroscopy

The UV-vis spectra of HSA and BSH were measured at pH 7.4 using an SCO spectrophotometer with a 1 mm quartz cell, covering
the range of 190-700 nm. It should be noted that the absorbance of BSH at each point was subtracted from the absorbance of BSH-HSA
complex and the results were reported.

2.3. Fluorescence spectroscopy

In this study, solutions of HSA in the absence and presence of various concentrations of BSH (0-200 pM) were incubated at three
different temperatures (298, 303,308, and 312 K) in the dark for 1 h. The fluorescence emission spectra were obtained in the range of
300-450 nm on a Cary Eclipse fluorescence spectrometer (Varian) with thermostatic control. The slit widths of the excitation and
emission were set to 5 nm. Excitation was performed at 295 nm wavelength. The spectra of different BSH concentrations were recorded
under the same conditions for background correction.

2.4. The inner filter effects

The phenomenon known as the inner-filter effect refers to the absorption of the component added during a fluorescence titration
experiment at the wavelength of excitation or emission. This absorption results in a factitious reduction in the observed fluorescence
intensity [14]. In the context of steady-state fluorescence experiments, the absorption spectrum of BSH exhibits an overlap with both
the excitation and emission spectra of HSA. Thus, it is crucial to subtract such an effect from the raw quenching data. The fluorescence
data was corrected for inner filter effect using Eq. (1):

Feorr = Fobs a-mﬂ()g [(Aem + Aex)] / 2 (1)

where Fops and Fopr are the observed and corrected fluorescence intensity, Aem and Agx are the absorbances of the sample at the
emission and excitation wavelengths, respectively.

2.5. Circular dichroism

The circular dichroism (CD) spectra of HSA solutions with different concentrations of BSH were obtained using an AVIV-215
spectrometer. Measurements were performed in the range of 190-260 nm with scan speed of 20 nm/min and a response time of
0.3330 s at room temperature (297 + 2 K). The spectra of different concentrations of BSH under the same conditions were measured
and used for background correction. The obtained data were analyzed using a quantitative multivariate analysis program on an AVIV-
215 CD spectrometer to determine the secondary structure of the protein in the absence and presence of BSH.

2.6. FT-IR measurements

The FT-IR spectra of HSA and BSH solutions were recorded using an alpha spectrometer in the range of 1000-4000 cm ™", First of
all, the amount of absorption of HSA and BSH was recorded separately. It is worth mentioning that the concentration of HSA in all
solutions was fixed at 100 pM. Then, the spectrum of the BSH-HSA solution was measured with a molar ratio of 1:0.5 and 1:1 protein-
ligand. The absorption rate of free BSH was subtracted from the absorption rate of BSH-HSA and the obtained results were eventually
reported.
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2.7. Equilibrium dialysis

HSA and BSH were prepared in PBS at pH 7.4 and Dialysis tubing cellulose membrane (molecular weight cut off = 10,000 Da) was
purchased from Scientific Instrument Center (SIC, China). HSA was dialyzed against the same buffer with various concentrations of
BSH using Spectrum Laboratories dialysis tubing at room temperature (297 + 2 K). The equilibrium was reached within 72 h. The free
drug concentration (Cf) and total drug concentration (Cy) in dialysis before and after dialysis were measured using extinction co-
efficients of 35,219 M~ em~! for HSA [15]. The extinction coefficient of BSH (304 nm) was estimated from the absorbance slope
against drug concentration, which was calculated to be 1982.239 M~ ! em ™. The amount of drug bound to HSA (Cp) was calculated by
subtracting the concentration of free drug from the total drug concentration. Binding parameters were determined using the Scatchard
plot, where “r” represents the ratio of the bound drug to total HSA concentration and Cg is the concentration of the free drug. The
intercept of the linear region of the binding curve on the x-axis represents the apparent number of binding sites (n). The negative slope
of the curve corresponds to the apparent binding constant (K) [16], and the slope of Ln (r/nr) against Ln (C¢) determines the Hill
coefficient value (nH).

2.8. Molecular docking protocol

The crystal structure of HSA (PDB ID:1A06) was extracted from the manufacturer’s database (http://www.pdb.org/pdb/home/
home.do). Removal of water, the addition of some hydrogen atoms, and energy optimization of HSA were performed using UCSF
Chimera 1.16 software. The BSH geometry was constructed and optimized using Chem3D Ultra 14.0 (CambridgeSoft.com). The
optimized structure of BSH was ultimately utilized for molecular docking calculations.

In this study, the interactions between BSH and HSA were simulated using the semi-flexible docking method in AutoDock Vina
(http://autodock.scripps.edu/) and BSH was considered to be a flexible molecule. The dimensions of the box were also set at 40 x 60
x 40 A. Other parameters were maintained at default values. Finally, the best binding poses for the BSH-HSA complex were extracted
from the docking results and analyzed using Discovery Studio 2021.

3. Results
3.1. UV-visible measurement

UV-vis spectroscopy is a beneficial method for detecting the interactions between proteins and small molecules. Typically, the
position of the absorbance peak of a small molecule changes when it interacts with a protein to form a complex. In Fig. 1, the UV-vis
spectra of HSA were examined in the absence (Fig. 1A) and presence (Fig. 1B) of BSH at the 280 nm peak position. Upon the addition of
BSH to HSA, a decrease in absorption was observed. As BSH has significant absorbance in the 280 nm region, each BSH spectrum is
subtracted from its corresponding BSH-HSA spectrum. Since, the exact mode of interaction between the two molecules cannot be
determined solely from these data, further experiments might be necessary to gain a better understanding of these binding modes.

3.2. The mechanism of fluorescence quenching of HSA by BSH
As is well known, the intrinsic fluorescence of HSA is due to the presence of Trp and Tyr amino acids in its structure. However, the
fluorescence intensity of the Trp residue is stronger and more sensitive to changes in the microenvironment. So, the binding of the drug

to HSA affects the microenvironment around Trp, changes it, and affects its fluorescence intensity [17-19].
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Fig. 1. (A) UV absorption spectrum of BSH (100 pM) in a buffer solution in 298 K. (B) Difference UV absorption spectra of HSA in the absence and
presence of BSH at 298 K (Each BSH spectrum is subtracted from its corresponding BSH-HSA spectrum).
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The fluorescence emission spectra of HSA were recorded by adding different amounts of BSH after excitation at 295 nm. As shown
in Fig. 2A, the fluorescence intensity of HSA gradually decreased as the concentration of BSH increased, suggesting that BSH could
interact with HSA and quench the intrinsic fluorescence intensity of Trp in HSA.

In general, the interaction between chromophore species in macromolecules and quencher species may result in fluorescence
quenching. Macromolecule fluorescence quenching is commonly classified into three categories: the dynamic quenching, the static
quenching, and the combination of the two [14]. The static quenching resulted from forming a ground-state complex between protein
and quencher, the dynamic quenching resulted from the collision of protein and quencher, and combined dynamic and static
quenching resulted from both collision and complex formation with the same quencher, respectively [17,20].

There are several methods to differentiate between static and dynamic quenching, such as comparing the values of the Stern-
Volmer quenching constant (Ks) and biomolecule quenching constant (Kq) at different temperatures. In the case of dynamic
quenching, the Stern-Volmer constant (Kg,) exhibits a rise as the temperature increases, because an increase in temperature leads to
faster quencher diffusion. In contrast, for static quenching, the K, value decreased with increasing temperature, because the stability
of the complex diminished at higher temperatures [14]. Fig. 2B shows the Stern-Volmer diagram. Stern-Volmer Eq. (2) [18]:

Fo_ 1 +Ky[Q] =1+ K,10[Q] “

F
where F and Fj are the fluorescence intensities in the presence and absence of the quencher, respectively. According to the information
obtained from the Stern-Volmer diagram and the decreasing slope of the diagram, it can be seen that the mechanism of HSA quenching
after interaction with the BSH is dynamic. In order to further investigate the quenching mechanism, the bimolecular quenching
constant (Kq) was determined using the equation Kq = Kgy/7o. Here 1 is the average lifetime of a biomolecule without a quencher,
which is 1078 s [21].

Table 1 displays the Kg, and K, values, which exhibit an increase with elevated temperature. Also considering that the maximum
bimolecular quenching constant (Kg) of various quenchers with biopolymers is usually 2.0 x 101°M 157! [22] and K values obtained
here are more than this value, it can be concluded that the HSA quenching mechanism by BSH is not only dynamic quenching [23].
Therefore, the quenching mechanism of HSA caused by BSH was identified as a mixed quenching.

The number of bindings per albumin (n) and binding constant (K}) was calculated from Eq. (3):
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Fig. 2. (A) Effect of various concentrations of BSH (a-g; 0, 25, 50, 75, 100, 150, and 200 pM) on HSA (5 pM) in 298 K. (B) Stern-Volmer plot for
determination of the quenching rate constant of BSH on HSA. (C) Plot of log (Fo-F)/F against log Q for BSH-HSA interaction. (D) Van’t Hoff plot for
the binding interaction between BSH and HSA.
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F,—F

log =log K, + nlog [Q] 3)

The modified Stern-Volmer plots at different temperatures are shown in Fig. 2C The values of n and K}, were calculated as the slopes
and intercept of the double-logarithm curves by using the above equation and Fig. 2C. The value of n shows that the interaction of
ligands with protein is cooperative or non-cooperative in nature. The outcomes displayed the n values were all near one in the studied
temperature, suggesting that BSH may just occupy one binding site on HSA.

The value of K}, indicates the distribution of the drug in plasma, weak binding indicates poor distribution or short lifetime, while
strong binding indicates a decrease in free drug concentration in plasma. According to Table 1, BSH shows small binding constants
compared to most albumin ligands such as ibuprofen, warfarin, indomethacin, or digitoxin (10° M~ 1) [24-26]. It was also found that
the values of K, increase with increasing temperature, which is in line with the dependence of K, on temperature and the stability of
the BSH-HSA complex.

3.3. Thermodynamic parameters and determination of the type of interactions

Ligand binding to macromolecules typically involves four main interactions: hydrogen bonding, van der Waals forces, hydrophobic
interactions, and electrostatic forces. AH° > 0 and AS° > 0 correspond to hydrophobic forces; AH°< 0 and AS°< 0 correspond to van
der Waals interaction and hydrogen-bond formation; AH° < 0 and AS° > 0 correspond to electrostatic/ionic forces. Therefore, in the
present study, thermodynamic parameters were examined to determine the effective forces in the interaction between BSH and HSA.
By plotting the binding constants obtained at different temperatures (298, 303,308 and 312 K) by the Van’t Hoff Eq. (Fig. 2D),
thermodynamic parameters were also calculated using equations (4) and (5), and the results are shown in Table 2.

—AH® AS°
InK, =
nKky RT + R (4)
AG® =AH’ — TAS® = —RTInK (5)

where R is the gas constant and Kj, is the binding constant at the respective temperatures. According to the information in Table 2, AH®
and AS° in the interaction between BSH and HSA are negative. Based on the viewpoint of Ross and Subramanian [27], the positive
value of AH® and AS° indicates that the main driven forces in the BSH-HSA system are hydrophobic forces. In addition, the results
showed that the binding process of BSH to HSA was spontaneous due to the negative values of AG in the studied temperature range
[28]; so, it can be concluded that the formation of stable BSH-HSA complexes might be easy.

3.4. Energy transfer from HSA to BSH

Forster resonance energy transfer (FRET) is commonly employed to determine the distance between a donor and acceptor molecule
[18]. Its wide applications include the analysis of interactions between biological macromolecules, immunoassays, and research on cell
physiology. The energy transfer from the donor to the acceptor can be estimated when the following conditions are met [29]: (a) the
donor spectrum overlaps with the spectrum of the acceptor, (b) the chromophores are arranged appropriately, and (c) the maximum
distance between the donor and acceptor is 8 nm. The values of energy transfer efficiency (E), distance (r), and overlap integral be-
tween the emission and absorbance spectra (J) can be calculated using FRET with the help of equations (6)-(8) [14]:

F RS
E=1-—=—_2 6
Fo RS +16 ©)
Ry =0.2108 x [K* x ®p x n~* x J()]/° %)
T = / Fp(A) x ea(h) x A* x dA (8)
0

The emission spectrum of HSA and The UV spectrum of BSH are shown in Fig. 3 (a and b). The values of the different parameters
were calculated by the relevant equations. The R value, which indicates the Forster distance at an energy transfer efficiency of 50 %,
was found to be 2.91 nm. The distance between the donor and acceptor molecules (r) was determined to be 3.61 nm, which was less
than the maximum distance required for energy transfer (8 nm). The energy transfer efficiency (E) was calculated to be 21.75 %, and

Table 1
The Stern-Volmer quenching constant (Ks,) for the interaction of BSH and HSA at three distinct temperatures.
pH TK) Ko x 103 (MY Kq x 10" (L mol 's™h)
7.4 298 1.99 + 0.23 0.199
303 2.55 £ 0.26 0.255
308 2.97 +£0.28 0.297

312 3.32 £ 0.19 0.332
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Table 2
Binding and thermodynamic parameters of HSA-BSH. The data are the means + standard deviations of three independent.
T(K) Log Ky, AS° (Jmol ' K™Y AH° (kJ mol™1) AG® (kJ mol ™)
298 0.80 + 0.016 135.23 + 3.21 35.70 + 2.65 —4.593
303 0.98 + 0.019 —5.269
308 1.02 £ 0.015 —5.945
312 1.09 + 0.021 —6.622

the overlap integral area (J()\)) was also determined to be 4.48 x 10" M ! em™! nm*. These values satisfy condition 0.5 Rg <r < 1.5

Ry, indicating that the energy transfer between HSA and BSH occurs mainly through non-radiative means. Additionally, the result of
Ro < r suggests that BSH quenched the fluorescence of HSA mainly through static quenching.

3.5. Structural changes of HSA

In order to gain a deeper understanding of the changes in the structure of HSA after interaction with BSH, the CD spectra of HSA and
the BSH-HSA complex were measured. The CD spectra of HSA, with and without BSH, are shown in Fig. 4. The CD spectrum of HSA
exhibits two negative regions at 208 and 222 nm, which correspond mainly to the a-helix in HSA [30]. Molar ellipticity decreased with
the addition of BSH to the HSA solution, demonstrating that the binding of BSH to HSA induces conformational changes in the protein.
The CD results are expressed as molar ellipticity ([0]), which was calculated by the following Eq. (9):

_ 6obs
~ 10nlc,

(0] (©)]
where 6 is the absorbance in mdeg, n is the number of HSA amino acid residues, 1 is the cell path length (0.1 cm), and G, is the mole
fraction. The a helix content was determined from the [0] values at 208 nm by following Eq. (10) [31]:

o, —[0],5 — 4000
a hellx%—(3300074000 x 100 (10)

The changes in the secondary structure of HSA after interaction with BSH are shown in Table 3, showing that increasing the molar
ratio of BSH to HSA increases the a-helix content from 63.88 % to 75.92 %.

The FT-IR results were used to further investigate the interaction between BSH and HSA, and the secondary structural changes in
HSA. The amide bands in the FT-IR spectra of proteins represent various peptide vibrations and the number of amide bands. Amides I
and II are related to the secondary structure of the proteins. Secondary structural changes significantly affect the amide I band more
than the amide IT band [14]. Typically, the spectral range of 1600-1700 cm ! of amide I bands can be attributed to the o-helix, which is
related to the carbonyl (C]O) stretching vibrations [8]. Changes in the protein structure were characterized by changes in the position
of the amide I band, as shown in Fig. 5(A-C). The changes in the position and shape of the amide I peak indicate that BSH binds to the
carbonyl group of HSA and causes slight changes in the secondary structure of HSA, which is consistent with the CD findings.

3.6. Cooperative binding of BSH to HSA

Equilibrium dialysis was performed to understand the interactions between BSH and HSA. Dialysis involves the separation of
particles in a liquid on the basis of differences in their ability to pass through a porous membrane. The porous membrane of the dialysis
bag with a cut-off of 10 KD does not allow the protein weighing 66.5 KD to pass through, but it allows the BSH to pass between the two
holders, in this way, after the time, the drug can be freely exchanged between the two sites and bind to the HSA [32]. Fig. 6A shows a
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Fig. 3. The overlap of (a) fluorescence spectrum of HSA (5 pM) with (b) UV spectrum of buspirone (25 pM).
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Fig. 4. The CD spectra of HSA upon addition of varying concentrations of BSH in PBS at pH 7.4 ; (a—c) 0, 6.25, 12.5 pM and HSA (2 uM).

Table 3

Conformational composition of HSA before and after interaction with different BSH concentrations.
Secondary structures HSA (2 pM) 6.25 pM 12.5 yM
a-Helix 63.88 % 70.13 % 75.92 %
B-Antiparallel 1.61 % 0.39 % 0.19 %
B-Turn 12.17 % 10.31 % 8.8 %
Random coil 19.42 % 15.07 % 11.54 %

Scatchard plot showing a cooperative binding pattern for BSH with a positive slope at low r-values of the binding isotherm. Fig. 6B
shows a plot of r versus Cf (concentration of free drug). The plot demonstrates an initial increase in r as C¢ increases, followed by a
decrease in slope, which reflects the approach of the system towards equilibrium or saturation [33]. When Ln r/n-r was plotted against
Ln Cj, a straight line was obtained with a Hill coefficient (nH) of 1.69, confirming a positive cooperativity (Fig. 6C) [32]. The binding
constant was determined to be 0.15 x 102 ML, Also, the negative AG value indicated that the binding of the drug to the protein was
spontaneous. The binding isotherms are presented in Table 4.

3.7. Molecular docking results

The AutoDock Vina program was used with a maximum number of supported runs to determine the most likely binding mode of
BSH in the HSA active site. After examining the obtained binding results, the binding mode with the lowest energy, was selected in
interaction with IIA, IIIA, and IIB subunits of HSA. Considering that Trp-214 in the HSA structure is located near subunit I1A [34,35], as
shown in Fig. 7, it can be seen that BSH interacts with Trp-214, which is consistent with the experimental results.

The hydrophobic regions of BSH interacted with Trp-214, Arg-218, Ile-264, Ile-290, and Tyr-452, which were found in the hy-
drophobic binding pocket (Figs. 7A and 8B). It can be concluded that hydrophobicity is one of the most significant interactions be-
tween BSH and HSA, which is consistent with the thermodynamic parameters calculated in the previous sections. Additionally,
hydrogen bonding with Lys-195 and Lys-199 may have occurred during this interaction, contributing to the stability of the BSH-HSA
complex. All these interactions are listed in Table 5. Fig. 8 provides an overview of the interactions between buspirone and amino acids
present in HSA.

4. Discussion

To sum up, the interaction between BSH and HSA using different techniques including UV-vis spectroscopy, fluorescence emission,
Circular Dichroism, FT-IR, equilibrium dialysis, and molecular docking was studied. The UV-vis and fluorescence spectroscopy results
confirmed the interaction between BSH and HSA. Also, fluorescence emission spectra revealed that BSH effectively quenched the
intrinsic fluorescence of HSA under physiological conditions through a combination of dynamic and static quenching. Furthermore,
the Scatchard diagram and Hill equation showed positive cooperative binding of BSH to HSA. Based on CD and FT-IR spectroscopy, we
came to this point that conformational changes occurred in HSA upon interaction with BSH, which is consistent with the results
obtained for other antidepressants and anxiolytics such as sertraline and bupropion [25,36]. Moreover, molecular docking demon-
strated that BSH binds to HSA with a favorable binding score and this binding occurs spontaneously. It was also found that HSA in-
teracts with subdomains IIA, IIIA, and IIB, which is consistent with the results obtained from molecular docking of other
antidepressants such as biperiden, haloperidol, and clonazepam [37]. However, considering the high binding tendency of warfarin and
bilirubin to bind to subdomain IIA, as well as the high tendency of digitoxin and ibuprofen to bind to subdomain IIIA compared to BSH,
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Fig. 5. FT-IR spectra of HSA in the absence and presence of different concentrations of BSH in a buffer solution. (A) FT-IR spectrum of free HSA
(100 pM) (B) FT-IR difference spectrum (subtracting the absorption of the BSH free form that HSA-BSH) [HSA]: [BSH] = 1:0.5. (C) [HSA]: [BSH]
= 1:1.

the probability of these compounds binding to these sites on HSA is higher than BSH [38].

Overall, the present study can provide useful information regarding the specific binding sites and types of interactions between BSH
and HSA under physiological conditions. It may also improve our understanding of the effects of this drug on HSA function and may
help in designing more effective drugs with higher clinical efficacies. Conclusions from the experiment results can be drawn as follows:

a. BSH can effectively quench the endogenous fluorescence of HSA by combining dynamic and static quenching mechanisms, and the
fluorescence quenching of HSA is mainly caused by the complex formation of HSA with BSH. AS° and AH° positive values suggest
dynamic involvement of the hydrophobic interactions during HSA’s fluorescence quenching with buspirone.

b. The binding site is approximately equal to 1, suggesting that BSH may just occupy one binding site on HSA.

c. The main interaction forces in the binding process of BSH with HSA are hydrophobic forces, which are similar to the results ob-
tained from the interaction of BSH with BSA (BSA is a protein with high structural and functional similarity with HSA) [39].

d. According to these in vivo and in vitro studies, buspirone is highly protein bound (more than 95 %) and interacts with albumin and
alpha acid glycoprotein. However, the results of clinical studies showed that buspirone did not displace propranolol, digoxin, or
warfarin from plasma proteins [40].
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Fig. 6. (A) Plot of r values against free BSH. (B) Scatchard plots of BSH binding to HSA. [BSH] = 0, 25, 50, 75, 150, 300 pM and [HSA] = 3 uM (C)
Plot of the Hill equation for the binding of BSH to HSA.

Table 4
Binding parameters for BSH interaction with HSA
The data are the means =+ standard deviations of three independent.

Ky M 1) nH AG® (kJ/mol)

T(K)
297 + 2 15 + 0.45 1.69 £ 0.045 —6.70

Fig. 7. The optimal binding configuration of the BSH-HSA complex (A) Magnified view of BSH within the hydrophobic pocket of HSA for BSH in the
hydrophobic pocket of HSA. (B) Schematic representation of hydrophobic and hydrogen bonds between BSH and nearby residues on HSA at the

binding site.
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Fig. 8. 2D diagram of BSH and HSA interactions.

Table 5

The type of interaction of BSH with its adjacent amino acids.

Type of interaction Residue Distance (A)

Hydrogen Bonds Lys-195 2.75
Lys-199 2.53
Lys-195 4.00

Hydrophobic Interactions Trp-214 3.79
Trp-214 3.57
Arg-218 3.77
Ile-264 3.97
1le-290 3.64
Tyr-452 3.64
Tyr-452 3.51
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