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bstract

This study was designed to examine the interaction of daunorubicin with human serum albumin (HSA) for the first time by fluorescence
pectroscopy in combination with UV absorption and molecular modeling under simulative physiological conditions. The quenching mechanism
as suggested to be static quenching according to the fluorescence measurement and the linearity of Scatchard plot indicated that daunorubicin
ound to a single class of binding sites on HSA. The thermodynamic parameters, enthalpy change (�H) and entropy change (�S) were calculated to
e −16.13 kJ/mol and 27.86 J/(mol K), according to the Vant’Hoff equation. These data suggested that hydrophobic interaction was the predominant
ntermolecular forces stabilizing the complex, which was in good agreement with the results of molecular modeling study. In addition, the effects

f common ions on the binding constant of daunorubicin–HSA complex were also discussed at room temperature. Moreover, the synchronous
uorescence technique was successfully employed to determine the total proteins in serum, urine and saliva samples at room temperature under

he optimum conditions with a wide linear range and satisfactory results.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Daunorubicin (Fig. 1) is one kind of new approved anti-
ancer drug, which is indicated for remission induction in acute
onlymphocytic leukemia (myelogenous, monocytic, erythroid)
f adults and for remission induction in acute lymphocytic
eukemia of children and adults. It is recommended that
aunorubicin must be administered only by physicians who are
xperienced in leukemia chemotherapy and in facilities with
aboratory and supportive resources adequate to monitor drug
olerance and protect and maintain a patient compromised by
rug toxicity. The physician and institution must be capable of
esponding rapidly and completely to severe hemorrhagic con-

itions and/or overwhelming infection. It is non-specific and
eversible that many of these agents can bind to serum proteins.
he binding affects their pharmacological and pharmacokinetic

∗ Corresponding author. Tel.: +86 373 3326336; fax: +86 373 3326336.
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roperties, and therefore a study on the binding of daunorubicin
o HSA is very significant. Nowadays, there have been some
eports that investigate the interaction of proteins with drugs by
uorescence techniques [1,2], yet the investigation on the bind-

ng interaction of daunorubicin and HSA has not been reported
t the molecular level.

Human serum albumin (HSA) is the most abundant protein
onstituent of blood plasma and serves as a protein storage
omponent. The three-dimensional structure of human serum
lbumin has been determined through X-ray crystallographic
easurements [3]. This globular protein consists of a single

olypeptide chain of 585 amino acid residues, which has many
mportant physiological functions [4]. HSA considerably con-
ributes to colloid osmotic blood pressure and realize transport
nd distribution of many molecules and metabolites, such as
atty acids, amino acids, hormones, cations and anions, and many

iverse drugs. HSA can bind and carry through the bloodstream
any drugs, including anticoagulants, tranquilizers, and gen-

ral anesthetics [5,6] are transported in the blood while bound
o albumin, which are poorly soluble in water. It has been shown

mailto:fenglingcui@hotmail.com
dx.doi.org/10.1016/j.ijbiomac.2007.10.013
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Fig. 1. The structural of daunorubicin.

hat the distribution, free concentration and the metabolism of
arious drugs can be significantly altered as a result of their bind-
ng to HSA [7]. Drug interactions at protein binding level will in

ost cases significantly affect the apparent distribution volume
f the drugs and also affect the elimination rate of drugs. Up
o now, extensive investigations into interactions between pro-
ein and internal compounds or pharmaceutical molecules have
een stimulated [8–10]. Because the studies on this aspect can
rovide information of the structural features that determine the
herapeutic effectivity of drugs, and have been an interesting
esearch field in life sciences, chemistry and clinical medicine.
n a series of study methods concerning the interaction of drugs
nd protein, fluorescence techniques are great aids in the study
f interaction between drugs and plasma proteins in general and
erum albumin in particular because of their high sensitivity,
apidity and ease of implementation.

The determination of proteins is very important in clin-
cal medicine, biochemistry, and laboratory tests. The most
requently used methods are the Biuret [11], Bromocresol
reen (BCG) [12], Coomassie Brilliant Blue (CBB) [13],

nd Bromophenol Blue [14]. In recent years, novel methods
uch as spectrophotometry [15], spectrofluorimetry [16], RLS
17], and chemiluminescence [18] were developed. The most
uantitative analysis for proteins is generally based on their flu-
rescence enhancement effect on organic dyes. However, the
rganic fluorophores often suffer from photobleaching, low sig-
al intensities, and random on/off light emission (blinking) [19].
hotobleaching is usually caused by sudden decomposition of

he emitter; it is the main factor limiting the maximum number
f photons obtained from a fluorophore. Low signal intensities
educe the accuracy of determination. Intermittent light emission
auses problems in real-time studies of biomolecular dynamics
uch as protein folding, signal transduction, and enzymatic catal-
sis. Synchronous fluorescence scan (SFS) analysis has become
new attractive method for the determination of biomolecules

20] since its introduction by Lioyd and Evett [21], who initially
pplied it in the field of forensic science. The main character-
stics of SFS are narrowing of the spectral band, simplification
f the emission spectra, and contraction of the spectral range.

ecause of its sharp, narrow spectrum, SFS serves as a very

imple, effective method of obtaining data for quantitative deter-
ination in a single measurement [22]. Recently, there have been

ome reports devoted to studies of the interaction between drugs
w
m

ical Macromolecules 42 (2008) 221–228

nd serum albumin [20,23]. However, the interaction between
aunorubicin and HSA, and the synchronous fluorescence deter-
ination of HSA have not been reported. Compared with other
olecular probe reported, an obvious characteristic was that the

inding mode was investigated by using molecular modeling,
he sensitivity and selectivity was higher, or the photostability
as higher because the fluorescence intensity was basically kept

t a constant value for at least 7 h, and or there was a wider linear
ange.

In this paper, the interaction of daunorubicin with HSA have
een studied under physiological conditions utilizing the flu-
rescence method in combination with UV absorption spectra
nd molecular modeling. The binding mechanism of daunoru-
icin to HSA was discussed. According to the mechanism of
örster energy transference, the transfer efficiency of energy
nd distance between daunorubicin and the acceptor HSA were
ound. The binding sites and main sorts of binding force have
een suggested. A novel method was established using syn-
hronous fluorescence technology for the determination of the
roteins in biology samples, based on the binding interaction of
aunorubicin with proteins.

. Materials and methods

.1. Reagents

Appropriate amounts of human serum albumin (Hualan Bio-
ogical Engineering Limited Company) was directly dissolved
n water to prepare stock solution at final concentration of
.0 × 10−5 M and stored in the dark at 0–4 ◦C. 8.1 × 10−4 M
aunorubicin (synthesized), 0.5 M NaCl working solution,
.1 M Tris–HCl buffer solution of pH 7.4 and other ionic solu-
ions were prepared. Human serum sample was obtained from
he Hospital of Henan Normal University. The serum sample
as diluted 100-fold with double water before determination.
ll chemicals were of analytical reagent grade and were used
ithout further purification. Double distilled water was used

hroughout.

.2. Apparatus

All fluorescence spectra were recorded on an FP-6200
pectrofluorimeter (JASCO, Japan) and a RF-540 spectroflu-
rimeter (Shimadzu, Japan) equipped with a thermostat bath,
sing 5 nm/5 nm slit widths. The UV absorption spectra were
erformed on a Tu-1810 ultraviolet-visible spectrophotometer
Beijing General Instrument, China). The pH values were mea-
ured on a pH-3 digital pH-meter (Shanghai Lei Ci Device
orks, Shanghai, China) with a combined glass electrode. All

alculations were performed on SGI workstation while studying
he molecular model.

.3. Optimization of experimental conditions
In order to get the best results, the optimal conditions
ere investigated. Various experimental parameters including
edium, pH, addition order, reaction temperature and �λ were
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length. The obvious enhancement of UV absorbency intensity
(A) and the change of absorption spectra verified the formation
of a new complex between daunorubicin and HSA.

Fig. 3. UV absorption spectra of HSA in the absence and pres-
F.-L. Cui et al. / International Journal of B

tudied with daunorubicin concentration being 8.1 × 10−4 M in
ll conditions. The experimental results shown us that 0.1 M
ris–HCl buffer solution of pH 7.4 was chosen as the supporting
edia; the Tris–HCl + NaCl + HSA + daunorubicin was selected

n this work; 22 ◦C was suggested as the preferable reaction tem-
erature; �λ = 20 nm was selected while scanning synchronous
uorescence spectroscopy.

.4. Measurements of spectrum

Under the optimum physiological conditions described
bove, 2.0 mL Tris–HCl buffer solution, 2.0 mL NaCl solu-
ion, appropriate amounts of HSA and daunorubicin were added
o 10.0 mL standard flask and diluted to 10.0 mL with double
istilled water. Fluorescence quenching spectra of HSA were
btained at excitation wavelength (280 nm) and emission wave-
ength (300–450 nm). Fluorescence spectra in the presence of
ther ions were also measured at the same conditions. In addi-
ion, the UV absorption and synchronous spectra of system were
ecorded.

.5. Molecular modeling study

The potential of the 3D structures of HSA was assigned
ccording to the Amber 4.0 force field with Kollman-all-atom
harges. The initial structures of all the molecules were gen-
rated by molecular modeling software Sybyl 6.9.1 [24]. The
eometries of this drug were subsequently optimized using
he Tripos force field with Gasteiger–Marsili charges. The
utoDock3.05 program was used to calculate the interaction
odes between the drug and HSA. Lamarckian genetic algo-

ithm (LGA) implemented in Autodock was applied to calculate
he possible conformation of the drug that binds to the protein.
uring docking process, a maximum of 10 conformers was con-

idered for the drug. The conformer with the lowest binding
ree energy was used for further analysis. All calculations were
erformed on SGI FUEL workstation.

. Results and discussion

.1. The binding mechanism analysis of daunorubicin and
SA

The aim of the present work was to investigate whether
aunorubicin interacts with HSA and changes the conformation
f HSA. The conformation changes in HSA were evaluated by
easuring the intrinsic fluorescence intensity of protein trypto-

han residues [25] in the absence and presence of daunorubicin.
he addition of daunorubicin caused a dramatic decrease in

he fluorescence emission intensity of HSA with a conspicu-
us change in the emission spectra (Fig. 2). HSA has a strong
uorescence emission with a peak at 337 nm on excitation at

80 nm, with gradual increase in drug concentrations, the max-
mum emission wavelength were shifted from 337 to 348 nm.
t can be seen that a higher excess of daunorubicin led to more
ffective quenching of the chromophore molecules fluorescence.

e
C
C
t
C

ig. 2. The fluorescence spectra of daunorubicin–HSA system. From 1 to 6:

HSA = 2.0 × 10−5 M; Cdaunorubicin = 0, 0.8, 1.6, 2.4, 3.2, 4.0 × 10−5 M.

he strong quenching of the fluorescence clearly indicated that
he binding of the drug to HSA changed the microenvironment
f tryptophan residue and the tertiary structure of HSA.

Further experiment was carried out with UV technique to
erify the binding of daunorubicin to HSA. Fig. 3 shows the
V absorption spectra of HSA in the absence and presence of
aunorubicin. The absorption of HSA (about 210 nm) represents
he helix structure of HSA [26]. As can be seen in Fig. 3, HSA
as strong absorbance with a peak at 209 nm and the absorbance
f HSA increased with the addition of daunorubicin; the chro-
ophore of daunorubicin–HSA gives a very specific pattern

f the UV–vis spectrum with slight dual absorbance spectra at
igher concentration of daunorubicin in the system from 238 to
90 nm, and the addition of daunorubicin results in the slightly
hift of daunorubicin–HSA spectrum toward a longer wave-
nce of daunorubicin (1–4) The UV absorption of daunorubicin–HSA,

HSA = 8 × 10−7 M; Cdaunorubicin = 3.2 × 10−5 M, Cdaunorubicin = 2.4 × 10−5 M,

daunorubicin = 1.6 × 10−5 M, Cdaunorubicin = 0.8 × 10−5 M. (5) The UV absorp-
ion of HSA, CHSA = 8 × 10−7 M. (6) The UV absorption of daunorubicin,

daunorubicin = 0.8 × 10−5 M.
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ig. 4. The Stern–Volmer curves for quenching of daunorubicin with HSA.

.2. Quenching mechanism and binding constants

The dynamic and static quenching can be distinguished by
heir different dependence on temperature [27]. The quench-
ng rate constants decreased with increasing temperature for the
tatic quenching, while the reverse effect was observed for the
ynamic quenching [22]. The possible quenching mechanism
an be interpreted by fluorescence quenching spectra of HSA
nd the F0/F–C (Stern–Volmer) curves of HSA with daunoru-
icin at different temperatures (22, 32, 42 ◦C) as shown in Fig. 4.
t could be found that the Stern–Volmer plots were linear and
he slopes decreased with the temperature increasing, indicating
he static quenching interaction between daunorubicin and HSA
ccurred.

The fluorescence quenching data at 22, 32 and 42 ◦C were
nalysed using the Stern–Volmer equation:

F0

F
= 1 + Kqτ0[Q] = 1 + Ksv[Q] (1)

here F0 and F are the steady state fluorescence intensities
n the absence and presence of quencher, respectively, Kq is
he quenching rate constant of the biomolecule, Ksv is the
tern–Volmer quenching constant and [Q] is the concentration
f quencher (daunorubicin); τ0 is the average fluorescence life-
ime of the biomolecule without daunorubicin. The Ksv values
nd correlation coefficient, R (the linear relationship between
0/F and [Q]) obtained at different temperatures are listed in

−8
able 1. The fluorescence lifetime of the HSA is 10 s [22], Ksv
s the slope of linear regression equation of Fig. 4. According to
q. (1), the quenching constant Kq was calculated to be about
012 L/(mol s) as listed in Table 1. However, the maximum scat-

able 1
he dynamic quenching constants (L/(mol s)) between daunorubicin and HSA

(◦C) Stern–Volmer equation Kq (L/(mol s)) R

2 Y = 1.006 + 1.599 × 104 [Q] 1.599 × 1012 0.9997
2 Y = 0.941 + 1.496 × 104 [Q] 1.496 × 1012 0.9997
2 Y = 0.910 + 1.447 × 104 [Q] 1.447 × 1012 0.9997

i
o
i
H

T
T

T

2
3
4

Fig. 5. Scatchard plot for the daunorubicin–HSA.

er collision quenching constant Kq of various quenchers with
he biopolymer is 2.0 × 1010 L/(mol s) [28]. Obviously, the rate
onstant of protein quenching procedure initiated by daunoru-
icin was greater than the Kq value of the scatter procedure,
hich demonstrated that the quenching was initiated not by
ynamic collision but by compound formation, which was in
ccordance with the results from the obvious enhancement of
V absorbency intensity (A) and the change of absorption spec-

ra as shown in Fig. 3 [29,30]. Therefore, the quenching of HSA
uorescence by daunorubicin depended on the formation of the
ew daunorubicin–HSA complex.

In drug–protein binding studies, several equations have been
sed for binding constant calculation. One frequently used is
catchard equation [31]:

r

Df
= nK − rK (2)

here r is the number of mol of bound drug per mol of pro-
ein, Df is the concentration of unbound drug, K is the binding
onstant, and n is the number of binding sites. Fig. 5 shows the
catchard plots for the daunorubicin–HSA system at different

emperatures. The linearity of the Scatchard plot indicated that
aunorubicin bound to a single class of binding sites on HSA,
hich was full agreement with the number of binding site n; and

he binding constants (K, Table 2) agree very closely with those
btained by the modified Stern–Volmer equation. In addition, it
as found that there was a strong interaction between daunoru-
icin and HSA, and the binding constant decreased with the

ncreasing temperature, resulting in a reduction of the stability
f the daunorubicin–HSA complex, but the effect of temperature
s very small. Thus, the quenching efficiency of daunorubicin to
SA is not reduced obviously when difference in temperature is

able 2
he binding constant (K, M) between daunorubicin and HSA

(◦C) Scatchard equation K (L/mol) n R

2 Y = 0.0175 − 0.0202r 2.02 × 104 0.8674 0.9924
2 Y = 0.0166 − 0.0195r 1.95 × 104 0.8490 0.9922
2 Y = 0.0160 − 0.0189r 1.89 × 104 0.9902 0.9898
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Fig. 6. Van’t Hoff plot for the interaction of daunorubicin and HSA.

ot wide. In this work, the binding constants obtained with the
odified Stern–Volmer equation are applied in the discussion

f binding modes.

.3. Binding modes

The molecular forces contributing to protein interactions with
mall molecules are bound to macromolecule by four bind-
ng modes: hydrogen bonds, van der Waals, electrostatic and
ydrophobic interactions. The signs and magnitudes of thermo-
ynamic parameters for protein reactions can be accounted for
he main forces contributing to protein stability. Because the
emperature effect is very small, the reaction enthalpy change
an be regard as a constant if the temperature range is not too
ide. The plot of ln K versus 1/T gave a straight line according

o the Van’t Hoff equation [32]:

n K = −�H

RT
+ �S

R
(3)

G = �H − T�S = −RT ln K (4)

here R is the gas constant. By plotting the binding constants
K values in Table 2) according to the Van’t Hoff equation, the
hermodynamic parameters were determined from a linear Van’t
off plot (Fig. 6) and listed in Table 3. As shown in Table 3,

he formation of a daunorubicin–HSA coordination compound
nvolved an exothermic and spontaneous reaction accompanied
y a positive �S value. Nemethy and Scheraga [33], Timash-
ff [34] and Ross and Subramanian [35] have characterized the

ign and magnitude of the thermodynamic parameter associated
ith various individual kinds of interaction that may take place

n protein association processes, as described below. From the
oint of view of water structure, a positive �S value and a neg-

able 3
he thermodynamic parameters for the binding daunorubicin to HSA

(◦C) �G (kJ/mol) �H (kJ/mol) �S (J/(mol K))

2 −24.31
2 −25.05 −16.13 27.86
2 −25.80
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tive �H value is frequently taken as evidence for hydrophobic
nteraction [36]. But it has been pointed out that specific elec-
rostatic interactions between ionic species in aqueous solution
ere characterized by a positive value of �S and a negative �H
alue. Accordingly, it was not possible to account for the ther-
odynamic parameters of the daunorubicin–HSA compound

ased on a single intermolecular force model. Furthermore, the
ain source of �G value is derived from a large contribution

f �S term with little contribution from the �H factor, so the
ain interaction is by hydrophobic contact, but the electrostatic

nteraction cannot be excluded.

.4. Molecular modeling

The complementary applications of molecule modeling have
een employed by computer methods to improve the understand-
ng of the interaction of daunorubicin and HSA. Descriptions
f the 3D structure of crystalline albumin have revealed that
SA comprises three homologous domains, (I–III): I (residues
–195), II (196–383), III (384–585), each domain is a prod-
ct of subdomains that posses common structural motifs. The
rystallographic analysis reveals that the principal regions of
igand binding to HSA are located in hydrophobic cavities
n subdomains IIA and IIIA, respectively, which exhibit sim-
lar chemistry [37]. Despite very high stability, HSA is a
exible protein with the 3D structure susceptible to environ-
ental factors such as pH, ionic strength, etc. [38]. It was

roposed that the binding took place near Trp-214 and led to
conformational change with a local perturbation of the IIA

inding site in HSA [1,39] There is a large hydrophobic cav-
ty present in subdomain IIA to which many drugs can bind
1].

The crystal structure of HSA in complex with warfarin was
aken from the Brookhaven Protein Data Bank (entry codes
h9z). The potential of the 3D structure of HSA was assigned
ccording to the Amber 4.0 force field with Kollman-all-atom
harges. The initial structures of all the molecules were gen-
rated by molecular modeling software Sybyl 6.9.1 [24]. The
eometry of the molecule was subsequently optimized to min-
mal energy using the tripos force field with Gasteiger–Marsili
harges. Then it was used to replace warfarin in the HSA-
arfarin crystal structure. The Flexx program was applied to

alculate the possible conformation of the ligands that bind to
he protein. The conformer with (rootmeans-square) (RMS) was
sed for further analysis. Based on this type of approach, a
omputational model of the target receptor has been built, par-
ial binding parameters of the daunorubicin–HSA system were
alculated through SGI FUEL workstations. The best energy
anked results are shown in Fig. 7. As shown in Fig. 7, the
rug molecule was located within the binding pocket and the
our rings were practically coplanar. The E-ring of daunoru-
icin was inserted in the hydrophobic cavity of site I, and
t was important to note that the trptophan residue of HSA

Trp-214) is in close proximity to daunorubicin suggesting
he existence of hydrophobic interaction between them. Fur-
her, this finding provides a good structural basis to explain
he efficient fluorescence quenching of HSA emission in the
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Fig. 7. The interaction model between daunorubicin and HSA. The residues of
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of daunorubicin–HSA that can be used as a model for investi-
gating the interaction of daunorubicin to HSA. Table 4 is the
result of the effect of common ions on the binding constants at
295 K. It is shown that the binding constants between daunoru-
aunorubicin and HSA are represented using different tinctorial stick model.
he hydrogen bond between the ligand and the protein is indicated by dashed

ine.

resence of the daunorubicin. There were also hydrogen bonds
etween daunorubicin and the residues LEU-219 and ALA-291
f HSA, the result indicated that the formation of hydrogen
ond decreased the hydrophilicity and increased the hydropho-
icity to stability in the daunorubicin–HSA system. On the
ther hand, the amino acid residues with a benzene ring can
atch that of the daunorubicin in space in order to firm

he conformation of the complex. The ligand binding regions
f HSA located in hydrophobic cavities in subdomains IIA
ere large enough to accommodate the daunorubicin. The

esults obtained from modeling indicated that the interaction
etween daunorubicin and HSA was dominated by hydrophobic
orce.

.5. Distance measurement between tryptophan and
aunorubicin binding site

According to the Förster’s theory [40], the efficiency of
nergy transfer is related to not only the distance between tryp-
ophan residue (donor) and cytidine (acceptor), but also to the
ritical energy transfer distance. That is:

= 1 − F

F0
= R6

0

R6
0 + r6

(5)

here r represents the distance between donor and acceptor. R0
s the critical distance when transfer efficiency is 50%, which
an be calculated by

6
0 = 8.8 × 10−25k2n−4ΦJ (6)
here k2 is the orientation factor related to the geometry of the
onor–acceptor of dipole, n is the refractive index of medium,
is the fluorescence quantum yield of the donor, J is the spectra

verlap of the donor emission and the acceptor absorption. J is

F
fl
t
(

ical Macromolecules 42 (2008) 221–228

iven by

=
∑

F (λ)ε(λ)λ4�λ
∑

F (λ)�λ
(7)

here F(λ) is the fluorescence intensity of the fluorescence
eagent when wavelength is λ, ε(λ) is the molar absorbance
oefficient of the acceptor at the wavelength of λ. From these
quations, J, E and R0 can be calculated, so the value of r also
an be evaluated. The overlap of the fluorescence spectrum of
SA and the absorption spectrum of daunorubicin is shown in
ig. 8.

From Fig. 8, the overlap integral calculated according to the
bove relationship were 2.811 × 10−14 cm3 L/mol. It had been
eported that: k2 = 2/3, n = 1.336, Φ = 0.118 for HSA [41]. Based
n these data, the distance between daunorubicin and tryptophan
esidue in HSA was 3.78 nm. Obviously, it was lower than 7 nm
fter interaction between daunorubicin and HSA. This accorded
ith conditions of Förster’s non-radiative energy transfer theory

ndicating that the energy transfer happened when binding and
gain a static quenching interaction between them, and energy
ransfer depend on the distance between the tryptophan residue
nd daunorubicin bound to HSA.

.6. Effect of co-ions on binding of daunorubicin to HSA

The binding of ions to proteins is of great interest in bio-
ogical science (catalytic function, structural stability) and a
ood understanding of this relationship is needed for the con-
rol of the structure and functionality of proteins. The previous
tudies indicated that HSA has a high-affinity metal-binding
ite at N-terminus. The multiple binding sites underlie the
xceptional ability of HSA to interact with many organic and
norganic molecules and make this protein an important regula-
or of intercellular fluxes and the pharmacokinetic behavior of

any drugs [38]. Therefore, we are interested in examining the
ffect of inorganic cations and anions on the solution system
ig. 8. The overlap of UV absorption spectrum of daunorubicin with the
uorescence emission spectrum of HSA. (a) The fluorescence emission spec-

rum of HSA (8 × 10−7 M); (b) the UV absorption spectrum of daunorubicin
8.1 × 10−6 M).
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Table 4
The binding constants between daunorubicin and HSA in the presence of other
ions

Ions K R Ions K R

Zn+ 1.38 × 104 0.9997 K+ 1.36 × 104 0.9987
SO4

2− 0.75 × 104 0.9970 NH4
+ 0.70 × 104 0.9991

CO3
2− 1.93 × 104 0.9997 Na+ 1.97 × 104 0.9989

PO4
3− 1.34 × 104 0.9999 Cl− 0.98 × 103 0.9990

C
N

b
i
t
d
p
t
r

4

4

s
h
o
b
d
b
i
w
m
t
w
I
fi
I
s

F
1
4

Table 5
Determination result of serum, urine and saliva samples (n = 6)

Samples Added
(g/mL)

Found
(�g/mL)

Recovery
(%)

R.S.D.
(%)

Serum

0 60.23 0.48
55.2 117.87 102.1 1.05

110.4 178.4 104.5 0.77
165.6 228.2 101.1 0.96

Urine

0 2.55 0.38
55.2 55.22 95.6 0.45

110.4 109.21 96.7 0.79
165.6 163.43 97.2 1.02

Saliva

0 25.67 1.23
55.2 83.64 103.4 0.88

f
b

4

t
i
s
n
h
w
t
s
d
b
p
p

a2+ 1.46 × 104 0.9993 Mn2+ 1.41 × 104 0.9982
O3

− 0.91 × 104 0.9999 Pb2+ 0.80 × 104 0.9996

icin and protein have changed in the presence of common ions,
mplying there was a binding between metal ions and HSA and
he presence of metal ions directly affected the binding between
aunorubicin and HSA. As a result, the binding force between
rotein and pharmaceutical also decreased, shortened the stored
ime of pharmaceutical in blood plasma and improved maximum
eaction intensity of pharmaceutical.

. Determination of HSA in biology samples

.1. Precision, limits of detection and working curve

Based on the binding of HSA to daunorubicin, we employed
ynchronous fluorescence spectra to quantitative determine the
uman serum albumin. Fig. 9 shows the synchronous spectra
f HSA in the presence of appropriate daunorubicin. It could
e seen that: the synchronous fluorescence intensity (ISF) of
aunorubicin was very weak, so that the effect of daunoru-
icin on the determination of HSA could be eliminated, and the
ntensity of the synchronous fluorescence increased noticeably
ith increasing of the concentration of HSA. The enhance-
ent intensity of synchronous fluorescence was proportion

o the concentration of HSA. The linear range determined
as 1.1–469.2 �g/mL, the linear regression equations was

7

HSA = 6.2059 + 1.3854 × 10 CHSA (M) with a correlation coef-
cient (R) of 0.9997. The detection limit for HSA as defined by
UPAC was determined to be 0.4997 �g/mL [42]. The relative
tandard deviation (R.S.D.) was 1.35% for HSA, as obtained

ig. 9. Synchronous fluorescence spectra of HSA. Cdaunorubicin = 8.13 ×
0−6 M; from 1 to 18, CHSA = 0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6, 4.0, 4.4,
.8, 5.2, 5.6, 6.0, 6.4, 6.8 × 10−6 M.

a
v
t
s

5

i
u
i
q
w
f
r
s
c
i
t
w
b

110.4 133.36 98.0 0.71
165.6 188.33 98.5 0.69

rom six replicate determinations of 8.13 × 10−4 M for daunoru-
icin.

.2. Analysis of biology samples

Because the present method showed protein specificity, we
hought it suitable for determining the total content of protein
n complex samples containing different types of proteins (e.g.:
erum albumin). Thus, this method was applied to the determi-
ation of total protein in serum, urine, saliva samples. Standard
uman serum, which was used to construct a calibration curve,
as obtained by mixing 40 normal serum samples. Construc-

ion of the calibration curve and analysis of the serum, urine,
aliva samples were then performed according to the procedures
escribed above. Serum sample was diluted 100-fold with dou-
le distilled water just before determination without any other
retreatment, urine and saliva samples were also diluted appro-
riate folds. Table 5 displayed the results of determination by
standard addition method for biology samples, which were

ery satisfying. Therefore, the proposed method has potential for
he sensitive and rapid determination of total protein in biology
amples.

. Conclusions

The interaction between daunorubicin and HSA has been
nvestigated by different spectroscopy techniques under sim-
lative physiological conditions. This study showed that the
ntrinsic fluorescence of HSA was quenched through static
uenching mechanism and the binding of daunorubicin to HSA
as predominantly owing to hydrophobic interaction estimated

rom the signs of �H and �S, which was consistent with the
esult from molecular modeling study. Experimental results
howed that the binding of daunorubicin to HSA induced a
onformational change of HSA, which was proved by the qual-

tative analysis data of UV absorbance. This study also showed
hat daunorubicin was a strong quencher and bound to HSA
ith high affinity. Based on this phenomenon, a new method
y synchronous fluorescence for the rapid and simple determi-
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ation of the proteins in biology samples was provided. The
esults showed that the present method was comparable with
ther methods in terms of sensitivity, rapid, simplicity and lin-
ar range. This method might be expanded to the application in
iochemistry and clinic practice.
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