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ABSTRACT

The present work explores the binding of chlorpromazine (CPZ) with the bovine serum albumin (BSA) by UV-visible, CD,
and fluorescence spectroscopic studies. Fluorescence intensity of BSA was quenched on increasing concentration addition
of chlorpromazine. BSA structure alteration by chlorpromazine was shown by UV-vis, synchronous and 3D fluorescence
studies. Change in stability of native BSA in presence of chlorpromazine was given by CD spectroscopy. This study
explains interaction and modification at molecular level between chlorpromazine and BSA and helps to understand the
mechanism of drug binding effect in higher concentrations.
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INTRODUCTION

Drug binding with plasma proteins is an important pharmacological checkpoint as it affects drug
distribution, elimination, duration and pharmacological effect. Psychotropic drug association to plasma
proteins is an important factor in determination of its clinical response.

Small modification in BSA leads to a significant change in its biochemical response as on interaction with
drug molecules. Thus, formation of a drug-BSA complex may be useful as a model to gain fundamental
insights into drug-protein interaction and elucidate its applications.

Serum protein plays major role in transport of small hydrophobic or sparingly soluble molecules such as
steroids, bilirubin, fatty acids, hormones, drugs and their metabolites [1] and also transfers metal ions.
[2]. BSA [Fig. 1] [3] is a single chain serum protein obtained from blood serum of bovine. It is a globular
heart shaped protein with approximate dimensions of 80 x 80 x 30 A and a molecular weight of ~66.4
kDa. Albumin contains 3 domains (I, II, III), which are separated into 9 loops (L1-L9) by 17 disulfide
bridges. Each domain carries two subdomains A and B. It contains 583 amino acids with two tryptophan
residues Trp-134 and Trp-213 in subdomain IB and IIA respectively and 20 tyrosine residues dispersed
over 3 domains [4]-[8].

Binding of ligands with carrier proteins has great interest in the medicinal chemistry field. BSA is
generally used as model protein to study binding of several small molecules including drugs with serum
protein since its similarity with human serum albumin, less cost and no ethical issue.

Chlorpromazine with trade names thorazine and largactil is an antidepressant phenothiazine drug [Fig. 2]
[9] widely used in psychiatric treatment and possesses a tricyclic ring bend at the NS axis [10], [11].
Chlorpromazine is an effective antagonist of dopamine D1 and D, serotonin 5-HT1a, muscarine M1, and
adrenergic alpha 2A receptors. CPZ binds to blood components like RBC membranes, albumin and
lipoproteins. Interaction of CPZ with lipid bilayer and proteins of biomembranes, influencing their
permeability [12], [13]. Binding of CPZ with lipids changes the lateral organization and functions of
biomembranes. Such bindings may influence the bioavailability of drugs [14].

BEPLS Spl Issue [1] January 2023 274|Page ©2023 Authors, INDIA


http://www.bepls.com
mailto:vidya08.patil@gmail.com

Fig. 1 BSA Structure Fig. 2 CPZ Structure

CPZ with BSA studies explains that concentration of drug and protein influences the absolute and relative
values of the CPZ free fraction [15]. Drug binding to plasma proteins affects its distribution and
elimination as well as the duration and intensity of its physiological effects [16]. It is well known that the
interaction of CPZ with blood components influences bioavailability.

In recent years few reports are available on interactions of tranquilizer drugs with BSA, such as
alprazolam [17], clonazepam, [18], Lorazepam, oxazepam, bromazepam [19]. Few reports are available
on fluorescence quenching by chlorpromazine [20] [21], spectroscopic and calorimetric studies of
chlorpromazine binding with BSA [22].

Like other drugs, its chronic use may cause side effects such a cornea opacity, parkinsonism and
respiratory troubles, and is suspected to be related to iron sediments in nervous cells and blood vessels
[23]. On the other hand CPZ, high concentration toxicity effects mentioned in Drug Bank data are
agitation, coma, convulsions, difficulty breathing, difficulty swallowing, dry mouth, extreme sleepiness,
fever, intestinal blockage, irregular heart rate, low blood pressure, restlessness [24].

Chlorpromazine involve in cytotoxic and genotoxic effects by interacting with macromolecules since
photoactivated and radical cation forms of chlorpromazine binds with DNA, RNA and proteins it is
considerably and irreversibly respectively [25] [26].

Based on these facts, we studied the high concentration CPZ interaction with albumin. In the present
work, interactions were studied, using UV-visible, fluorescence and circular dichroism (CD) spectroscopy.
Further docking and MD simulations studies were carried out to investigate CPZ binding effect on BSA
structure. Hence studies on the interaction of chlorpromazine and bovine serum albumin will be
significant for elucidating its toxicity action studies.

MATERIAL AND METHODS

Reagents and Solutions

Bovine Serum Albumin (M.W. ~66 KDa, 299% essential fatty acid, endotoxin, protease, DNase, RNase free)
and Phosphate Buffered Saline (PBS) 10X (pH = 7.40) was purchased from SRL India. Chlorpromazine
(298%) was purchased from Sigma Aldrich. Stock solutions of BSA (200 pM) and chlorpromazine (200
uM) were prepared by using 1X PBS buffer solution (pH = 7.40).

UV-visible Spectra Measurements

UV-visible absorption spectra of albumin, CPZ, and albumin in presence of varying concentrations of
chlorpromazine were recorded at room temperature on UV-1600 spectrophotometer (Shimadzu, Kyoto,
Japan) with 10 mm quartz rectangular cells from 200 to 400 nm. The 1X PBS solution (pH=7.40) was used
as the reference solution.

Fluorescence Quenching Spectra Measurements

The steady-state fluorescence spectra of BSA solutions in absence and presence of chlorpromazine with
varying concentrations were measured at pH 7.40 on an FP-8300 Spectrofluorometer (Jasco, Japan) with
10 mm quartz rectangular cell from scan range 270 to 500 nm while Aex was set at 278 nm. Scan speed
was maintained as 500 nm/min and both slit widths were keptat 5 nm.

Synchronous Fluorescence Spectra Measurements

The synchronous fluorescence spectra of BSA solution and BSA in presence of varying concentrations of
chlorpromazine were measured on FP-8300 Spectrofluorometer with 10 mm quartz rectangular cell
(Jasco, Japan) instrument at different scanning intervals of AA (AA= Aem — AeX, Aem and Aex are the emission
and excitation wavelengths, respectively) at room temperature. The AA values were set at 15 nm and 60
nm, respectively, which describe the properties of Tyr and Trp residues, respectively. The scan range was
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set at 270 to 500 nm with Aex as 278 nm. Scan speed was maintained as 500nm/min and both slit widths
were kept at 5 nm.

Fluorescence 3D Spectra Measurements

The 3D fluorescence spectra measurement of BSA and BSA with chlorpromazine solutions were
performed on FP-8300 Spectrofluorometer with 10 mm quartz rectangular cell (Jasco, Japan) with 1 nm
slit widths at room temperature. The Aex and Aem were set from 220 to 380 nm and from 230 to 500 nm
respectively.

RESULTS AND DISCUSSION

UV spectra measurements

UV absorption measurement is frequently used to measure the change in the conformation of protein
binding interaction between protein and drug and to know the complex formation. The UV absorption
spectra of BSA and chlorpromazine were shown in Fig. 3. In the results weak band near 280 nm belongs to
the m — 1* transition of the aromatic amino acids [27][28].

The absorption intensity of these bands near 280 nm increased with increasing the concentration of
chlorpromazine. In addition, the slight blue shift of the band near 280 nm was also observed. This
indicates that chlorpromazine can bind to BSA, resulting in forming Chlorpromazine-BSA complex and a
change in the conformation of BSA. Strong absorption peaks around 250 nm are observed; these are
characteristic peaks of chlorpromazine that do not affect the protein's absorption peak at 280 nm.
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Fig. 3. A) UV absorption spectra of BSA (20 pM) with various concentrations of chlorpromazine
from 0, 20, 40, 60, 80, 100 uM respectively at pH 7.4. B) Zoom view at 280nm.
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Fig. 4. Fluorescence spectra of BSA (20 nM) with various concentrations of chlorpromazine) 0, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100 pM respectively (Aex = 278 nm, pH 7.4).
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Trp, Tyr and Phe residues can make the protein generate endogenous fluorescence. The most sensitive to
the changes in the surrounding micro-environment is Trp which has strongest fluorescence intensity
[29] and is used as an endogenous fluorescent probe to understand the binding interaction between
protein and drugs. Steady-state fluorescence spectra of BSA solutions in absence and presence of
chlorpromazine were shown in Fig. 4.

Strong fluorescence emission peak is obtained at 342 nm at A ex =285 nm, which mainly comes from Trp
residues. Fluorescence intensity of BSA decreased after addition of chlorpromazine from 0 to 120 pM
along with the blue shift of the maximum emission wavelength (A em) (~ 5 nm). This shows that there is
an alteration in the microenvironment surrounding Trp residues due to binding of chlorpromazine to
BSA.

Binding Site and Constant Study

To clarify the quenching mechanism of BSA induced by chlorpromazine, fluorescence quenching
experiments were performed and the quenching parameters of BSA induced by chlorpromazine were
calculated according to the Stern-Volmer equation. Binding constants (K») and binding site (n) for the
chlorpromazine-BSA complex can be determined with double logarithmic plots [30].

%= 1+ f'qufu.[g] =1+ Hsr [Q] (1)

L F—F)

log = logK, + nlagl[g] (2)

Fo and F are the BSA’s fluorescence intensities in the chlorpromazine absence and presence, and [Q]
denotes the chlorpromazine concentration. Ksv is a quenching constant. The kq is quenching rate constant
of protein, K is binding constant, n is binding sites number; it could be mathematically determined from
the plot of log[(FO - F)/F] vs. log [Q] and to is the protein's fluorescence lifetime with a quencher, about
two ns for BSA [31].

The ‘n’ value for complex chlorpromazine BSA at the studied temperature is one, representing the
existence of chlorpromazine binding sites on BSA.

The Kb value in order of 104 at studied temperature indicates a robust chlorpromazine’s binding
interaction with BSA.
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Fig. 5. A) Stern-Volmer and B) Modified Stern-Volmer graph for BSA with varying concentration of
chlorpromazine.

Thermodynamic Study

The dominant binding forces between drugs and proteins are hydrogen bonds, Van der Waals forces,
electrostatic forces, hydrophobic interactive forces usually thermodynamic parameter signs and
magnitudes of the AH%; enthalpy change and ASY; entropy change, the main forces can be accounted in the
binding reaction is encountered. Experiments were done out at 298K. Here AH? and AS° can be assumed
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constants. The Van’t Hoff equation is applied for calculation.
—AH™ A5

= (3)

RT R

InkK, =

Where R is gas constant, T is experimental temperature, and K» is binding constant of corresponding T.
Then AGO can be obtained from the equation:

AG® = —RTinK,; = AH® —TAS® (4)
Table.1 specifies fluorescence data results. The negative AS° and AHO values suggest that H-bonds and Van
der Waal’s forces are significantly involved in chlorpromazine binding to BSA. However, AG°<0, AH°<O0,
and |AH|>|TAS?| indicate sudden chlorpromazine binding with BSA; reaction is an exothermic and
enthalpy driven process.

Table 1. Different constants, binding sites, and energy obtained from fluorescence data.

Ksv/M-1 Kq/M-1s-1 Kp/M-1 n AG° /] M1
1.6514x 103 8.277 x1012 5.084 x 103 0.88442 | -1.1026x10*

Synchronous fluorescence measurements

The synchronous fluorescence spectrum is used to obtain molecular environment information in a
chromosphere vicinity. When the wavelength interval (AA=A em -A ex) between A em and A ex is stabilized
at 15 nm or 60 nm, the synchronous fluorescence spectra is used to distinguish the characteristics of Tyr
residues and Trp residues of BSA, respectively. Usually, shift of the A em represents the change in Tyr or
Trp residues surrounding microenvironment polarity [32].

Blue shift of A em suggests the Trp or Tyr residues surrounding polarity decreases and increases the
hydrophobicity with the increase of the macromolecules folding state[33]. The synchronous fluorescence
spectra of BSA along with chlorpromazine were shown in Fig. 6 A) & B).

It is observed that gradually decrease in fluorescence intensities of Tyr and Trp residues together with a
slight blue shift in the max emission wavelength with chlorpromazine from 0 to 120 pM addition. It is
determined by decreasing the surrounding polarity of Tyr or Trp residue and increasing hydrophobicity
with an increase of folding state of macromolecule due to binding of chlorpromazine to BSA.
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Fig. 6 The synchronous fluorescence spectra of Tyr residue with AA = 15 nm (A) and Trp residue
with AA = 60 nm (B) in BSA of 20 uM with various concentrations of chlorpromazine 0,10, 20, 30,
40,50, 60, 70,80, 90 and 100 uM respectively.

Fluorescence 3D measurements

3D fluorescence spectra are plotted with emission wavelength, excitation wavelength and fluorescence
intensity as X, Y, and Z-axis. It reflects the fluorescence intensity of excitation wavelength and emission
wavelength changed simultaneously and gives more information about the change in conformational of
proteins. To further investigate the effect of binding chlorpromazine on the conformation and
microenvironment of BSA, the 3D fluorescence spectra of BSA in the presence and absence of
chlorpromazine were measured. As is shown in Fig. 7 (A), the Peak 2 area represents the band of Trp and
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Tyr residues fluorescence emission.

Where intensity and maximum emission wavelength are closely related to the polarity of the
microenvironment surrounding Tyr and Trp residues [34].

As noted in Fig 7 (B), the fluorescence intensity of Peak 2 decreased after the addition of chlorpromazine,
indicating that there was interaction between BSA and chlorpromazine. As the intensity of peaks
decreased after the addition of chlorpromazine. The reason for the phenomenon may be the formation of
the chlorpromazine-BSA complex after the addition of chlorpromazine, leading to the increase in the

macromolecule diameter.
Additionally, blue shifts of peak 2 at A ex were observed, suggesting that the Trp and Tyr residues

environment polarity decreased after adding chlorpromazine.
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Fig.7 Three-dimensional (3D) fluorescence spectra of A) BSA and B) BSA- chlorpromazinel:1.

CONCLUSION
This work describes the interaction between chlorpromazine and BSA by using multi spectroscopic

techniques. The Stern-Volmer quenching constant Ksv and quenching constant Kq indicate that
chlorpromazine BSA binding reaction occurs by dynamic quenching mechanism. The value of n is one
revealed that one binding site on BSA for chlorpromazine. The results of synchronous fluorescence
spectra and three dimensional fluorescence spectra are indicative of conformational changes of BSA upon
binding with chlorpromazine. The hydrophobic interaction plays an important role during the
fluorescence quenching of BSA by chlorpromazine according to positive values of AH? and AS°.

The binding of drugs to serum protein is an important factor in determining their pharmacokinetics and
pharmacological effect. Hence such study of interaction between BSA and chlorpromazine would be
useful in clinical medicine, medicinal chemistry, pharmaceutical industry, and life sciences studies.
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