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The B-ring substitution pattern of flavonols is a significant structural feature for their function as free
radical scavengers and antioxidants. In this paper, four differently substituted B-ring hydroxylation
flavonols (galangin, kaempferol, quercetin, and myricetin) and a flavonol glycoside (quercitrin) were
studied for their ability to bind BSA by quenching the protein intrinsic fluorescence. From the spectra
obtained, the biomolecular quenching constants, the apparent static binding constants, and the binding
site values were calculated. The B-ring hydroxylation of flavonols significantly affected the binding/
quenching process; in general, the binding affinity increased with the number of hydroxyl groups on
the B-ring. The binding constants (Ka) were determined as myricetin (4.90 × 108 L/mol) > quercetin
(3.65 × 107 L/mol) > kaempferol (2.57 × 106 L/mol) > galangin (6.43 × 105 L/mol). The glycoside
substitute at the C-ring position decreased the binding affinity. The chromatographic retention factor
(K′) and logarithms of apparent partition coefficient (log Kow) were linear to the logarithms of apparent
binding constants (log Ka) for flavonols with increasing hydroxyl groups on the B-ring. These results
showed that the hydrogen bond force play an important role in binding flavonols to BSA. These results
are also in agreement with the generally accepted structure-dependent free radical scavenger and
antioxidant abilities of flavonols.
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INTRODUCTION

Flavonoids are the important phytonutrient components
present in a wide range of fruits, vegetables, nuts, and beverages,
including wine and tea (1, 2). Flavonols are polyphenol
compounds possessing two benzene rings joined by a linear three
carbon chain (C2, C3, C4), represented as the C6-C3-C6
system. The flavonol moiety (2,3-double bond in conjugation
with a 4-oxo group and a 3-hydroxyl group) and the 5,7-
dihydroxylation at the A-ring are important structural features
for significant antioxidant activity (3). In addition to –OH
moieties in the structural arrangements of flavonols, the
resonance of electrons between the A- and B-rings is very
important for their antioxidant and biological activities (4). The
B-ring –OH moiety is the most significant determinant factor
in the scavenging of reactive oxygen species (5).

Galangin (Figure 1) is present in Alpinia officinarum, honey,
and propolis. The latter two drugs were used in many countries
to treat respiratory and viral infections. Galangin exerted
antioxidative (6) and antibacterial activities (7) and an antipro-
liferative effect on HL-60 cells (8). Kaempferol (Figure 1) is
widely present in broccoli, Ginkgo biloba, fruits, and vegetables
(2). Several biological activities have been attributed to kaempfer-
ol, including antioxidant (9) and antiatherogenic activities (10)
and inhibition of iron bioavailability (11). Quercetin (Figure
1) is the most abundant bioflavonoid found in vegetable and
fruits, and this compound is mainly present in the glycoside
form, for example, as quercitrin. Quercetin, in addition to having
antibacterial and antioxidant activities (12), has been suggested
to inhibit monoamine oxidases (13) and increase oxidative stress
resistance and longevity in Saccharomyces cereVisiae cells (14).
Myricetin (Figure 1) is present in a large number of plants,
including tea, berries, fruits, vegetables, and medicinal herbs.
It has shown strong antioxidative (15) and antiradical activities
(16). Quercitrin, the 3-O-�-glucoside of quercetin (Figure 1),
is a flavonol glycoside. Studies have demonstrated that when
flavonols are present in the diet as aglycons, they could be partly
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absorbed in the stomach, but their glycosidic forms cannot be
absorbed (17).

The interaction between biomacromolecules and drugs has
attracted great interest among researchers for several
decades (18–25). Among biomacromolecules, serum albumins
are the major soluble protein constituents of the circulatory
system and have many physiological functions (18–20).
Bovine serum albumin (BSA) has been one of the most
extensively studied of proteins particularly because of its
structural homology with human serum albumin (HSA) (18–24).
The interaction between protein and drug molecules results
in formation of a stable protein-drug complex, which may
be considered as a model for gaining general fundamental
insights into drug–protein binding (23–25). Fluorescence
spectroscopy is an appropriate method to determine the
interaction between the small molecules and biomacro-
molecules (18–25). By analysis of the fluorescence param-
eters, much information concerning the structural changes
in biomacromolecules could be obtained.

There have been several studies on fluorescence quenching
of proteins induced by flavonoids (18–25). However, the
influence of the B-ring hydroxylation pattern in flavonols on
binding characteristics with BSA was not reported. In the present
study, we evaluated the binding affinities of myricetin, quercetin,
kaempferol, and galangin, which share the same substituents
on the A and C rings but have different numbers of hydroxyl
groups on the B-ring, with BSA.

MATERIALS AND METHODS

Apparatus and Reagents. Fluorescence spectra were re-
corded on a JASCO FP-6500 spectrofluorometer (Tokyo, Japan).
UV–vis spectra were recorded on a Shimadzu UV-2450 spec-
trophotometer (Tokyo, Japan). The pH measurements were
carried out on a PHS-3C Exact Digital pH meter (Cole-Parmer
Instrument Co., Vernon Hills, IL). BSA (fraction V), quercitrin
(g98%), galangin (g98%), and myricetin (g98%) were pur-

chased from Sigma Co. (St. Louis, MO). Kaempferol (g98%)
and quercetin (g98%) were obtained commercially from the
National Institute for the Control of Pharmaceutical and
Biological Products (Beijing, China). A working solution of
flavonol (1.0 × 10-4 mol/L) was prepared by dissolving flavonol
in methanol–water solution (2:8, v/v). Tris-HCl buffer (0.20 mol/
L, pH 7.4) containing 0.10 mol/L NaCl was selected to keep
the pH value and maintain the ionic strength of the solution.
The working solution of BSA (1.0 × 10-5 mol/L) was prepared
with Tris-HCl buffer and stored in the refrigerator prior to use.
All other reagents and solvents were of analytical reagent grade
and used without further purification unless otherwise noted.
All aqueous solutions were prepared using newly double-
distilled water.

Fluorescence Spectra. Appropriate quantities of 1.0 × 10-4

mol/L flavonoids solution were transferred to a 10 mL flask,
and then 1.0 mL of BSA solution was added, and the solution
was diluted to 10 mL with Tris-HCl buffer. The resultant mixture
was subsequently incubated at 310.15 K for 1 h. The solution was
scanned on the spectrofluorometer with the range of 290–500 nm.
The fluorescence intensity at 340 nm was determined under the
excitation at wavelength of 280 nm. The dynamic quenching
constant (KSV) and the apparent binding constants (Ka) were attained
according to refs 22–25.

High-Performance Liquid Chromatography. The chro-
matographic retention factor (K′) was determined by HPLC
method according to Fang et al. (26). HPLC analysis was
performed on a Shimadazu LC-2010A liquid chromatograph
with a Shimadazu SPD-M10A diode array detector (Shimadazu,
Kyoto, Japan). Flavonols were separated on a Kromasil RP-
C18 column (250 mm × 4.6 mm ID, 5 µm; Hanbon Science &
Technology Co., Ltd., Huaiyin, China).

The chromatographic retention factor (K′) was expressed as

K ′ ) (tr - t0)/t0 (1)

where tr stands for retention time and t0 stands for dead time.

RESULTS AND DISCUSSION

Effect of Flavonols on BSA Fluorescence Spectra. The
fluorescence spectra of BSA with the addition of galangin (a),
kaempferol (b), quercetin (c), myricetin (d), and quercitrin (e)
are shown in Figure 2. In all cases, the fluorescence intensity
of BSA decreased remarkably with the increasing concentration
of flavonoids. Weak blue shifts of the maximum λem (1-2 nm)
were observed for these five flavonoids. This suggested that there
was some change in the environment of the tyrosine and
tryptophan residues.

Fluorescence Quenching of BSA. The raw data for quench-
ing of BSA fluorescence by addition of galangin (a), kaempferol
(b), quercetin (c), myricetin (d), and quercitrin (e) are shown
in Figure 3. These results indicated that the changes of the
environment of tryptophan residues depended on the structure
of flavonol. Galangin and myricetin were found to lead to
70–80% fluorescence quenching, while quercitrin quenched only
10% of BSA fluorescence. Kaempferol and quercetin quenched
40–60% of BSA fluorescence. Figure 4 shows the Stern-Volmer
plots for the BSA fluorescence quenching by galangin (a),
kaempferol (b), quercetin (c), myricetin (d), and quercitrin (e).
In the linear range of the Stern-Volmer regression curve, the
average quenching constants (KSV) for galangin, kaempferol,
quercetin, myricetin, and quercitrin (having the lowest
quenching effect, inset in Figure 4) at 310.15 K were 2.26

Figure 1. Structure of flavonoids.
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× 106 (R ) 0.9984), 6.34 × 105 (R ) 0.9935), 6.04 × 105

(R ) 0.9945), 1.34 × 106 (R ) 0.9893), and 4.86 × 104

L/mol (R ) 0.9999), respectively.
Binding Constant and Binding Sites. Figure 5 shows the

double-logarithm curve of flavonol quenching of BSA fluores-
cence at 310.15 K and Table 1 gives the corresponding
calculated results. The apparent binding constants (Ka) and the
binding site values (n) between flavonols and BSA increased
with increasing number of hydroxyl groups on the B-ring (inset
in Figure 5) and decreased after glycoside substitution at the
C-ring position. Dangles et al. (27) studied the binding constants

of quercetin and quercetin glycosides to BSA by Scatchard
analysis and also found a similar result. The native protein
contains hydrophobic groups in the interior of the tertiary
structure and polar groups at the surface. Hydrogen bonding
may take place between the -OH groups in flavonols and the
polar groups at the BSA surface. However, after glycoside
substitution at the C-ring position, steric hindrance may take
place, which weakens the binding affinity. Another mechanism
may be that glycosylation of the flavonol increasing molecular
weight and polarity weakens the capacity to penetrate into the
tryptophan-rich hydrophobic regions of BSA, which are fre-

Figure 2. The quenching effect of flavonols on BSA fluorescence intensity, λex )280 nm, [BSA] ) 1.00 × 10-6 mol/L: (a-d) spectra a-k of solutions
containing (0.00, 2.00, 4. 00, 6.00, 8.00, 10.00, 12.00, 14.00, 16.00, 18.00, or 20.00) × 10-7 mol/L of galangin (a), kaempferol (b), quercetin (c), and
myricetin (d); (e) spectra a-k of solutions containing (1.00, 2.00, 3.00, 4.00, 5.00, 6.00, 7.00, 8.00, 9.00, or 10.00) × 10-6 mol/L of quercitrin.
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quently buried in the interior of the folded BSA. Also, the fact
that BSA contains 21 tyrosines and 3 tryptophans that are all
distributed over the amino acid sequence automatically suggests
that BSA does not contain only one fluorophore. The different
exposure and location of all these fluorophores may well result
in a deviation from linearity of the Stern-Volmer plot.

UV Spectra of Flavonols Bound to BSA. Figure 6 shows
the UV absorption spectra of galangin (a), kaempferol (b), quercetin
(c), myricetin (d), and quercitrin (e) after interacting with BSA. It
can be noted from Figure 6 that the UV absorption band I
(300–400 nm) of flavonols and quercitrin had an obvious batho-
chromic shift (4-12 nm), indicating that the structure of flavonoids
was affected after interaction with BSA. The UV absorption band
II (200–300 nm) of flavonols also had obvious bathochromic shifts

(6-13nm). However, the UV absorption band II of quercitrin
hardly changed, which revealed that the affinity of quercitrin for
BSA was weaker than that of flavonols.

Relationship of Partition Coefficient and Binding Con-
stants. The octanol–water partition coefficient (Kow) (also
referred to as P) is a measure of the propensity of a compound
to differentially dissolve in these immiscible phases. The
partition coefficient serves as a quantitative descriptor of
lipophilicity and is one of the key determinants of pharmaco-
kinetic properties. The log Kow values are important to many
industries and areas of research in determining how to deliver
chemical substances to specific sites or eliminate chemicals from
others, as well as limiting unwanted dispersal of chemicals
through the environment.

The lipophilicity of the four flavonols was assessed by their
partition coefficient values (Kow) according to Moreira et al.
(28). The log Kow values for galangin, kaempferol, quercetin,
and myricetin were 3.94, 3.507, 2.906, and 2.082, respectively.
The log Kow values were inversely proportional to log Ka for
flavonols with different numbers of hydroxyl groups on the
B-ring (Figure 7). The linear regression equation using the
Origin 7.5 software was log Kow) 7.59181 – 0.62986 log Ka

(R ) 0.9976). The galangin (0 -OH moieties on the B-ring)
with highest partition coefficient (log Kow ) 3.940) had smallest
affinity with BSA (log Ka ) 5.8081) in four flavonols. From
this point, the binding between these four flavonols and BSA
was not caused by hydrophobic forces.

Relationship of Chromatographic Distribution Ratio and
Binding Constants. To further investigate the hydrogen bonds
force between these four flavonols and BSA. A reversed-phase
C18 chromatography column was used to calculate the chro-
matographic distribution ratio of these four flavonols. The

Figure 3. Tryptophan fluorescence quenching of BSA (1.00 × 10-6 mol/
L) plotted as extinction of BSA tryptophans (F/F0, %) against flavonol
concentration for galangin (a), kaempferol (b), quercetin (c), myricetin (d),
and quercitrin (e). The fluorescence emission intensity was recorded at
λex )280 nm and λem)340 nm.

Figure 4. The Stern-Volmer curves of fluorescence quenching of BSA
by galangin (a), kaempferol (b), quercetin (c), myricetin (d), and quercitrin
(e) at 310.15 K. Inset shows the the Stern-Volmer curves with low
concentrations of quenchers.

Figure 5. Double-log plot of galangin (a), kaempferol (b), quercetin (c),
myricetin (d), and quercitrin (e) quenching effect on BSA fluorescence at
310.15 K. Inset shows the relationship of apparent binding constants (log
Ka) and the binding site values (n).

Table 1. The Binding Parameters for Flavonoid-BSA Systems

flavonols log Ka n R

quercitrin 3.8107 0.814 0.9835
galangin 5.8081 0.920 0.9973
kaempferol 6.4122 1.115 0.9988
quercetin 7.5626 1.291 0.9946
myricetin 8.6571 1.421 0.9951
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chromatographic retention factor (K′) for galangin, kaempferol,
quercetin, and myricetin were determined as 4.71, 3.87, 1.92,
and 0.62, respectively. The chromatographic retention factor (K′)
were inversely proportional to the binding constants value (log
Ka) for flavonols with different numbers of hydroxyl groups on
the B-ring (Figure 8). The linear regression equation using the
Origin 7.5 software was K′ ) 13.09705 – 1.44953 log Ka (R )
0.9967).

A reversed-phase C18 chromatography column consists of a
monolayer of octadecyl silane (C18) with very low polarity. The
component with lower polarity has higher binding affinity with
the C18 column, which causes longer retention time for
chromatographic separation. However, being different from the
octadecyl silane, BSA consists of large number of NH2, OH,
and SH groups, which indicates that BSA is high-polarity
biomacromolecule.

Relationship of Binding Constants and Bioactivities of
Flavonols. The presence of a dihydroxyl group (catechol-type)
or three adjacent hydroxyl groups (pyrogallol-type) on the B
ring of the flavonoid molecule, the number of free hydroxyl
groups, a C2-C3 double bond in the C ring, or the presence of

Figure 6. UV absorption spectra of galangin (A), kaempferol (B), quercetin (C), myricetin (D), and quercitrin (E) before (a) and after (b) interacting with
BSA.

Figure 7. Relationship of binding constants (log Ka) with partition coefficient
(Kow) of flavonols. The partition coefficient values (Kow) were from reference
of Moreira et al. (28).
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C-3, C-5, and C-7 hydroxyl groups are usually listed as
requirements for antioxidant and antiradical activity (29, 30).
William et al. (31) indicated that OH substitutions were
important in the antioxidant activities of flavonoids. The studies
of structure-FPTase inhibitory activity relationships indicated
that the number, position, and substitution of OH groups of the
A and B rings of flavonoids are important factors affecting
inhibition on FPTase (32). Yang et al. (33) used the half-wave
potential values (E1/2) to estimate the antioxidant activities of
flavonols. A correlation (r ) 0.9853) was found between binding
constant values (log Ka) and the values of the half-wave potential
(E1/2) (33) of the four flavonols tested (Figure 9). The linear
regression equation using the Origin 7.5 software was log Ka

) 6.5215 + 6.1647E1/2.
McPhail et al. studied the free radical scavenger capacity of these

four flavonols by electron spin resonance (ESR) spectroscopy (15).
Reactivity is highly dependent on the configuration of the OH
groups on the flavonol B ring, there being little contribution from
the A ring to antioxidant effectiveness. The reaction stoichiometries
of these compounds with the galvinoxyl free radical was deter-
mined; antioxidant capacities were determined as myricetin (4.08)
> quercetin (3.27) > kaempferol (1.84) > galangin (1.01). A
correlation (r ) 0.9900) was also found between log Ka and
reaction stoichiometries of these compounds with the galvinoxyl
free radical (data not shown).

Our results are in agreement with the generally accepted
structure-dependent free radical scavenger and antioxidant
abilities of flavonols described above. Addition of a single 4′-
hydroxyl group on the B-ring led to a significant increase in
the interaction with the transport protein. It was likely due to
the potential for conjugation between the 4′-hydroxyl group and
the 3-hydroxyl group through the C-ring (34).
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