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The interaction between troxerutin and bovine serum albumin (BSA) was investigated by fluorescence
and absorption spectroscopy under simulative physiological conditions. Results show that troxerutin
causes the fluorescence quenching of BSA through a static quenching procedure. The binding constant
KA and number of binding sites n of troxerutin with BSA were obtained. Positive values of thermodynamic
parameters enthalpy change (DH) and entropy change (DS) indicate that the interaction between troxe-
rutin and BSA is driven mainly by hydrophobic forces. It seems that the binding is spontaneous at stan-
dard state for the change in standard Gibbs free energy (DG) value is negative. The binding distance
between the donor (BSA) and the acceptor (troxerutin) was calculated to be about 4.21 nm based on
the Förster theory. The effect of troxerutin on the conformation of BSA was also analyzed by using syn-
chronous fluorescence spectroscopy.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

It is well known that the serum albumin is a major soluble pro-
tein constituent in the circulatory system, which plays an impor-
tant role in the transportation and deposition of many drug
molecules in the blood [1–3]. The binding ability of drug–albumin
in blood stream may have a significant impact on distribution, free
concentration and metabolism of drug. Therefore, many efforts
have been paid on the interaction of drugs and serum albumins
for knowing the transportation and distribution in the body, as
well as for clarifying the action mechanism and pharmaceutical
dynamics [4,5]. In this work, bovine serum albumin (BSA) is se-
lected as our protein model because of its medical importance, sta-
bility, low cost, unusual ligand-binding properties and structural
homology with human serum albumin [6].

Troxerutin, namely {2-[3,4-bis(2-hydroxyethoxy)phenyl]-3
[(6-deoxy-a-L-manno-pyranos-yl)-b-(D-glucopyranosyl)]oxy]-5-hy-
doxy-7-(2-hydroxyethoxy)-4H-1-benzopyran-4-one}, is a flavo-
noid present in tea, coffee, cereal grains and a variety of fruits
and vegetables [7–9]. Troxerutin has been commonly used in the
treatment of Chronic Venous Insufficiency (CVI), varicosity and
capillary fragility [10]. It exerts a great impact on improving capil-
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lary function, reducing capillary fragility and abnormal leakage,
and it has anti-erythrocytic, anti-thrombotic, fibrinolytic, oede-
ma-protective and rheological activity [11]. Recently, many studies
have been carried out to investigate the characteristics and appli-
cations of troxerutin due to its broad pharmacological activities.
For example, Fan et al. [12] studied the protective role of troxerutin
against D-galactose-induced renal injury in mice. Adam et al. [13]
investigated the hepatic protective mechanisms of troxerutin for
preventing possible coumarin-induced liver injuries in the rat-
model. To the best of our knowledge, few investigations have been
conducted to study the interaction between troxerutin and BSA,
such as the binding mechanism, binding site, binding distance
and so on. However, these parameters are very important in the
interaction of troxerutin to BSA, when troxerutin is used as a drug.
Hence, investigating the interaction between troxerutin and BSA
will help in understanding the troxerutin’s toxicity and its distribu-
tion in the organism.

Fluorescence spectroscopy is essentially a probe technique
sensing changes in the local environment of the fluorophore, which
has been widely used for drug–protein studies [14–17]. In this pa-
per, the binding of troxerutin to BSA was studied under physiolog-
ical buffer solution (pH 7.4) by fluorescence and absorption
spectroscopy. The binding constants were calculated and binding
mechanism was proposed. In addition, the effect of troxerutin on
the conformational change of BSA was also studied. We hope this
work cannot only provide useful information for appropriately
understanding the troxerutin’s toxicity, but also illustrate its bind-
ing mechanisms at a molecular level.
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Fig. 1. The fluorescence quenching spectra of BSA at different concentrations of
troxerutin (T = 299 K, pH 7.4 and kex = 290 nm); from curve 1–9.
CBSA = 1.0 � 10�6 mol L�1, troxerutin concentrations: 0, 0.5, 1.0, 1.5, 2.0–2.5, 3.0,
3.5 and 4.0 � 10�6 mol L�1, respectively.

Fig. 2. The Stern–Volmer plots for the quenching of BSA by troxerutin at different
temperatures. CBSA = 1.0 � 10�6 mol L�1; kex = 290 nm; pH 7.4.
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2. Experimental

2.1. Materials

Bovine serum albumin was purchased from Boquan Biochemi-
cal Technology Co., Ltd. (Nanjing, China) and used without further
purification. Troxerutin was obtained from Shanxi Yabao Pharma-
ceutical Group Co., Ltd. (Shanxi, China). BSA stock solution
(1.0 � 10�6 mol L�1) was prepared in pH 7.4 phosphate buffer solu-
tion containing 0.1 mol L�1 NaCl. The troxerutin solution
(6.0 � 10�5 mol L�1) was prepared in pH 7.4 phosphate buffer solu-
tion, respectively. All other chemicals were of analytical reagent
grade and double distilled water was used throughout.

2.2. Apparatus

All the fluorescence spectra were performed on a RF-5301PC
spectrofluorophotometer (Shimadzu, Japan) equipped with a
150-W Xenon lamp, using a quartz cell of 1.0 cm path length.
The absorption spectrum was recorded with a UV-3600PC spectro-
photometer (Shimadzu, Japan) equipped with 1.0 cm quartz cell.

2.3. Procedures

A 3-ml solution, containing appropriate concentration of BSA
(1.0 � 10�6 mol L�1), was titrated by successive additions of
6.0 � 10�5 mol L�1 stock solution of troxerutin (to give a final con-
centration of 4.0 � 10�6 mol L�1). Titrations were done manually
by using micro-injector. The fluorescence emission spectra were
recorded at different temperatures (299 and 309 K) in the wave-
length range of 300–410 nm with exciting wavelength at 290 nm.
The temperature of samples was maintained by recycled water
throughout.

3. Results and discussion

3.1. Fluorescence quenching of BSA by troxerutin in physiological
condition

Fluorescence quenching is due to the decrease of the quantum
yield of fluorescence from a fluorophore induced by a variety of
molecular interactions with quencher molecule, including ex-
cited-state reactions, molecular rearrangements, energy transfer,
ground-state complex formation and collisional quenching pro-
cesses [18]. It is known that there are two quenching mechanisms
involved in quenching process, which are usually classified as dy-
namic quenching and static quenching [19]. In general, dynamic
and static quenching can be distinguished by their different depen-
dence on temperature and viscosity [19]. The quenching rate con-
stants decrease with increasing temperature for static quenching,
but the reverse effect is observed for dynamic quenching.

The effect of troxerutin on BSA fluorescence intensity is shown
in Fig. 1. It is obvious that BSA has a strong fluorescence emission
peak at 339 nm after being excited with a wavelength of 290 nm.
The fluorescence intensity of BSA gradually decreases as increasing
the concentration of troxerutin, indicating the binding of troxeru-
tin to BSA. Furthermore, there was a slight blue shift at the maxi-
mum wavelength of BSA (from 339 to 329 nm) after the addition
of troxerutin. It suggests that the microenvironment of tryptophan
residue was changed after addition of troxerutin [20].

In order to clarify the quenching mechanism, the fluorescence
quenching data are analyzed by the Stern–Volmer equation [19]:

F0=F ¼ 1þ kqs0½Q � ¼ 1þ KSV½Q � ð1Þ

kq ¼ KSV=s0 ð2Þ
where F0 and F are the fluorescence intensities before and after the
addition of the quencher, respectively. kq, KSV, s0 and [Q] are the
quenching rate constant of the biomolecule, the Stern–Volmer dy-
namic quenching constant, average life-time of the biomolecule
without quencher (s0 = 10�8 s [21]) and the concentration of the
quencher, respectively.

Fig. 2 shows the Stern–Volmer plots of the quenching of BSA
fluorescence by troxerutin at different temperatures. The plots
show a good linear relationship within the investigated concentra-
tions. The Stern–Volmer quenching constants KSV and the correla-
tion coefficient of each curve were calculated from the slope of the
regression curves: 5.81 � 105 L mol�1, R = 0.9982 at 299 K;
5.24 � 105 L mol�1, R = 0.9987 at 309 K. Since the typical fluores-
cence life-time of biopolymers was about 10�8 s, thus kq were ob-
tained as kq = 5.81 � 1013 L mol�1 s�1 at 299 K and 5.24 �
1013 L mol�1 s�1 at 309 K, based on Eq. (2). The results showed that
the values of Stern–Volmer quenching constants KSV and kq de-
creased with increasing temperature and the values of kq were
much greater than the limiting diffusion rate constant of the bio-
molecule (2.0 � 1010 L mol�1 s�1) [22], which indicated that the
probable quenching mechanism of BSA–troxerutin interactions
was initiated by complex formation rather than by dynamic colli-
sion [23]. In other words, the fluorescence quenching of BSA results
from complex formation predominantly, while that dynamic colli-
sion could be negligible.
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UV absorption spectrum is a very useful method to explore the
structural change and the complex formation [24]. In the present
study, the UV absorption spectra of BSA in the presence and ab-
sence of troxerutin were measured. As shown in Fig. 3, the maxi-
mum absorption peak of BSA and troxerutin appeared at 278.5
and 252.0 nm, respectively. With the addition of troxerutin, a
new peak appeared at 271.5 nm. Meanwhile, the absorption inten-
sity of BSA was enhanced. The changing of the UV absorption spec-
trum of BSA was due to forming a ground-state complex (BSA–
troxerutin). These results confirmed that the fluorescence quench-
ing type of BSA initiated by troxerutin was static quenching.
Fig. 4. Double-logarithm plot of troxerutin quenching effect on BSA fluorescence at
299 K and 309 K.

Table 1
The binding parameters, number of binding sites and thermodynamic parameters for
BSA–troxerutin complex at different temperatures.

T
(K)

KA

(mol�1 L)
n Ra DH

(kJ mol�1)
DG
(kJ mol�1)

DS
(J mol�1 K�1)

299 6.86 � 106 1.20 0.9989 20.08 �39.13 198.03
309 8.91 � 106 1.33 0.9978 20.08 �41.11 198.03

a R is the correlation coefficient for the KA values.
3.2. The binding constant and the number of binding site

For static quenching, the relationship between fluorescence
quenching intensity and the concentration of quenchers can be de-
scribed by the binding constant formula [25]:

logðF0 � FÞ=F ¼ log KA þ n log½Q � ð3Þ

where KA and n are the binding constant and the number of binding
sites, respectively. Fig. 4 shows the double-logarithm curve and Ta-
ble 1 gives the corresponding calculated results. The high linear cor-
relation coefficient R indicates that the interaction between
troxerutin and BSA agrees well with the site-binding model under-
lies in Eq. (3). The results show that troxerutin can bind to BSA and
the binding constant increased with the increasing temperature,
indicating that the capacity of troxerutin binding to BSA is en-
hanced. The values of n approximately equal to 1 indicating that
there is one binding site in BSA for troxerutin. BSA has two trypto-
phan residues that possess intrinsic fluorescence: Trp-134 and Trp-
212. Trp-134 is embedded in the first sub-domain IB and is more
exposed to hydrophilic environment, whereas Trp-212 is embedded
in sub-domain IIA and deeply buried in the hydrophobic loop. So,
from the value of n, troxerutin most likely binds to the hydrophobic
pocket located in sub-domain IIA [26].
3.3. Thermodynamic parameters and nature of the binding forces

The interaction forces between a small molecule and macro-
molecule commonly include hydrophobic force, electrostatic inter-
actions, van der Waals interactions, hydrogen bonds, etc. [27]. The
thermodynamic parameters, enthalpy change (DH), free energy
(DG) and entropy change (DS) of reaction, are important for con-
Fig. 3. The UV absorption spectra of troxerutin, BSA and troxerutin–BSA system. (a)
The absorption spectra of troxerutin–BSA; (b) the absorption spectrum of BSA only;
(c) the absorption spectrum of troxerutin only; Ctroxerutin = 6.0 � 10�6 mol L�1,
CBSA = 6.0 � 10�6 mol L�1; pH 7.4; T = 299 K.
firming acting force. For this reason, the temperature dependence
of the binding constant was studied.

If the temperature does not vary significantly, the enthalpy
change can be regarded as a constant. The thermodynamic param-
eters were calculated from the Van’t Hoff equation:

ln
ðKAÞ2
ðKAÞ1

¼ 1
T1
� 1

T2

� �
DH
R

ð4Þ

DG ¼ �RT ln KA ð5Þ

DG ¼ DH � TDS ð6Þ

where R is the gas constant, T is the experimental temperature and
KA is the binding constants at corresponding T. Table 1 gives the
thermodynamic parameters for the interaction of troxerutin with
BSA. The negative sign for DG means the interaction process is
spontaneous. The positive DH and DS values indicate that hydro-
phobic force plays a major role in the binding between troxerutin
and BSA [28].

3.4. Energy transfer from BSA to troxerutin

According to Förster’s theory, the energy transfer-efficiency is
defined as the following equation:

E ¼ 1� F
F0
¼ R6

0

R6
0 þ r6

ð7Þ

where F and F0 are the fluorescence intensities of BSA in the pres-
ence and absence of troxerutin, r is the distance between acceptor
and donor and R0 is the critical distance when the transfer efficiency
is 50% [29]. R0 is given by the following equation:

R6
0 ¼ 8:79� 10�25k2N�4uJ ð8Þ

where k2 is the spatial orientation factor of the dipole, N is the
refractive index of medium, u is the quantum yield of the donor
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and J is the overlap integral of the fluorescence emission spectrum
of the donor with the absorption spectrum of the acceptor (Fig. 5),
which can be calculated by the equation:
J ¼
P

FðkÞeðkÞk4DkP
FðkÞDk

ð9Þ
where F(k) is the fluorescence intensity of the donor in the wave-
length range k to k + Dk, e(k) is the molar absorption coefficient of
the acceptor at k. In the presence case, k2 = 2/3, N = 1.336 and
u = 0.118 [30,31]. According to Eqs. (7)–(9), we could obtain that
J = 2.38 � 10�13 cm3 L mol�1, R0 = 4.16 nm, E = 0.48 and r =
4.21 nm. The donor-to-acceptor distance is much smaller than
8 nm, which implies a high probability of the energy transfer from
BSA to troxerutin [32]. It is in accordance with the conditions of För-
ster’s non-radiative energy transfer theory, confirming the static
quenching interaction between troxerutin and BSA.
Fig. 6. Synchronous fluorescence spectra of BSA (T = 299 K, pH 7.4), from curve 1–9.
CBSA = 1 � 10�6 mol L�1, Ctroxerutin = 0, 0.5, 1.0, 1.5, 2.0–2.5, 3.0, 3.5 and
4.0 � 10�6 mol L�1, respectively. (a) Dk = 15 nm and (b) Dk = 60 nm.
3.5. Conformation investigation

The synchronous fluorescence spectra give information about
the molecular environment in a vicinity of the chromosphere mol-
ecules and have several advantages, such as sensitivity, spectral
simplification, spectral bandwidth reduction and avoiding differ-
ent perturbing effects [33]. It is applicable method to study the
environment of amino acid residues by measuring the possible
shift in wavelength emission maximum kmax, the shift in position
of emission maximum corresponding to the changes of the polarity
around the chromophore molecule [20]. When the D-value (Dk)
between excitation wavelength and emission wavelength were
stabilized at 15 or 60 nm, the synchronous fluorescence gives the
characteristic information of tyrosine residues or tryptophan resi-
dues [34].

The effect of troxerutin on BSA synchronous fluorescence
spectroscopy is shown in Fig. 6. It is obvious that the maximum
emission wavelength of tyrosine residues does not have a signifi-
cant shift. In contrast, a slight blue shift (from 340 to 338 nm) of
tryptophan residues was observed. The blue shift of the maximum
emission wavelength indicates that the conformation of BSA was
changed and the polarity around the tryptophan residues was
decreased and the hydrophobicity was increased [33], but the
interaction of BSA with troxerutin does not obviously effect confor-
mation of tyrosine micro-region [35].
Fig. 5. The overlap of the fluorescence spectrum of BSA (a) and the absorbance
spectrum of troxerutin (b): CBSA = Ctroxerutin = 1.0 � 10�6 mol L�1.
4. Conclusions

The interaction between troxerutin and BSA in physiological
buffer solution was studied by fluorescence and absorption spec-
troscopy. The results showed that the fluorescence of BSA was
quenched by troxerutin through a static quenching process. The
binding constants KA were obtained to be 6.86 � 106 and
8.91 � 106 L mol�1 at 299 and 309 K, respectively. The thermody-
namic parameters calculated from van’t Hoff equation indicate that
the hydrophobic force plays an important role in stabilizing the
complex and the binding reaction is a spontaneous process. The
average binding distance between the donor (BSA) and the accep-
tor (troxerutin) was about 4.21 nm. The results of synchronous
fluorescence spectroscopy indicate that the interaction of BSA with
troxerutin affects the conformation of tryptophan residues’ micro-
region.
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