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1. Introduction

Human serum albumin (HSA), is the most abundant protein
in blood plasma and is able to bind, and thereby transport, vari-
ous compounds such as fatty acids, bilirubin, tryptophan, steroids

and a large number of drugs [1]. Drug–protein interaction has a
great significance in pharmacology. It can affect the biological activ-
ity and toxicity [2] of drug. The binding parameters are helpful
in the study of pharmacokinetics and the design of dosage forms
[3].

Indomethacin, a methylated indole derivative is a member
of the arylalkanoic acid class of non-steroidal anti-inflammatory
drugs (NSAIDs), which includes diclofenac. It is commonly used
to reduce fever, pain, stiffness and swelling. It works by inhibit-
ing the production of prostaglandins molecules, known to cause
these effects. The drug–protein interactions are often monitored
by spectroscopic techniques because these methods are sensitive
and relatively easy to use. They have advantages over conventional
approaches such as affinity and size exclusion chromatography,
equilibrium dialysis and ultrafiltration [4,5], which suffer from lack
of sensitivity and relatively long analysis time. Molecular inter-
actions between serum albumins and many NSAIDs have been
investigated successfully [6–10], but detailed investigations of the
interaction of human serum albumin with indomethacin are scant
[11,12].
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ethacin and human serum albumin (HSA) was investigated by fluores-
d UV–vis absorption spectroscopy. The results of fluorescence titration
rongly quench the intrinsic fluorescence of HSA by static quenching and
he binding site number n and the apparent binding constant KA, were cal-
ear fit to the experimental data. The distance r between donor (HSA) and
btained according to fluorescence resonance energy transfer (FRET). The
nd the acceptor are bound at different locations but within the quenching
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In this study, we investigated the binding reaction and the effect
of energy transfer between HSA and indomethacin by spectrofluo-
rimetry.

2. Materials and methods

2.1. Materials
Human serum albumin (fatty acid free, 99%) fraction V and
indomethacin (≥99%) were purchased from Sigma–Aldrich Chemie
GmbH. Doubly distilled water was used in all experiments.

2.2. Apparatus

Fluorescence measurements were performed at room temper-
ature on a JASCO-6500 spectrofluorimeter equipped with a 150 W
Xenon lamp. The fluorescence emission spectra were recorded in
the wavelength of 300–500 nm, upon excitation at 280 nm, and
both excitation and emission bandwidth was 3 nm. The absorption
spectrum of 10−5 M free indomethacin was recorded at room tem-
perature on a double beam JASCO V-550 spectrophotometer from
200 to 500 nm.

2.3. Procedures

The solutions were prepared at room temperature using dou-
bly distilled water. The concentration of HSA was kept fixed at
5 × 10−6 M and the indomethacin concentration was varied from
0 to 3.5 × 10−5 M.
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3. Results and discussion

3.1. Fluorescence quenching

Fluorescence quenching is the decrease of the quantum yield of
fluorescence from a fluorophore induced by a variety of molecu-
lar interactions with quencher molecules. Fluorescence quenching
can be caused both by collisions (dynamic) and complexes forma-
tion (static) with the quencher [13]. The effect of indomethacin
on HSA fluorescence intensity is shown in Fig. 1. It could be
seen that the fluorescence intensity of HSA dropped regularly
with the increase of indomethacin concentration, along with a
slight blue shift from 330 to 320 nm. This observation implies
that the fluorescence quenching process may be mainly con-
trolled by a static quenching mechanism rather than a dynamic
one.

The fluorescence quenching data are usually analyzed by the
Stern–Volmer equation [14]:

F0

F
= 1 + kq�0[Q ] = 1 + KSV[Q ] (1)
where F0 and F are the fluorescence emission peak area of HSA
without or with quencher respectively, kq, KSV, �0 and [Q] are
the quenching rate constant of a biomolecule, the Stern–Volmer
quenching constant, the average lifetime of the biomolecule with-
out quencher (for most biomolecules �0 is about 10−8 s) and the
concentration of free quencher. Because the free indomethacin con-
centration is not known in our experiment it was approximated
by the total concentration of indomethacin. As can be seen in
Fig. 2, the plot of F0/F for HSA versus indomethacin concentration
exhibit a good linearity (R = 0.9984) and affords KSV and kq to be
(5.04 ± 0.1)104 M−1 and (5.04 ± 0.1)1012 M−1 s−1.

However, the maximum diffusion collision quenching
rate constant of various quenchers with the biopolymer is
2.0 × 1010 M−1 s−1 [15]. Obviously, the derived value for kq is
two orders of magnitude grater than the maximum diffusion
collision quenching rate constant. Therefore, it indicates that the
fluorescence quenching process of HSA may be mainly governed
by a static quenching mechanism rather a dynamic quenching
process.

Fig. 1. Emission spectra of HSA in the presence of various indomethacin concen-
trations. [HSA] = 5.0 × 10−6 M; [Ind]/10−6 M, (A–J): 0, 2.5, 5.0, 7.5, 10, 15, 20, 25, 30,
35.
Fig. 2. Stern–Volmer plot for the quenching of HSA fluorescence by indomethacin.

3.2. Apparent association constant and binding sites

For the static quenching process, under the assumption that
there are the same and independent binding sites n in the protein,
the binding process can be described by

P + nD ↔ DnP (2)

where P is the protein, D is the drug molecule and DnP is the complex
molecule. Because the number of binding site of protein and drug is
n and 1, respectively, the equivalent concentration of the complex is
[DnP], the equivalent concentration of drug is [D] and the equivalent
concentration of the protein is n[P]. In this case the binding constant
is given by

K = n[DnP]
[D]n[P]

(3)

and the following relationship could be made from the stoichio-
metric coefficient of Eq. (2):

[Pt] = [P] + [DnP] (4)

[Dt] = [D] + n[DnP] (5)
[Pt] and [Dt] are the total concentration of protein and drug,
respectively. If the fluorescence is caused only by the protein, the
relationship between the protein concentration and the fluores-
cence peak area can be described by

F0

F
= [Pt]

[P]
(6)

Therefore, the relationship between the fluorescence peak area and
the total drug concentration can be deduced [16] as:

F0

F
= K[Dt]

F0

F0 − F
− nK[Pt] (7)

It follows that by keeping fixed the total protein concentration and
varying the total drug concentration, from the plot of F0/F as a func-
tion of [Dt]F0/(F0 − F), the binding constant K and the binding site n
can be obtained by using a least-squares algorithm.

For the reaction described by Eq. (2), many equations in
expressing the relationship of fluorescence intensity and drug con-
centration were derived [16–18]. In general, in these equations, the
free drug concentration [D] is used to establish the formula, but [D]
is not known in experiment. A nonlinear equation was derived by
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. (a): fi

E = 1 −
F0

=
R6

0 + r6
(11)

where R0 is the critical distance, when the transfer efficiency is 50%.
R0, in units of cm6, is expressed as:

R6
0 = 8.8 × 10−25[k2N−4˚DJ(�)] (12)

where k2 is the factor expressing the relative orientation of the
donor to the acceptor molecule, N is the refractive index of the
medium, ˚D is the quantum yield of the donor in the absence of the
acceptor and J(�) is the overlap integral of the fluorescence emis-
sion spectrum of the donor and the absorption spectrum of the
acceptor in units of M−1 cm3. The spectral overlap integral J(�) for
a donor–acceptor pair is defined as:∫ ∞

4

Fig. 3. Fitting curve of HSA–indomethacin system

Guo et al. [18] based on Scatchard’s site binding model and fluores-
cence quenching. This equation is given by:

�F

F0
= (A + B) −

√
(A + B)2 − 4A

2
(8)

where

A = [Dt]
n[Pt]

(9)

B = 1 + 1
Kn[Pt]

(10)

Using the experimental data of fluorescence quenching on HSA, a
least squares and a nonlinear algorithm was assessed by Eqs. (7)
and (8). The fitting curves are shown in Fig. 3 and Table 1 gives the
obtained results.
3.3. Energy transfer between HSA and indomethacin

HSA has three intrinsic fluorophores: tryptophan, tyrosine and
phenylalanine. In general, the intrinsic fluorescence of HSA is
almost contributed by tryptophan alone because phenylalanine has
a very low quantum yield and the fluorescence of tyrosine is almost
totally quenched if it is near an amino group or a tryptophan. That is,
the change of intrinsic fluorescence intensity of HSA is that of fluo-
rescence intensity of tryptophan residue located in subdomain II A,
when small molecules are bound to HSA. The distance between the
tryptophan residue and the bound indomethacin could be deter-
mined using fluorescence resonance energy transfer (FRET). FRET
occurs whenever the emission spectrum of the donor overlaps with
the absorption spectrum of the acceptor. The overlap of the UV
absorption spectrum of indomethacin with the fluorescence emis-
sion spectrum of HSA is shown in Fig. 4.

According to Förster’s theory [19], the energy transfer efficiency
E, depends not only on the distance r between the donor and
the acceptor, but also on the critical energy transfer distance R0,

Table 1
Binding parameters for HSA–indomethacin system

Equation Binding constant (104 M−1) Binding site Correlation coefficient

(7) 5.549 ± 0.213· 1.152 ± 0.30 0.9949
(8) 5.573 ± 0.240 1.230 ± 0.28 0.9996
tting curve of Eq. (7); (b): fitting curve of Eq. (8).

expressed by the relation:

F R6
0

J(�) =
0

FD(�)εA(�)� d� (13)

where FD(�) is the corrected fluorescence intensity of the donor
at wavelengths � to � + ��, with the total intensity normalized
to unity and εA(�), the molar extinction coefficient of the accep-
tor at wavelength �. By integrating the overlap spectra in Fig. 4
for � = 300–500 nm, J was estimated to be 3.06 × 10−15 M−1 cm3.

Fig. 4. The overlap of the fluorescence spectrum of HSA (a), and the absorption
spectrum of indomethacin (b). [HSA] = [Ind] = 10−5 M.
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In our case, k2 = 2/3, N = 1.361 and ˚D = 0.14 [20]. Using the above
parameters and according to Eqs. (11) and (12) we could calculate

that R0 = 2.046 nm; E = 0.2455 and r = 2.47 nm. The donor–acceptor
distance, much shorter than 8 nm [21], indicate that the energy
transfer from HSA to indomethacin occurs with high probability.

4. Conclusions

This paper provided an approach for studying the interaction of
HSA with indomethacin, using absorption and fluorescence spec-
troscopy. The results showed that HSA fluorescence quenched
by indomethacin through static quenching mechanism. Binding
constant of ∼104 M−1 and single binding sites were estimated
for this system. The large binding constant value suggests that
indomethacin binds to the high affinity binding sites of HSA.
Based on the mechanism of Förster energy transfer, the distance
r = 2.47 nm between HSA and indomethacin was obtained.
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