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ARTICLE INFO ABSTRACT

Keywords: Cleviprex is a short-acting dihydropyridine calcium channel antagonist used as an antihypertensive drug. In this
Flavonoids work, the binding characterization of cleviprex to human serum albumin (HSA) and the competitive binding to
Cleviprex HSA between cleviprex and two flavonoids, baicalin and rutin, were studied using multi-spectroscopic techni-
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ques and molecular docking method. The fluorescence quenching of HSA by cleviprex was initiated by the
formation of HSA-cleviprex complex, which was confirmed by UV-vis spectra measurements. The results of
thermodynamic analysis and molecular docking revealed that the hydrophobic interactions and hydrogen
bonding were the major acting forces in stabilizing HSA-cleviprex complex. The results of substitution experi-
ments and molecular docking demonstrated that cleviprex was mainly situated within the site I of HSA. Baicalin
and rutin could reduce the values of binding constant and enhance the values of binding distance of cleviprex
binding to HSA because they bind to the same binding site. The results of synchronous fluorescence and CD
spectra suggested that the binding reaction of cleviprex to HSA could give rise to the changes of protein con-
formation and the combined actions of cleviprex and flavonoids could cause further changes of HSA con-
formation. Consequently, the intakes of flavonoid-rich foods and beverages should be lessened under the
treatment of cleviprex to avoid food-drug interactions.

1. Introduction

Flavonoids are a large class of naturally occurring bioactive poly-
phenols widely present in plant foods and beverages [1,2]. Until now,
over 6000 flavonoids have been found [3]. According to their structural
difference, they are mainly categorized into flavones, flavonols, an-
thocyanidins, flavanones, isoflavones and flavan-3-ols [4-7]. Numerous
investigations have described that flavonoids have many beneficial
pharmacological activities, including cardiovascular effects, anti-
oxidant, anti-inflammatory, antiallergic, antimicrobial, antithrombotic,
antiviral, antidiabetic, estrogenic and anticarcinogenic activities
[3,8,9]. Because they are very abundant in our diets and many studies
have suggested that modest long-term ingestions of flavonoids have
health-promoting effects, flavonoid-rich foods and beverages have at-
tracted great interest recently [1,10,11].

Food-drug interaction is recognized that the simultaneous intakes of
food and drug cause changes in pharmaceutical, pharmacokinetic, or
pharmacodynamic properties of foods or drugs. Some food-drug
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interactions may be benefit to the patients, but mostly they may induce
adverse drug reactions. Accordingly, patients should follow the in-
structions of doctors on the proper use of drugs to avoid serious side
effects [12,13]. Most drugs bind reversibly to the plasma proteins and
are transported in the circulatory system [14]. Consequently, the affi-
nity of drug binding to plasma proteins affects the magnitude of its
biological actions in vivo [14,15]. The fraction unbound of a drug can
be altered by other ligands that binding to plasma proteins. Accord-
ingly, the competitive binding to plasma proteins between drugs and
food components is a reason of the generation of food-drug interaction
[16,17]. Therefore, the investigations on the competitive binding to
plasma proteins between drugs and food components play an important
role in pharmacology and pharmacokinetics [18,19].

Cleviprex (the structure shown in Fig. 1) is a short-acting dihy-
dropyridine calcium channel antagonist used as an antihypertensive
drug [20]. Clinical trials have demonstrated that it can be used to ef-
fectively manage the acute hypertension for patients [20,21]. It has
been reported that grapefruit juice can change the area under the curve
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ratio of cleviprex [22], which is indicative of further studies of food-
cleviprex interactions are needed. The binding of cleviprex to plasma
proteins is more than 99.5% [23], which indicates that the factors can
alter the affinity of cleviprex binding to plasma proteins should be
considered in clinic. In addition, it has been reported that the flavo-
noids intake from the foods and beverages of people is concerning
0.67 g/day [10]. Many reports suggest that flavonoids can affect the
binding characterization of many drugs to plasma proteins [4,24-26].
Therefore, investigation on the influences of food components, such as
flavonoids, on the binding of cleviprex to plasma proteins is of funda-
mental importance in clinic. However, the flavonoids-cleviprex inter-
actions such as the competitive binding to plasma proteins between
cleviprex and flavonoids are still insufficient report to our knowledge.
Human serum albumin (HSA) is the most abundant plasma protein
and it is about 60% of total protein in blood [27]. Its molecular
structure enables it to reversibly bind various endogenous and exo-
genous compounds such as fatty acids, drugs and food components
[28]. Because it is responsible for the majority of ligand binding to
plasma proteins and its well-known primary structure, HSA is usually
used as a model of plasma proteins to study the binding properties of
various endogenous and exogenous compounds bind to plasma proteins
[27,29-32]. Herein, the binding properties of cleviprex to HSA and its
competitive binding to HSA with two kinds of the most widespread
flavonoids, flavones (e.g. baicalin, the structure shown in Fig. 1) and
flavonols (e.g. rutin, the structure shown in Fig. 1), were investigated
by multi-spectroscopic techniques and molecular docking method. It is
wished that the study can offer beneficial information for studying the
pharmacokinetics of cleviprex and its food-drug interaction.

2. Methods and Materials
2.1. Chemicals and Reagents

Cleviprex (purity, 98%) was purchased from Shanghai Civi
Chemical Technology Co., Ltd. China. Baicalin (purity, 99%) was pur-
chased from Hunan Province Waynick Biological Technology Co., Ltd.
China. Rutin (purity, 98%) was purchased from Xi'an Saiyang Bio-
Technology Co., Ltd. China. Ibuprofen (purity, 99.5%) was purchased
from Zhengzhou Debao Fine Chemical Co., Ltd. China. Warfarin (purity,
98%) was purchased from Tianjin Elong Co., Ltd. China. HSA (Fraction
V, purity, 96-99%) was purchased from Beijing Solarbio
Science & Technology Co., Ltd. China.

2.2. Fluorescence Spectra Measurements

All fluorescence spectra were measured on a fluorescence spectro-
photometer (Model F-7000, Hitachi High-Technologies Co., Japan)
equipped with a 150 W xenon lamp, a 1.0 cm quartz cuvette and a
thermostat bath (Model SC-15, Shanghai Bilon Instrument Co., Ltd.,
China). The HSA solution was prepared by the 0.05 mol/L NaCl-Tris-
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Fig. 1. Molecular structure of cleviprex, baicalin
and rutin.
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HCI buffer solution (pH 7.40). The cleviprex, flavonoids and specific
binding site markers were dissolved in 2 mL ethanol, and then atte-
nuated to the certain concentration by the 0.05 mol/L NaCl-Tris-HCIL
buffer solution (pH 7.40). In the experiment, the different volume of
stock solutions were mixed together and the final concentration of HSA
was 1.00 X 10~ ® mol/L. The fluorescence emission spectra at 288, 301
and 310 K were measured from 290 to 490 nm at an excitation wave-
length of 280 nm. The excitation and emission band widths were both
5.0 nm while the scanning rate was 1200 nm/min and the photo mul-
tiplier tube voltage was 700 V. In order to subtract the inner-filter ef-
fect, the fluorescence intensity data used in this paper were corrected
by the following equation [33,34]:

Aex+Aem
2

For = (@)

where F.,. and F,,, are the corrected and observed fluorescence in-
tensities data, respectively. A, and A, are the absorbance of protein-
ligand mixed solutions at the excitation and emission wavelength, re-
spectively. The synchronous fluorescence spectra were measured by
simultaneously scanning the excitation and emission monochromators
when the wavelength interval was 15 or 60 nm.

obs X €

2.3. UV-vis Spectra Measurements

The UV-vis spectra were measured from 200 to 800 nm on a spec-
trophotometer (Model UV-2550, Shimadzu Co., Japan) at 288 K. The
concentration of HSA was 0.0 or 1.0 x 10~ >mol/L and the con-
centrations of cleviprex changed from 0.0 to 8.0 X 10~ °> mol/L at
1.0 X 10~ ° mol/L intervals.

2.4. CD Spectra Measurements

The CD spectra were measured from 200 to 250 nm on a spectro-
polarimeter (Model J-810, Jasco Co., Japan) at 288 K. The scanning
rate was 100 nm/min and the response time was 1.0 s. The a-helical
contents in HSA were computed by the value of mean residue ellipticity
([6]1) at 222 nm as follows [35,36]:

eobs
Oy = ——=—
[6)zz Cpnl X 10 2)
a-helix (%) = M x 100
36000 + 3000 3)

where 0, is the observed ellipticity signal, n is the number of peptide
bonds and it is 584 in this work, [ is the length of quartz cuvette and it is
1.0 cm in this work, and C, is the molar concentration of protein.

2.5. Molecular Docking Method
The molecular docking between HSA and cleviprex was generated

by Molegro Virtual Docker 2008 (v. 3.0). The crystal structure of HSA in
the complex with cleviprex was taken from the Research Collaboratory
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