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Optical methods are very useful for the study on behavior of molecules in albumin-containing solutions.
The interaction between quercetin (QUE) and human serum albumin (HSA) under physiological conditions was
investigated by the methods of UV-Vis absorption and fluorescence spectroscopy. Fluorescence data show that
enhancing of quercetin fluorescence in the presence of HSA is the result of formation of the HSA-QUE complex.
On the basis of fluorescence data, the binding affinity constant of quercetin to HSA is determined. In this paper
we have attempted to perform a kinetic study of the oxidation of quercetin in presence of human serum albumin
by absorption spectroscopy. It has been shown that quercetin easily oxidizes at pH 7.4. The addition of HSA to
quercetin solution induces changes in the absorption spectrum. In the human serum albumin solution, the time of
quercetin oxidation is longer than in the case of quercetin diluted in phosphate buffered saline. Human albumin
also contributes to stabilization of quercetin. These results suggest that HSA prevents degradation of quercetin in

blood.
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1. Introduction

Serum albumin is the basic protein of blood plasma
[1]. This protein interacts with drug through its binding
site [2, 3]. The interaction between drugs and serum pro-
tein has an effect on biological half-life, metabolism and
excretion of drugs. Only free fraction of drug is pharma-
cologically active and its concentration is closely related
to the therapeutic effect [4, 5]. If the unbound fraction
of drug diffuses across the wall of small arterioles, the
equilibrium is disturbed and the bound fraction starts
to separate from albumin. The binding of a drug and a
protein may be caused by electrostatic interaction, hy-
drogen bonds, van der Waals interaction, or placement
of the drug in hydrophobic pocket of HSA (hydrophobic
interaction) [6].

In recent few years, great attention has been paid to
the study of flavonoids [7]. They are known to show bi-
ological activity. One of the most prominent flavonoids
is quercetin contained in vegetables, oils, and fruits. It
has been reported to exert multiple biological effects as
an antioxidant [8]. Flavonoids are reported to be an-
tioxidants which neutralize free radicals by giving them
electrons [9]. Analysis of quercetin oxidation is impor-
tant due to its pharmacological properties. Because the
quercetin strongly binds to human albumin, it is desir-
able to study the oxidation properties of quercetin after
binding to HSA. Such interaction of quercetin with hu-
man albumin may change its antioxidant properties and
some other biological effects of the flavonoid.

2. Materials and methods

2.1. Materials and instrumentation
Quercetin and human serum albumin were received
from Sigma-Aldrich. Stock solution of quercetin was pre-
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pared in ethanol. For absorption measurements, con-
centration of quercetin in final samples was equal to
10 uM. The albumin was diluted in phosphate-buffered
saline (PBS) at pH 7.4. The spectrophotometer UV-Vis
JASCO V-550 was used for recording absorption spec-
tra of quercetin and other solutions. The kinetic studies
of the oxidation of quercetin both in absence and pres-
ence of human serum albumin consisted of a single series
of measurements. Temperature of the samples was kept
constant (37°C) using TW2.03 (ELMI) ultrathermostat.
For fluorescence excitation of quercetin, the radiation of
450 nm wavelength was applied. Fluorescence spectra
were obtained on HR4000 Spectrometer.
2.2. Methods of affinity determination

For determining the binding constant of quercetin to

HSA, the following formula was used [10]:
 [HSAg] "
[Cr][HSAF]’

where H S Ag is the concentration of bound protein, while
Cr and HSAp are concentrations of free dye and free
protein, respectively. Because HSAr = HSAr — HS Ag,
from Eq. (1) one can obtain

HSAg  KCp 9

HSAr 1+ KCp’ 2)
where HS At is the total concentration of HSA.

Due to the enhancement of fluorescence emission of
quercetin after binding drug to HSA, it can be deduced
that

HSAg  AF 3

HSAr  AFpax’ ®)
where AF is the difference between fluorescence of HSA-
QUE complex and fluorescence of free quercetin and
A Flhax is the maximum fluorescence corresponding to the
saturation.

The Cr value was obtained using relationship

CF :C_HSABa (4)

where C' is the total concentration of quercetin.
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Equation (4) can be rewritten as
HS AT
Cp=C-—
" HS At
By substituting Eq. (3) into Eq. (5), the following for-
mula can be obtained
AF
Cp=C-— HSAT. 6
’ AFpas " ©
Finally, by rearranging Eq. (1) and from Eq. (6) one can
obtain

HSAg. (5)

S - : ()
AF ~ AFmax  KAFpax C — 25 HSAt'

This equation is known as the Klotz equation.
Equations (1) and (6) can be also rearranged yielding
the modified Scatchard equation

AF/AFax AF
=-K + K. 8
C — BE-HSAr AFax ®)
The ordinate intercept of the regression line
AF/AFmax

inter-

OCAF/AR. ) ASAy  On AF/AFy.x can  be
preted as K. By measuring the fluorescence emission
AF as a function of the quercetin concentration C,
finding the maximum value of HSA-quercetin complex
fluorescence emission AFp.y, and using Eq. (7) or
(8), it is possible to determine the binding constant K
of drug to albumin. The single fluorescence emission
spectra for each quercetin concentration were recorded.
Correlation coefficients and standard errors of slopes
and intercepts were calculated with the use of ORIGIN
7.0 software application. Then, standard error of the
binding constant K was estimated.

3. Results and discussion

In the presented work, the rate of the oxidation reac-
tion of quercetin at pH 7.4 was determined. In Fig. 1,
absorption spectra of quercetin recorded at different in-
stants of time are shown. Quercetin exhibits two ma-
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Fig. 1. Oxidation of quercetin in PBS (pH 7.4).
Changes in absorbance spectrum in time. Direction of
the arrows shows the order of the recorded spectra in
time.

jor absorption bands in the UV-Vis region, namely at
376 nm and 268 nm. During a series of measurements,
the absorbance at 376 nm decreased and was replaced
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Fig. 2.
quinone.

The molecular structure of quercetin and

by a new peak with absorbance at 327 nm. Simultane-
ously, the absorbance at the wavelength of 268 nm with
a shoulder at 257 nm decreased. The maximum of ab-
sorption at 327 nm increased with time until 60 minutes
which indicates that certain time was needed to com-
plete oxidation reactions. After that time, all quercetin
molecules were transformed into new molecules called
quinone (Fig. 2). This process occurs in two steps. In
the beginning, two electrons and two hydrogen atoms
are abstracted from quercetin. The second step is reori-
entation of the molecule of quercetin. The new structure
is unstable and the degradation products appear [11].
Time of conversion of quercetin into quinone is called
the deprotonation time. This time strongly depends on
surrounding medium and on the solution’s pH. After ad-
dition of free radicals to quercetin solution, the depro-
tonation time is reduced. Free radicals are atoms with
unpaired number of electrons. The antioxidant property
of flavonoids can be characterized by measuring the de-
protonation time or determining numbers of free radicals
scavenged by flavonoid molecules.
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Fig. 3. Absorbance spectra of quercetin in presence of
various concentration of HSA (0-30 pM). Direction of
the arrows shows the increase of HSA concentration. All
experiments were conducted in PBS at pH 7.4, temper-
ature 37 °C, and quercetin concentration 10 pM.

Figure 3 shows the absorbance spectra of quercetin
with different concentration of human serum albumin di-
luted in PBS at pH 7.4. It can be seen that the ab-
sorbance spectrum of quercetin in presence of HSA is red-
shifted in comparison to the spectrum of free quercetin.
It is the evidence of binding of quercetin to human serum
albumin. The visible absorption peak shifts by about 30



Optical Spectroscopy Study of the Interaction BetweenQuercetin and Human Serum Albumin

504 HSA concentration

Fluorescence emission [arb.u.]

o
1

o

500 520 540 560 580 600
Wavelength [nm]

Fig. 4. Fluorescence spectra of quercetin in presence
of various concentration of HSA (0-30 pM). Direction
arrow shows the increase of HSA concentration. All
experiments were conducted in PBS at pH 7.4 and tem-
perature of 37 °C using quercetin concentration 10 pM.

nm, from 376 nm to 406 nm. This band is characteris-
tic for the formation of a HSA-quercetin complex. After
adding HSA, the ultraviolet band with a maximum be-
tween 269 nm and 278 nm strongly increases. Simulta-
neously, a little increase in the absorbance is observed at
328 nm. One can see that when concentration of HSA is
higher than 20 M, the absorption spectra between 300
nm and 500 nm do not change. However, the ultraviolet
peak increases. Such a difference in absorption behav-
ior can be attributed to different binding of quercetin to
HSA. It may be related to binding of quercetin to other
binding site of HSA when the concentration of HSA grows
significantly.

The fluorescence spectrum of quercetin diluted in PBS
(pH 7.4) with excitation at 450 nm exhibits a very low
band with maximum at 535 nm. After adding human
serum albumin, the band strongly increases as shown in
Fig. 4. This suggests that the surrounding around of
quercetin changes. The changes which appear in fluores-
cence spectra in the presence of HSA provide information
about binding affinity of quercetin to albumin.

Taking the advantage of the fact that value of fluo-
rescence emission depends on concentration of quercetin,
fluorescence spectra analysis can be used for determina-
tion of affinity constant of the drug to HSA. The drug’s
binding constant can be determined by measurements of
the fluorescence emission of quercetin, because the frac-
tion of occupied protein is proportional to fluorescence
emission of quercetin. Fig. 5A shows the fluorescence
emission as a function of quercetin concentration. Next,
as it is described in Sec. 2 according to Eq. (7), the
double-reciprocal plots were drawn and the associated
constant was calculated. It is seen that the inverse of
fluorescence emission of HSA-quercetin complex is a lin-
ear function of inverse of free quercetin concentration.
Slope of the line fitted to points (1/Cpi,1/AF;) deter-
mine 1/(AFnaxK) according to Eq. (7). The maximum
fluorescence emission estimated on the basis of fluores-
cence spectra is equal to 50. We have found that the
association constant of quercetin to albumin was equal
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to 2.54 4 0.04 x 10> M~!. To estimate the binding con-
stant, the regression analysis of AF/(AFy,.xCr) versus
AF/AFpax according to Eq. (8) was also used. The ob-
tained value was 2.38 +0.1 x 10> M~!. The binding con-
stant K has been determined at 37°C, and was slightly
larger than the one obtained at 25°C in the seminal pa-
per by Sengupta and Sengupta [7]. The standard Gibbs
free energy change of binding quercetin to albumin was
found to be approximately —32 kJ/mol at 37°C. Due to
high affinity of QUE to HSA, binding to HSA must have
an effect on oxidation and stabilization of quercetin.
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Fig. 5. Enhancements of quercetin fluorescence as a
function of quercetin concentration (graph A). Graph B
shows double reciprocal plot for quercetin binding with
HSA. Graph C is the Scatchard’s plot obtained accord-
ing to Eq. 8. All experiments were conducted in PBS
at pH 7.4 and temperature of 37°C, using HSA with
concentration of 10 pM.
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Fig. 6. Oxidation of quercetin in presence of human
serum albumin. The HSA/quercetin molar ratio was:
1:1. Direction of the arrows points out the changes in
time. Arrows indicate direction of the absorbance spec-
trum change in time.
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Fig. 7. Relative absorbance of quercetin as a function
of incubation time in the presence of HSA for two wave-
lengths, 404 nm (A) and 327 nm (B) for HSA /quercetin
molar ratios of 0:1 (solid line m), 1:1 (dash-dotted line
o), and 3:1 (dashed line A). A, is the absorbance of
free quercetin in PBS (pH 7.4).

Figure 6 shows the absorbance spectra of HSA-
quercetin complex at molar ratio 1:1 at different stages
of the experiment. The absorbance spectra changed with
the increase of time. The decrease of peaks at 404 nm
and 278 nm was paralleled by the increase in absorbance
at 327 nm. It be should noticed that absorption of
quercetin in presence of HSA changed slower than ab-
sorption observed for free quercetin in pure PBS. Af-
ter 300 min, absorption spectra of the complex did not
change and the degradation process was not observed.
The absorbance at 278 nm for complex after 300 min
was higher in comparison to maximum of absorption at
278 nm of quercetin diluted in PBS solution which indi-
cates that quinone quercetin was still binding to HSA.
As the degradation products did not appear after trans-
formation of quercetin into quinone, this may be of a
significance for oxidation properties of quercetin. Some
authors claim that the degradation products can transfer
hydrogen and electrons to free radicals but this process is
less efficient than abstraction of the hydrogen atom from
quercetin [12]. This showed that quercetin in solution of
human serum albumin still retained its antioxidant ac-
tivity.

Next, kinetic measurements of quercetin at wave-
lengths of 404 nm and 327 nm were studied in solution
containing HSA (Fig. 7A, B). The measurements of ab-
sorbance spectra at these wavelengths at two concentra-
tion of HSA have been analyzed. By comparing the de-
protonation time of HSA-quercetin complex with this of
quercetin it can be found that the deprotonation time of
HSA-quercetin complex is shorter. It may prove that oxi-
dation process of quercetin is less efficient in the presence
of HSA. In the sample where the concentration of protein
was three times higher, the deprotonation time had in-
creased more than five times. It is seen that the shape of
the kinetic spectra differ for different molar ratio of HSA
and quercetin. The observed changes in absorption spec-
tra of quercetin with different concentration of HSA may
be caused by changes in the environment of quercetin.
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For high concentration of HSA, quercetin molecules may
be isolated from water in hydrophobic binding pockets
contained in HSA [13]. In consequence, the oxidation
process is inhibited. It suggests that quercetin in blood
can be more stable and can keep longer the ability to
reduce free radicals in comparison to quercetin in PBS.
4. Conclusions

The antioxidant effect of quercetin might be attributed
to their properties of scavenging free-radical species.
Measurements of absorption spectra provide important
information about oxidation capacity of quercetin. In
the present study, attention was paid mainly to ox-
idation time of quercetin as a key to understanding
the behavior of quercetin in blood. Many experiments
were undertaken to study the absorbance spectra of
quercetin in presence of human serum albumin. A simple
method based on measurements of fluorescence emission
of quercetin in presence HSA allowed to determine the
affinity constant of quercetin to albumin. The presented
results show that quercetin exhibits high affinity to HSA.
Formation of quercetin-HSA associates leads to the red-
shift of the absorption spectra. The time of oxidation
of quercetin was strongly influenced by HSA concentra-
tion. As expected, the deprotonation time of quercetin
decreases as HSA concentration increases. This paper
provides evidence that albumin prevents quercetin oxi-
dation. The presented results suggest that binding of
quercetin to HSA have considerable significance when it
comes to the pharmacological effects of flavonoids.
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