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a b s t r a c t

The interaction between cetirizine dihydrochloride and human serum albumin (HSA) has been exam-
ined by the spectroscopic techniques first. According to Stern–Volmer equation at different temperatures
and the UV–vis spectra examination it was demonstrated that HSA fluorescence quenching initiated by
levocetirizine was static. The values of binding constant (KA) and the number of binding sites (n) for levo-
cetirizine and HSA were smaller than those for cetirizine and HSA, which meant that the transport of drug
was regulated by the stereoselectivity of HSA to the enantiomer. The effect of the non-enzymatic gly-
cosylation (NEG) on the interaction between levocetirizine and HSA signified that the administration of
levocetirizine for diabetes should be different from the normal. The positive �S◦ and negative �H◦ indi-
on-enzymatic glycosylation
inding site

cated that ionic interaction played a major role between levocetirizine and HSA. Circular dichroism (CD)
measurement showed that the secondary structure of HSA has changed in the presence of levocetirizine,
and �-helical content decreased from 63.1% for free HSA to 54.9% for combined HSA, and accordingly the
other secondary structure (�-strand, �-turns and others) contents increased to some extent. Finally, by
the competitive binding experiments it was deduced that levocetirizine specifically bound to HSA in the
region of site II, which meant the curative effect of levocetirizine should be reconsidered when it was

ith o
administrated together w

. Introduction

HSA is a major plasma protein, which plays an important role
n the physiological transport of many endogenous compounds
hrough the body, including free fatty acids, bile acids, and steroids.

oreover, it can also bind numerous exogenous compounds such
s drugs so that it affects the distribution and elimination of the
rugs in the body, as well as the duration and intensity of their
hysiological effects [1]. HSA contains 585 amino acid residues, and
he fluorescence of HSA was mainly ascribed to tryptophan-214,

hich located in site I [2]. Some compounds quench this fluores-

ence, and others enhance it. Based on these fluorescence changes,
he interaction between the drug and HSA can be examined [3,4].
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CET-06-0498), the Key Project of Chinese Ministry of Education (No.: 109085),
ational Key Technologies R&D Program of China (No.: 2006BAI08B05-08) and
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ther site II drugs.
© 2009 Elsevier B.V. All rights reserved.

A racemic drug contains two chiral enantiomers, one is effec-
tive to the disease while the other is always ineffective and even
exerts side effects on the body. Levocetirizine [5–7], as the active
enantiomer of cetirizine dihydrochloride, {2-[4-[(4-chlorophenyl)-
phenylmethyl]-1-piperazinyl] ethoxy} acetic acid, has advantages
over other antihistamines of higher effectiveness, less side effects
and longer duration, and begins to replace cetirizine in clinical ther-
apy stepwise. It has been clinically proved that half dosage from
levocetirizine (2.5 mg) has comparable anti-histaminic activity to
normal amount (5.0 mg) of cetirizine in the treatment of allergic
rhinitis and chronic idiopathic urticaria [8]. The chemical structures
of levocetirizine and dextrocetirizine are shown in Fig. 1.

At present, the investigation of the interaction between drugs
and protein has attracted much attention in chemistry, medicine
and pharmacology fields [9–13]. However, there are not any reports
about the interactions between cetirizine and HSA by molecular
spectroscopy. The spectroscopy method has the advantage of sim-
pleness, sensitivity and high reproducibility. Here we investigated

the biophysical interaction between levocetirizine and HSA using
fluorescence spectroscopy and circular dichroism (CD), aiming to
obtain the binding characteristic between levocetirizine and HSA
and afford some useful reference to the administration of levocet-
irizine.

http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
mailto:du_yingxiang@126.com
dx.doi.org/10.1016/j.saa.2009.09.033
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ig. 1. The chemical structures of levocetirizine dihydrochloride (R = R1) and dex-
rocetirizine dihydrochloride (R = R2).

In this study, by fluorescence quenching the values of binding
onstants for levocetirizine and HSA were measured and com-
ared with those for cetirizine in consideration of the different
fficiency of chiral enantiomers in the treatment of disease. HSA
ould be glycosylated under the condition of hyperglycemia for
iabetes, so the influence of NEG on the drug–protein interac-
ion was taken into account. In addition the effects of some

etal ions on the interaction were also investigated. Mean-
hile the conformation changes of protein induced by the

inding process were measured by CD. Finally, for the purpose
f clarifying levocetirizine binding site in HSA, the competitive
inding experiments were performed according to literatures
11,14,15].

. Materials and methods

.1. Materials

Fatty acid-free (<0.005%) and globulin-free HSA, glycosylated
SA (GHSA), warfarin, ibuprofen, 5-dimethylaminonaphthalene-
-sulfonamide (DNSA) and dansyl-l-proline (DLP) were purchased
rom Sigma Chemical Co. (St. Louis, MO, USA). Cetirizine dihy-
rochloride (≥99.5%) and levocetirizine dihydrochloride (≥99.5%)
ere obtained as gift samples from Jiangsu Institute for Drug Con-

rol (Nanjing, Jiangsu province, China).
The solutions of cetirizine, levocetirizine, HSA, GHSA were pre-

ared in pH 7.4 Tris–HCl buffer solution of 0.10 M NaCl. HSA
olution was prepared based on their molecular weights of 68,000.
he prepared solutions were stored at 0–4 ◦C. All other materials
ere of analytical reagent grade and double distilled water was
sed throughout.

.2. Apparatus

Fluorescence measurements were performed on a Shimadzu RF-
301 spectrofluorimeter (Shimadzu, Japan) equipped with a 1 cm
ath length quartz cell. The excitation and emission slit widths
ere both 3 nm for the fluorescence quenching experiment, and

n the competitive binding experiment the excitation slit was
nm and the emission slit was 5 nm for DNSA–HSA and 3 nm for
LP–HSA, respectively. A UV-2100 UV–vis recording spectropho-
ometer (Shimadzu, Japan) was used for the absorption spectra
easurements equipped with two 1 cm path length quartz cells,

nd the slit width was 1.0 nm. The CD measurements were made
n a J-810 spectropolarimeter (JASCO, Japan) using a 1.0 cm cell at
.2 nm intervals, with two scans averaged for each CD spectrum in
he range of 195–260 nm.
art A 74 (2009) 1189–1196

2.3. Procedures

2.3.1. Drug–protein interactions
The HSA concentration was fixed at 10.0 �M and the drug con-

centrations were varied from 66.7 to 400 �M. Fluorescence spectra
were recorded at three temperatures (301, 308 and 318 K) upon
excitation at 285 nm for HSA.

The GHSA and HSA concentrations were fixed at 15.2 �M and
the drug concentrations were varied from 0.333 to 40.0 �M. Fluo-
rescence spectra were recorded at 308 K upon excitation at 285 nm.

2.3.2. UV–vis measurements
The UV–vis measurements of HSA in the presence and absence

of drug were made in the range of 200–400 nm. The HSA concentra-
tion was fixed at 2.0 �M while the drug concentration was 40.0 �M.

2.3.3. Effects of some ions
The fluorescence spectra of drug–protein were recorded upon

excitation at 285 nm in the presence of various ions, including Cu2+,
Fe2+, Ca2+, Zn2+ and Co2+ with the common anions Cl−. The concen-
trations of HSA and the added ion were fixed at 10.0 and 100 �M,
respectively.

2.3.4. CD measurements
The CD measurements of HSA in the presence of and absence

of drug were performed with the scan rate at 50 nm/min. A
stock solution of 0.3 �M HSA was prepared in pH 7.4 50 mM
sodium phosphate buffer solution. The molar ratio of HSA to
levocetirizine was changed, and the CD spectrum was recorded
accordingly. The conformational changes of HSA were calculated
by using CDSSTR program of CDPro software available online at
http://lamar.colostate.edu/∼sreeram/CDPro.

2.3.5. Red edge excitation shift
The emission spectra of 1.0 × 10−5 mol L−1 HSA in pH 7.4

50 mM Tris–HCl buffer were recorded by changing the excita-
tion wavelength from 285 to 305 nm in the presence and absence
of 1.7 × 10−4 mol L−1 levocetirizine. The relationship between the
emission �max and the excitation wavelength was plotted.

2.3.6. Competitive binding experiments
To determine the specific binding sites in HSA, competitive

binding experiments were performed with a solution containing
10.0 �M HSA and 2.0 �M fluorescent markers. DNSA [11,14,15]
and DLP [11] were picked up as site I marker and site II marker,
respectively. The marker/HSA concentration ratio was kept 1/5 in
order to avoid nonspecific binding. The excitation wavelength was
343 nm for both marker–HSA complexes [11]. The amounts of lev-
ocetirizine in the DNSA–HSA solution were increased step by step,
and the fluorescence emission spectra of DNSA–HSA complex were
recorded accordingly. The effect of levocetirizine on the fluores-
cence emission of DLP–HSA complex was investigated in the same
way.

3. Results and discussion

3.1. The mode of fluorescence quenching

The fluorescence spectra of HSA in the presence of different
amounts of drugs were recorded as shown in Fig. 2. It can be seen
that both cetirizine and levocetirizine quenched the fluorescence

emission intensity of HSA.

The modes of fluorescence quenching are usually divided
into two types: static quenching and dynamic quenching. A
Stern–Volmer equation was applied to identify quenching type, as
follows.

http://lamar.colostate.edu/~sreeram/CDPro
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ig. 2. The fluorescence spectra of HSA (�excitation = 285 nm) quenched by levoceti-
izine (a), and cetirizine (b) at 308 K. The concentration of HSA was 10.0 �M, and the
oncentrations of drug were: (1) 0 �M; (2) 66.7 �M; (3) 133.3 �M; (4) 200.0 �M;
5) 266.7 �M; (6) 333.3 �M; (7) 400.0 �M.

The relationship between F0/F and the concentration of the
dded drug can be plotted according to Stern–Volmer equation
16]:

F0

F
= 1 + Kq�0CQ = 1 + KsvCQ (1)

here F0 and F are the steady-state fluorescence intensities of flu-
rophore in the absence and presence of quencher, respectively;
sv (L mol−1) is the Stern–Volmer quenching constant, which is the
roduct of bimolecular quenching constant (Kq, L mol−1 s−1) and
he fluorescence lifetime (�0, s) of the fluorophore in the absence
f the quencher; CQ is the concentration of quencher.

In this paper, we plotted the relationship between F0/F and CQ for
etirizine–HSA and levocetirizine–HSA systems at different tem-

eratures, according to Stern–Volmer equation, as shown in Fig. 3.

Table 1 gives the Stern–Volmer equation at different tempera-
ures. It was found that all the curves had good linearity.

There are two ways to distinguish dynamic quenching from
tatic one. One is to examine the values of Kq calculated by the

able 1
he Stern–Volmer equations based on the fluorescence quenching at different temperatu

T (K) Levocetirizine + HSA

Slope (Ksv) Intercept R

301 968.5 ± 23.5 1.0 ± 0.006 0.999
308 865.7 ± 11.0 1.0 ± 0.003 0.999
318 754.3 ± 29.9 1.0 ± 0.008 0.997
Fig. 3. The Stern–Volmer plots for levocetirizine–HSA (a) and cetirizine–HSA (b) at
different temperatures.

equation: Kq = Ksv/�0, where �0 was approximately about 5 ns for
HSA [17,18]. If the values of Kq are greater than the maximum
scatter collision quenching constants, 2 × 1010 L mol−1 s−1, it is
considered that the quenching is caused by the formation of a com-
plex, but not by the dynamic collision [19]. As shown in Table 1,
all of the Kq values in cetirizine–HSA and levocetirizine–HSA
systems were obviously greater than 2 × 1010 L mol−1 s−1, which
indicated that the quenching of HSA was not initiated by dynamic
collision but from the formation of a complex, static quench-
ing.

Another way to confirm the static quenching procedure is to
investigate the temperature effect on the values of Ksv. The Ksv val-
ues decrease with the increase of the temperature for the static
quenching, but the reverse effect will be observed for the dynamic
quenching [19]. The results in Table 1 showed that the values of Ksv
decreased with the increase of temperature, which also revealed
that the fluorescence quenching procedures of HSA initiated by
drugs in cetirizine–HSA and levocetirizine–HSA systems were static
quenching.

res.

Cetirizine + HSA

Slope (Ksv) Intercept R

736.7 ± 10.4 1.0 ± 0.003 0.999
629.5 ± 17.2 1.0 ± 0.004 0.999
574.6 ± 14.6 1.0 ± 0.004 0.999
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levocetirizine with GHSA became more strong due to the NEG.
Fluorometric and mass spectroscopic analysis of GHSA [26]

showed that NEG finally affect the N and C terminal regions of
HSA and change the intramolecular movement significantly. It was

Table 2
The values of lg KA and n calculated by Eq. (2) based on the fluorescence quenching.

T (K) 301 308 318
ig. 4. Absorption spectra of HSA, levocetirizine and levocetirizine–HSA: (1) 2.0 �M
SA; (2) 40.0 �M levocetirizine; (3) 2.0 �M HSA + 40.0 �M levocetirizine (the effect
f levocetirizine has been deducted in the spectrum 3).

The effect of levocetirizine on the UV–vis absorption spec-
ra of HSA was also examined. As shown in Fig. 4, levocetirizine
ltered the absorption spectra shape and intensity of HSA. This
esult also indicated that there was new complex formation
etween levocetirizine–HSA. The similar result was obtained in the
etirizine–HSA system

.2. Determination of the binding constants and the number of
inding sites

When small molecules bind independently to a set of equivalent
ites on a macromolecule, the equilibrium between free and bound
olecules is given by the following equation [20]:

g
(

F0

F
− 1

)
= lg KA + n lg[Q] (2)

here KA and n are the binding constant and the number of bind-
ng sites, respectively. Several sets of lg[(F0 − F)/F] versus lg[Q] can
e used to shape a curve, and the values of lg KA and n can be
etermined by the intercept and slope of the curve, respectively.
hese curves were shown in Fig. 5. The values of lg KA and n of the
nteraction between drugs and protein at different temperatures
re shown in Table 2.

As shown from the data listed in Table 2, the values of KA
ecreased while the number of binding sites kept unchanged as the
emperature increased. This implied the interaction between drug
nd HSA was exothermic reaction, and higher temperature inhib-
ted the formation of drug–HSA complex. This was validated by the
egative enthalpy change calculated in Section 3.5. From Table 2 it
as also shown that KA and n values for cetirizine and HSA were

reater than those for levocetirizine and HSA. The smaller n indi-
ated more free drug, and the smaller KA meant HSA–levocetirizine
omplex was more easily dissociated to generate free drug than
SA–cetirizine in the blood, which would influence the curative
ffect of the drug directly. That explained why the half dosage from
evocetirizine had the same curative effect as the normal amount
f cetirizine.

.3. The effect of NEG
Non-enzymatic glycosylation of protein occurs in diabetes in
onditions of hyperglycemia. The integrity of structural and func-
ional of the affected molecules would be perturbed by the NEG
21], and the NEG process always brings about the pathological
Fig. 5. The plots of lg(F0 − F)/F versus lg[Q] for levocetirizine–HSA (a) and
cetirizine–HSA (b).

changes of the affected organs such as kidney, eye, micro-vascular,
neurons and so on [22].

Albumin would also be non-enzymatic glycosylated in the blood
plasma of diabetes. Many investigators were interested in exploring
the interaction between drugs and GHSA and try to reveal the effect
of NEG on the function of transport drugs [11,23–25]. Here we tried
to clarify the effect of NEG on binding characteristics of HSA with
levocetirizine.

The values of lg KA and binding sites numbers were acquired in
the same way as shown in Section 3.2. At 308 K, the values of lg KA
and n for levocetirizine and GHSA were 3.97 ± 0.18 and 0.94 ± 0.04,
respectively. When the concentration of HSA was as same as GHSA,
the values of lg KA and n for levocetirizine and HSA were 3.24 ± 0.20
and 0.85 ± 0.04, respectively.

It was found that the values of lg KA and n for levocetirizine
and GHSA were all enhanced greatly compared with those for lev-
ocetirizine and HSA. It indicated that the binding strengthen of
Levocetirizine + HSA lg KA 2.83 ± 0.05 2.77 ± 0.04 2.69 ± 0.28
n 0.95 ± 0.01 0.95 ± 0.01 0.95 ± 0.08

Cetirizine + HSA lg KA 3.25 ± 0.12 3.19 ± 0.11 3.11 ± 0.11
n 1.11 ± 0.03 1.11 ± 0.03 1.10 ± 0.03
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major role in the binding of levocetirizine and HSA based on the
conclusion of the above reference. For levocetirizine and HSA sys-
tem, in pH 7.4 buffer levocetirizine mainly existed in the form
of NH+, and the net charge of HSA was negative (pI 4.7), so it is
very obvious that levocetirizine–HSA complex is formed mainly
ig. 6. The effects of Ca2+ on the fluorescence spectra of HSA and levocetirizine–HSA
�excitation = 285 nm) at 308 K. The concentrations of HSA, levocetirizine and Ca2+

ere 10.0, 400.0 and 100.0 �M, respectively.

educed that the structural changes of N and C terminal region
ontributed to the great enhancement of binding ability.

.4. Effects of metal ions

Albumin plays a major role in the transport of metal ions in blood
lasma. Cu2+, Fe2+, Ca2+ and Zn2+ in the blood plasma are indispens-
ble for one’s health. The added amounts of these metal ions in this
tudy approached to their reality levels in the body. Meanwhile,
o2+ is a transition metal that could bind to N-terminal region of
SA specifically. Hence, we chose the above five metal ions. Fig. 6

hows the typical fluorescence spectra of HSA–levocetirizine with
nd without Ca2+. It was observed that the fluorescence quenching
f HSA induced by levocetirizine was stronger in the presence of
etal ions than in the absence of metal ions.
Table 3 shows the values of lg KA and n for levocetirizine and HSA

n the presence of different metal ions. Unlike those in the absence
f metal ions, the values were enhanced in the presence of metal
ons. Liu et al. [27] considered that the metal ions could cause the
onformational transition of HSA and made it more open to bind
o drug. In this study it was possible that in the presence of above

etal ions, the conformation of albumin changed and better access
or levocetirizine binding was provided, accordingly the larger KA
alues. This also showed the binding sites for metal ions and drug
ere not the same.

Meanwhile, in Table 3 it was also observed that the enhance-
ents of lg KA and n were some larger in the presence of Cu2+ than

ther metal ions. The N-terminal region of HSA, which comprises
he amino acid sequence N-Asp-Ala-His-Lys (NTS), forms a strong
inding site for metals such as Co2+, Cu2+, Ca2+ and Zn2+ [28,29].

eanwhile, there are also a multimetal binding site (MBS), which

ocates at site I and site II [30,31]. NTS is the primary binding site
f high specificity and strong affinity for Cu2+. Stabilization energy
as −149.63 kcal/mol for Cu2+–NTS, which was much lower than

able 3
he values of lg KA and n for levocetirizine and HSA in presence of metal ions at
08 K.

Metal ions lg KA n

– 2.77 ± 0.04 0.95 ± 0.01
Cu2+ 3.65 ± 0.06 1.23 ± 0.02
Fe2+ 3.33 ± 0.04 1.06 ± 0.01
Ca2+ 3.23 ± 0.09 1.05 ± 0.02
Zn2+ 3.29 ± 0.09 1.05 ± 0.02
Co2+ 3.30 ± 0.07 1.07 ± 0.02
art A 74 (2009) 1189–1196 1193

that of Co2+–NTS, −89.41 kcal/mol [28]. Bal et al. [31] reported that
Ni2+, Zn2+ and Cd2+ could displace Cu2+ from the second site (MBS)
but not from the first strong site, NTS. This indicated that the con-
formation change induced by Cu2+ was greater than others, hence
leading to the larger binding constant of levocetirizine–HSA.

The values of lg KA and n were also enhanced when Fe2+ coex-
isted in the system, which implied that the presence of Fe2+ would
also change the binding ability between HSA and drugs, although
there were few literatures reported about it.

3.5. Types of interaction force

With a view to the dependence of binding constant on tempera-
ture, a thermodynamic process was considered to be responsible for
the formation of a complex. Therefore, the thermodynamic param-
eters dependent on temperatures were analyzed in order to further
characterize the acting forces between drug and HSA. The act-
ing forces between a small molecule and macromolecule mainly
include hydrogen bonds, van der waals forces, electrostatic forces
and hydrophobic interaction forces. The thermodynamic param-
eters, i.e. enthalpy change (�H◦), entropy change (�S◦) and free
energy change (�G◦) are the main evidences to determine the bind-
ing mode. The thermodynamic parameters can be evaluated using
the following equations according to the thermodynamics law:

lg KA = − �H◦

2.303RT
+ �S◦

2.303R
�G◦ = �H◦ − T �S◦

(3)

In the above equation, KA and R are the binding constant and
gas constant, respectively. Based on the binding constants at
four different temperatures (291, 301, 308 and 318 K), we plot-
ted the relationship between lg KA and 1/T (shown in Fig. 7) and
obtained an equation: y = 823.87x + 0.09652 (r = 0.999 5). Hence
for levocetirizine–HSA the value of �G◦, �H◦ and �S◦ was
−16.4 kJ mol−1, −15.8 kJ mol−1 and 1.8 J mol−1 K−1, respectively.
The negative �G◦ indicated that the reaction between levoceti-
rizine and HSA was spontaneous.

Ross and Subramaniam [32] had reviewed the characteristic
signs of the thermodynamic parameters associated with the var-
ious individual kinds of interactions. In present work, the positive
�S◦ and negative �H◦ indicated that ionic interaction played a
Fig. 7. The plot of lg KA versus 1/T.
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ig. 8. The CD spectra of HSA with and without levocetirizine, the HSA concentration
as 3 × 10−7 M, and the levocetirizine concentration was (1) 0 M; (2) 5 × 10−6 M; (3)
× 10−5 M; (4) 2 × 10−5 M. The effect of levocetirizine had been deducted accord-

ngly.

y the ionic interaction. This is in accordance with the above
onclusion.

.6. CD measurements

The protein has the property of circular dichroism, and the
easurement of far-UV CD spectra can reflect the secondary and

ertiary structure of protein [33–35]. To get a full appreciation of
he binding mechanism between levocetirizine and HSA, CD spec-
ra measurements were performed for HSA and HSA–drug complex.
ig. 8 shows the effect of levocetirizine on the CD spectra of HSA.

As seen in Fig. 8, there were two negative bands in the UV
egion at 208 and 222 nm, which are ascribed to n–�* transfer for
he peptide bond of �-helix and characteristic of �-helical struc-
ure of protein. The CD spectrum of levocetirizine has a negative
and at 212 nm. With the addition of levocetirizine in HSA solu-
ion, the observed ellipticity of 208 and 222 nm all decreased in the
ondition of subtracting the influence of levocetirizine.

The secondary structure of HSA was calculated by using the
rogram CDSSTR of CDPro software package [36]. The results of
onformational changes of HSA occurred upon complexation were
hown in Table 4.

According to Table 4, it was observed that every kind of
econdary structure content had changed in the presence of levoce-
irizine. As the drug concentration increased from 0 to 2 × 10−5 M,
-helical content decreased from 63.1% for free HSA to 54.9% for
ombined HSA, accordingly all the other secondary structure con-
ents (�-strand, �-turns and others) increased to some extent. It
mplied that the combination of drug had affected the secondary
tructure of HSA.
.7. Red edge excitation shift

For a fluorophore, a shift in the wavelength of maximum
uorescence emission toward higher wavelengths, caused by a

able 4
econdary structure of HSA complexes with levocetirizine calculated by CDSSTR
rogram.

Levocetirizine
concentration (M)

�-Helix
(±0.02)

�-Strand
(±0.03)

�-Turn
(±0.04)

Others
(±0.04)

0 0.631 0.125 0.111 0.129
5 × 10−6 0.590 0.143 0.119 0.145
1 × 10−5 0.573 0.160 0.125 0.147
2 × 10−5 0.549 0.173 0.126 0.164
Fig. 9. Dependence of the maximum emission wavelength on the excitation wave-
length for HSA: (1) with levocetirizine and (2) without levocetirizine.

corresponding shift in the excitation wavelength toward the red
edge of the absorption band, is termed the red edge excitation
shift (REES). This effect is mostly observed for polar fluorophores
in motionally restricted environment. It becomes possible to utilize
this approach to probe the mobility parameters of the environment
itself using the fluorophore merely as a reporter group [37,38]. The
emission spectra of HSA were recorded by changing the excitation
wavelength from 285 to 305 nm with and without of levocetirizine.
The relationship between the emission �max and the excitation
wavelength was plotted in Fig. 9.

From Fig. 9, it was seen that HSA behaved REES effect (about
5 nm) in the buffer of 50 mM Tris–HCl (pH 7.4) and in the presence
of levocetirizine the REES effect of HSA increased to about 9 nm.
This indicated that the fluorophore of HSA in the presence of levo-
cetirizine was in an environment, where its mobility (relative to the
microenvironment of the native protein) was markedly restricted
[37,38].

3.8. The binding sites of levocetirizine in HSA

The crystal analyses demonstrate that HSA contains three sim-
ilar �-helical domains (I–III) [39], and every domain has two
subdomains. Domain I is not an effective site. In contrast, subdo-
main IIA (site I) and subdomain IIIA (site II) are mainly binding
sites for drugs. The drugs sharing the same binding site will com-
petitively bind to HSA when they are administrated together, so
it is important to make clear the binding site of levocetirizine in
HSA.

As described by Kurono et al. [11] and Abuin et al. [15], DNSA and
DLP were picked up as site I and site II marker respectively, because
both of them could bind to HSA specifically and form complexes
of characteristic fluorescence spectra with the maximum emission
wavelength at about 475 nm. These two markers could indicate the
binding site of drug in HSA, because the added drug could quench
characteristic fluorescence of the complex if the drug had the same
binding site as the marker to compete for binding to HSA. This com-
plex system was used as a model for concluding the binding site of
levocetirizine in HSA in this study.

Warfarin is known as site I drug, its high and low binding sites
are all in site I. It is also reported that high binding site of ibuprofen
locates in site II when the ratio of ibuprofen to albumin is less than

1.0, and it also has low affinity with site I when the ratio is above
1.0 [40,41]. These two drugs were first selected as contrast in the
experiment so as to validate the above model.

As shown from Fig. 10(a), with the increase of warfarin addi-
tion into the DNSA–HSA system from 6.7 × 10−6 to 1.3 × 10−5 M,
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ig. 10. The effects of warfarin and ibuprofen on the DNSA–HSA and DLP–HSA fluor
arfarin in DLP–HSA; (d) ibuprofen in DLP–HSA.

t was observed that the emission fluorescence of DNSA–HSA at
74 nm disappeared gradually while the fluorescence intensity at
88 nm enhanced accordingly, which was ascribed to the native
uorescence of warfarin [39]. Meanwhile the fluorescence emis-
ion of DNSA–HSA at 474 nm was quenched more and more as
he addition of ibuprofen increased from 6.7 × 10−6 to 2.0 × 10−5 M
shown in Fig. 10(b)). From Fig. 10(d) it was seen that the fluo-
escence of DLP–HSA at 477 nm was also quenched gradually as

he concentration of the added ibuprofen in the DLP–HSA sys-
em increased from 6.7 × 10−6 to 2.0 × 10−5 M. However, warfarin
nhanced the fluorescence intensity at 477 nm as the concen-
ration increased from 6.7 × 10−6 to 2.0 × 10−5 M (Fig. 10(c)).
he conclusion inferred from these results based on the above

ig. 11. The effect of levocetirizine on the DNSA–HSA fluorescence
�excitation = 343 nm), the concentration of levocetirizine was (1) 0 M; (2)
.67 × 10−5 M; (3) 1.0 × 10−4 M; (4) 1.33 × 10−4 M; (5) 1.67 × 10−4 M.
ce (�excitation = 343 nm). (a) Warfarin in DNSA–HSA; (b) ibuprofen in DNSA–HSA; (c)

model is in accordance with the fact reported in references
[40,41].

Fig. 11 shows the effect of levocetirizine on the fluorescent emis-
sion spectra of DNSA–HSA complex.

It was clear that with the increase of levocetirizine concentra-
tion the fluorescence intensity of DNSA–HSA at 474 nm enhanced
accordingly. The effect of levocetirizine on the fluorescence emis-
sion spectra of DLP–HSA complex was shown in Fig. 12.

Obviously the fluorescence intensity of DLP–HSA at 477 nm

decreased gradually with the increase of levocetirizine amounts.
Evidently it is deduced that levocetirizine can compete with DLP
for binding to site II in HSA. Levocetirizine should be considered as
the site II drug.

Fig. 12. The effect of levocetirizine on the DLP–HSA fluorescence
(�excitation = 343 nm), the concentration of levocetirizine was (1) 0 M; (2)
1.67 × 10−5 M; (3) 3.33 × 10−5 M; (4) 5.0 × 10−5 M; (5) 6.67 × 10−5 M.
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. Conclusion

The interaction of levocetirizine with HSA was examined in this
aper. It was shown that the binding constant values for levocet-

rizine and HSA were smaller than those for cetirizine and HSA in
he same condition. This implied that HSA behaved stereoselectiv-
ty to two enantiomers of cetirizine to some extent, which could
nfluence the distribution, elimination, and even curative effect
xertion of two enantiomers in the body. So it was important to
void stereoisomeric contamination in drug production and clinical
herapy.

GHSA had a higher binding ability with levocetirizine due to
EG. The differences between native HSA and GHSA suggested that

he drug administration in diabetes should be distinct from the
ormal in order to achieve the same curative effect. At the same
ime, in the presence of Cu2+, Fe2+, Ca2+, Zn2+and Co2+ the binding
onstants for levocetirizine and HSA were increased, which meant
hat the effect of food containing rich these metal ions should be
ppraised if the patient was on medication.

According to the competitive binding experiments, levoceti-
izine could compete with DLP in site II, and had specific binding
bility with site II. The result denoted that the curative effect of
evocetirizine should be reconsidered when it was administrated
ogether with other site II drugs.

In summary, this study had characterized the interaction of lev-
cetirizine with HSA and had a great significance in instructing us
o administrate levocetirizine appropriately.
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