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ABSTRACT
Under simulated physiological conditions (pH = 7.4), the reaction mecha-
nism between aspirin and bovine serum albumin (BSA) at different tem-
peratures (293 K, 303 K, 310 K) was investigated by the fluorescence spec-
troscopy (method 1) with focus on the fluorescence change of protein, as
well as the fluorescence spectroscopy (method 2) with focus on the fluo-
rescence change of drug. The results indicated that the electrostatic force
played an important role on the conjugation reaction between aspirin and
BSA. The binding constant obtained from method 2 was larger than the
one obtained from method 1 by two orders of magnitude for the aspirin-
BSA system. This indicated that the method 2 with focus on the fluores-
cence change of drug was a more accurate and more reasonable method.
At last the correctness of method 2 was verified by UV-vis absorption
spectroscopy and synchronous fluorescence spectroscopy with focus on
the fluorescence change of drug.  2015 Trade Science Inc. - INDIA
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INTRODUCTION

The fluorescence spectroscopy (method 1) with
focus on the fluorescence change of protein studies the
reaction mechanism of small molecule drugs and pro-
teins, by studying the change of fluorescence intensity
of protein at the maximum emission wavelength before
and after adding the drugs as well as the derived bind-
ing constants, binding sites and the donor-to-acceptor
distance etc between proteins and drugs[1-3]. Protein
consists 20 kinds of amino-acids and only aromatic tryp-
tophan (Trp), tyrosine (Tyr) and phenylalanine (Phe)
emit fluorescence and exhibits different fluorescence due

to their individual chromophore (side groups)[4]. In
method 1, the main source of BSA fluorescence is Trp-
212. Method 1 does not reflect interaction of the other
non-fluorescence-emitting residues with drugs[5], and the
fluorescence spectrogram only reflects partial informa-
tion of the interaction of BSA with drug, the obtained
information is thus of insufficient accuracy. Fluorescence
changes of small molecules drugs will reflect the whole
information of interaction between drug and protein. As
a result, the fluorescence of small molecule drug re-
flects the overall fluorescence in the interaction. Because
of this, a new method by taking the drug as the object
of detection is applied, to study the interaction between
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drugs and proteins in order to cover the shortcomings
of method 1.

Acetylsalicylic acid (aspirin) is a common analgesic
and an antipyretic[6]. It is metabolised and transformed
to salicylic acid, which plays an important role in human
and animal metabolism[7]. The binding mechanism of
drugs and proteins was studied by utilizing fluorescence
methods with studied objects as proteins and drugs,
respectively, followed by UV-vis absorption spectros-
copy and synchronous fluorescence spectroscopy with
focus on the fluorescence change of drug to verify the
latter. The new method is a useful supplement to the
application of fluorescence spectroscopy on the re-
search of combination mechanism of proteins and drugs,
and helps to further properly understand about the in-
teractions mechanism of drug-protein system.

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-5301PC spectro- fluorophotometer.
Absorption was measured with an UV-Vis recording
spectrophotometer (UV-265 Shimadzu, Japan). All pH
measurements were made with a pHS-3C precision
acidity meter (Leici, Shanghai). All temperatures were
controlled by a CS501 super-heated water bath
(Nantong Science Instrument Factory).

Materials

Aspirin is of purity grade inferior 98.5%. Bovine
serum albumin (BSA) was purchased from Sigma Com-
pany and of purity grade inferior 99%. Stock solutions
of BSA (1.0 ×10-5 mol·L-1), and aspirin (1.0×10-3

mol·L-1) were prepared. All the stock solutions were
further diluted as working solutions prior to use. Tris-
HCl (0.05 mol·L-1) buffer solution containing NaCl (0.15
mol·L-1) was used to keep the pH of the solution at
7.40, and NaCl solution was used to maintain the ionic
strength of the solution. All other reagents were analyti-
cal grade and all aqueous solutions were prepared with
newly double-distilled water and stored at 277 K.

General procedures

Method 1 measurements

In a typical fluorescence measurement, 1.0 mL of

Tris-HCl buffer, pH 7.40, 0.4 mL of 1.0×10-5 mol·L-1

BSA solution and different concentrations of aspirin
were added into 10 mL colorimetric tube successively.
The samples were diluted to scaled volume with water,
mixed thoroughly by shaking, and kept static for 30
minutes at different temperatures (293, 303 and 310
K). Excitation wavelength for BSA was 280 nm, with
excitation and emission slit at 5nm. The solution was
subsequently scanned on the ûuorophotometer and the

fluorescent intensity F at the maximum fluorescent peaks
was recorded.

Method 2 measurements

1.0 mL of Tris-HCl buffer, pH 7.40, 1.0 mL of
1.0×10-3 mol·L-1 aspirin solution and different concen-
trations of BSA were added into 10 mL colorimetric
tube successively. The samples were diluted to scaled
volume with water, mixed thoroughly by shaking, and
kept static for 30 minutes at different temperatures (293,
303 and 310 K). Excitation wavelength for aspirin was
296 nm, with excitation and emission slit at 5 nm. The
solution was subsequently scanned on the
ûuorophotometer and the fluorescent intensity I

F
 at the

maximum fluorescent peaks was recorded.

Synchronous fluorescence measurements

The Volume of aspirin is 2.0 mL, the others were
the same as in Section 2.3.2. The fluorescence spectra
were scanned when the value of Äë was between the
excitation and emission wavelengths stabilized at 30 nm
in the range from 250 nm to 550 nm, and recorded the
fluorescent intensity I

S
 at the maximum fluorescent

peaks.

UV-vis absorption measurements

The solution preparation was the same as in Sec-
tion 2.3.3, with corresponding concentration of BSA
solution as the reference. The UV-vis absorption spec-
tra of aspirin in the presence and absence of BSA were
scanned with 1cm quartz cells in the range from 190
nm to 370 nm, and the absorption intensity A at the
maximum absorption peak was recorded.

RESULTS AND DISCUSSION

Fluorescence quenching spectra of BSA-aspirin
system
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0
 is the average lifetime of fluorescence without ligand,

which is about 10�8 s. K
sv
 is the Stern-Volmer quench-

ing constant. K
q
 is the bimolecular quenching constant,

and [L] is the concentration of the ligand. Based on the
linear regression plot of F

0
/F versus [L], the K

q
 values

can be obtained. The calculated results were shown in
TABLE 1. Different mechanisms of quenching are usu-
ally classified as dynamic quenching and static quench-
ing. Dynamic and static quenching can be distinguished
by their different dependence on temperature. The
quenching rate constant decreases with rising tempera-
ture for static quenching, but the reverse trend is ob-
served for the dynamic quenching. In TABLE 1, the
values of K

sv
 decreased with the rising temperature in

all systems, which indicated that the probable quench-
ing mechanism of the interaction between BSA and as-
pirin was initiated by complex formation rather than by
dynamic collision[10]. In addition, all the values of K

q

were much greater than the maximum scatter collision
quenching constant of various quenchers (2×1010 L·mol-

1 s-1), this also suggested that the quenching was a static
process[11].

For static quenching process, the relationship be-
tween the fluorescence intensity and the concentration
of quencher can be usually described by Eq. (2) [12] to
obtain the binding constant (K

a
) and the number of

binging sites (n) in most paper:

  
      t00ta

0

BF/FFnDlognKlgn

F/FFlog




(2)

Where, [D
t
] and [B

t
] are the total concentrations of

aspirin and BSA, respectively. On the assumption that
n in the bracket is equal to 1, the curve of log[(F

0
-F)/

F] versus log{[D
t
]-[B

t
](F

0
-F)/F

0
} is drawn and linear

regression equation is plotted, then the value of n can
be obtained from the slope of the plot. If the n value
obtained is not equal to 1, then it is substituted into the
bracket and the curve of log[(F

0
-F)/F] versus log{[D

t
]-

Proteins were considered to have intrinsic fluores-
cence due to the presence of amino acids, mainly Trp,
Tyr and Phe. When the excitation wavelength was at
280 nm, BSA has a strong fluorescence emission peak
at 340 nm. The fluorescence spectra of BSA-aspirin
system was shown in Figure 1. As shown in Figure 1,
the fluorescence intensity of BSA decreased gradually
with the addition of aspirin, however, the fluorescence
intensity of aspirin increased gradually, and a launch
point was observed between the fluorescence peak of
aspirin and the fluorescence peak of BSA. This result
showed that aspirin could quench the intrinsic fluores-
cence of BSA significantly and there was an interaction
between aspirin and BSA, it could also reveal that a
new complex is being formed[8].

In order to confirm the quenching mechanism, the
fluorescence quenching data are analyzed by the Stern-
Volmer equation[9]:

]L[K1]L[K1F/F sv0q0  (1)

Where, F
0
 and F are the fluorescence intensities of BSA

before and after the addition of the aspirin, respectively.

T/(K) Kq /(L·mol
-1 s-1) Ksv / (L·mol

-1) r1 Ka /(L·mol
-1) n r2 

293 2.79×10
11 2.79×10

3 0.996 6 4.53×10
3 0.67 0.996 5 

303 2.69×10
11 2.69×10

3 0.998 8 3.55×10
3 0.74 0.996 2 

310 2.33×10
11 2.33×10

3 0.996 2 2.87×10
3 0.63 0.998 0 

TABLE 1 : Quenching related parameters of BSA and aspirin at different temperatures

K
q 
is the quenching rate constant; K

a 
is the binding constant; n is the number of binding site. r

1
 is the linear relative coefficient

of F
0
/F~[L]; r

2
 is the linear relative coefficient of log(F

0
-F)/F~log{[D

t
]-n[B

t
](F

0
-F)/F

0
}.

Figure 1 : Fluorescence spectra of BSA-aspirin system (T =
303 K); C

BSA
 = 4.0×10-7 mol L-1; 1~15 C

aspirin 
= (0, 0.75, 3.0,

5.0, 7.0, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60) × 10-5 mol L-1
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n[B
t
](F

0
-F)/F

0
} is drawn again. The above process

was repeated again and again till n obtained was only a
single value. Based on the n obtained the binding con-
stant K

a
 can be also obtained. In this work, a calcula-

tion program was developed. The calculation process
can be finished with calculator based on the simple pro-
gram and the calculated result can be obtained by in-
putting F, [D

t
] and [B

t
]. The calculated result was shown

in TABLE 1. As shown in TABLE 1, the fact that the
values of n were all approximately to 1 implied that just
one binding site for aspirin existed in BSA. Meanwhile,
binding constants K

a
 decreased with the rising tempera-

ture, further suggested that the quenching was a static
process[13].

Fluorescence spectra studies

According to the experiment as discussed Section
2.3.2, the interaction between BSA and aspirin with
aspirin as the detection object is investigated. With
gradual addition of BSA to aspirin solution, the inten-
sity of the peak at 410 nm increases with red shift of 4
nm, the results indicate that the interaction between BSA
and aspirin leads to the formation of a complex be-
tween drug and protein. After deducting the correspond-
ing concentration of BSA, the fluorescence spectra of
the system is shown in Figure 2. Figure 2 shows that
with the increasing concentration of BSA, the fluores-
cence intensity of aspirin at 410 nm increases. The re-
sults indicate that the aspirin-BSA system is a fluores-
cence enhancement reaction when drug aspirin is treated

as the studied object. The fluorescence enhancement
equation[14]:

    11

maxF

1

1a

1

maxF

10

FF LIKIII 

 (3)

Where, I
F

0 and I
F
 are the steady-state fluorescence in-

tensity in the absence and presence of BSA, respec-
tively. [L] is the concentration of the ligand. I

F� 
is the

fluorescence intensity when BSA and aspirin reaches
saturation. Based on the linear regression plot of (I

F 
-

I
F
)-1 versus [L]-1, the K

a1
 values can be obtained. The

calculated results were shown in TABLE 2. As shown
in both TABLE 1 and TABLE 2, the K

a1
 value of

method 2 is much greater than the K
a 
value of method 1

at the same temperature, which shows that in addition
to Trp-212 of BSA peptides, the others also interacts
with aspirin. And in addition to the �point to point� in-

teraction between aspirin and Trp-212, the �point to

side� interaction between aspirin and the other pep-

tides in BSA hydrophobic sub-domain also exists[15].
This shows that compared to method 1 with protein as
detection object, treating drugs as detection object can
give more complete and more accurate expression of
the interaction information of proteins and drugs.

Figure 2 : Fluorescence spectrum of aspirin-BSA system (T
= 303 K); C

aspirin
 =1.0×10-5 mol L-1; 1~7 C

BSA
= (0, 0.4, 0.8, 1.0,

1.5, 2.0, 3.0) ×10-7 mol L-1

T/(K) Ka1/(L·mol
-1) Linear regression equation r3 

293 5.46×10
5 

(IF-IF
0)-1 = 0.00667+ 

1.223×10
-8[L]-1 

0.999 3 

303 3.82×10
5 

(IF-IF
0)-1 = 0.01035 + 

2.706×10
-8[L]-1 

0.998 9 

310 3.00×10
5 

(IF-IF
0)-1 = 0.01114 + 

3.708×10
-8[L]-1 

0.996 9 

TABLE 2 : The binding constants of aspirin-BSA system by
method 2 at different temperatures

K
a1 

is the binding constant; r
3
 is the linear relative coefficient

of (I
F
-I

F
0)-1~[L]-1.

Synchronous fluorescence spectra studies

Synchronous fluorescence method has the
advantages of good selectivity, high sensitivity, less
interference etc, and it can be used for the simultaneous
determination of multicomponent mixture

[16]
. One of

the most important parameter for using synchronous
fluorescence technology is choosing the correct
wavelength interval ë, which directly influences the

sensitivity and selectivity[17]
. The effects of ë on

synchronous fluorescence intensity at 20, 30, 40, 50,
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The binding constant K
b
 of protein and drug can be

calculated on the following equation[18]:
1

0
11

b

1

0
1

0 ]L[AKA)AA( 
 (4)

Where, A
0
 and A are the absorption values in the ab-

sence and presence of ligand, respectively. And [L] is
the concentration of the ligand. The UV-vis absorption
spectra of aspirin in the absence and presence of BSA
are shown in Figure 4. As shown in Figure 4, with
gradual addition of BSA to aspirin solution, the inten-
sity of the peak at 202 nm decreases with red shift of 7
nm, indicating that the interaction between BSA and
aspirin leads to the formation of a complex between
drug and protein[19]. Based on the linear regression plot
of (A

0
-A)-1 versus [L]-1, the K

b
 values can be obtained.

The calculated results are shown in TABLE 4. As seen
in TABLE 4, the binding constant K

b 
decreases with

rising temperature, which is consistent with the results
of fluorescence methods. The K

b 
values are close to

K
a1
0K

a2
 of the fluorescence spectroscopy methods with

focus on the fluorescence change of drug, which indi-
cates that the method 2 is correct. The differences of
binding constants may be caused by the differences
between fluorescence method and UV-vis absorption
method.

Type of interaction force of BSA-aspirin systems

Generally, the interaction force between the small
drug molecule and biological macromolecule include
hydrogen bond, Van der Waals force, electrostatic in-

Figure 3 : Synchronization fluorescence spectrum of aspi-
rin-BSA system (T = 303 K); C

aspirin
 =2.0×10-5 mol L-1; 1~9

C
BSA

= (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0) ×10-7 mol L-1
Figure 4 : Absorption spectra of aspirin-BSA system (T = 303
K); C

aspirin 
=2.0×10-5 mol L-1; 1~9 C

BSA
= (0, 0.5, 1.0, 1.5, 2.0,

2.5, 3.0, 4.0, 5.0) ×10-7 mol L-1

T/(K) Ka2/(L·mol
-1) Linear regression equation r4 

293 6.50×10
5 

(Is-Is
0)-1 = 0.00261+ 

4.014×10
-9[L]-1 

0.997 0 

303 4.34×10
5 

(Is-Is
0)-1 = 0.00228 + 

5.258×10
-9[L]-1 

0.998 2 

310 3.50×10
5 

(Is-Is
0)-1 = 0.00093 + 

2.645×10
-9[L]-1 

0.999 3 

TABLE 3 : The binding constants of aspirin-BSA system by
synchronous fluorescence method at different temperatures

K
a2 

is the binding constant; r
4
 is the linear relative coefficient

of (I
s
-I

s
0)-1~[L]-1.

60, 70, 80, 90, 100, 110, 100 and 120 nm were tested
and it turned out that when ë is 30 nm, the synchronous
fluorescence signal of the influence is the strongest. With
increasing concentration of BSA, the synchronous
fluorescence intensity of aspirin-BSA also increases.
After deducting the corresponding concentration of
BSA, the fluorescence spectra of the system is shown
in Figure 3. According to the Eq. (3), the binding
constants Ka2 are calculated and listed in TABLE 3.
Comparing TABLE 1, TABLE 2 and TABLE 3, we
can see that the Ka2 value is observed to be much
larger than Ka of the method 1 and close to Ka1
obtained by the method 2. This phenomenon also shows
that treating the drug as detection objects can give more
complete and more accurate expression the interaction
information of proteins and drugs. In this way, the
correctness for method 2 is proved.

UV-vis absorption spectra studies
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T/(K) Kb/(L·mol
-1) 

Linear regression 

equation 
r5 

293 6.06×10
5 

(A0-A)-1 = 0.797+ 

1.316×10
-6[L]-1 

0.997 9 

303 4.23×10
5 

(A0-A)-1 = 1.140 + 

2.697×10
-6[L]-1 

0.998 5 

310 3.10×10
5 

(A0-A)-1 = 0.414 + 

1.338×10
-6[L]-1 

0.997 2 

TABLE 4 : The binding constants of aspirin-BSA system by
UV-vis absorption method at different temperatures

K
b 
is the binding constant; r

5
 is the linear relative coefficient

of (A
0
-A)-1~[L]-1

Method T /(K) K /(L·mol
-1) H /(KJ·mol

-1) S /(J·mol
-1

·K
-1) G /(KJ·mol

-1) 

293 4.53×10
3 1.42 -20.51 

303 3.55×10
3 1.66 -20.59 Method 1 

310 2.87×10
3 

-20.10 

1.39 -20.52 

293 5.46×10
5 19.10 -32.18 

303 3.82×10
5 19.13 -32.38 Method 2 

310 3.00×105 

-26.58 

19.10 -32.50 

293 6.06×10
5 9.97 -32.43 

303 4.23×10
5 10.30 -32.64 UV-vis absorption method 

310 3.10×10
5 

-29.51 

9.92 -32.59 

293 6.50×10
5 16.79 -32.61 

303 4.34×10
5 16.55 -32.70 Synchronous fluorescence method 

310 3.50×10
5 

-27.69 

16.83 -32.90 

TABLE 5 : The thermodynamic parameters of aspirin-BSA at different temperatures

teractions and hydrophobic force, etc. Ross and
Subramanian[20] have characterized the sign and mag-
nitude of the thermodynamic parameter, enthalpy change
(H), free energy (G) and entropy change (S) of
reaction, associated with various individual kinds of in-
teraction. When temperature varies in a small range,
the H could be considered as a constant[21]. Negative
ÄH and positive S indicate electrostatic interaction
plays a major role in the binding reaction. Positive H
and S are generally considered as the evidence for
typical hydrophobic interactions. In addition, Van der
Waals force and hydrogen bonding formation in low
dielectric media are characterized by negative H and

S[22]. The thermodynamic parameters can be calcu-
lated on the basis of the following equation[23]:

T/HSKlnR  (5)

STHG  (6)

According to the relevant thermodynamic param-
eters of small molecule drugs and biological macromol-
ecules, the type of interaction force can be simply
judged[24]. Based on the linear regression plot of RlnK
versus 1/T, the ÄH value can be obtained. Therefore,
the values of H, S and G were listed in TABLE
5. The reaction process of aspirin and BSA was a spon-

taneous molecular interaction procedure in which en-
tropy increased and Gibbs free energy decreased[25].
The entropy is a measure of the degree of disorder of
the system. Each spontaneous and irreversible process
is a change from order to disorder, and towards the

direction of higher degree of confusion. Under the iso-
thermal, isobaric and no non-expansion work condi-
tions, spontaneous variation of the system is always
carried out towards decreasing the Gibbs free energy[26].
From TABLE 5 it can be seen that the S values ob-
tained were smallest and the G values obtained were
largest by method 1, which indicated that the reaction
using aspirin as the focus was easier. It is more accu-
rate and reasonable that we take the fluorescence
changes of drugs as the studied object. The positive
value of S and H showed that the electrostatic in-
teraction play a major role in the binding process[27].
The conclusions of four methods were consistent, which
indicated that when studying the type of interaction force
between drug and protein, the conclusions of the method
1 were consistent with methods with focus on the
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fluorescence change of drug.

CONCLUSIONS

In this paper, the interaction between aspirin and
BSA was studied at different temperatures with the
methods of method 1 and method 2, and verified by
UV-vis absorption and synchronous fluorescence
method. Comparing binding constants of the four meth-
ods shows that the K

a
 values of method 2, synchro-

nous fluorescence method and UV-vis absorption
method were greater than method 1 and the three val-
ues are close to each other. That means that taking drugs
as detection object for method 2 can be more compre-
hensive and more accurate when expressing the inter-
action information between protein and drug in terms
of fluorescence. Linear phase relations of linear regres-
sion equation of three methods are above 0.99. Al-
though the values for the methods with focus on the
fluorescence change of drug and UV-vis absorption
method of binding constant are slightly different, the dif-
ference is minimal. It also suggests that the method 2 is
reasonable. The method 2 is a challenge for method 1,
and it provides a new way to study the interaction more
accurately between drugs and proteins, which will fur-
ther improve the study of the reaction mechanism be-
tween drugs and proteins.
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