
INTRODUCTION

Fluorescence is generally defined as a luminescence

emission that is caused by the flow of some form of energy

into the emitting body, which is named fluorophore. Scilicet

only fluorophores can emit fluorescence when excited by

light1. Fluorescence spectroscopy is an important method to

study the interaction of substances with protein, which can

provide some information about structures of chemical com-

pound2,3 or changes of the environment of fluorophores4,5.

Human serum contains 6-8 % solids, including macro-

molecules such as albumin, antibodies and other globulins

and enzymes; peptide and lipid-based hormones and cytokines;

as well as certain nutritive organic materials in small amounts,

such as amino acids, glucose and fats1. Human serum albumin

(HSA) is the most abundant protein in human serum. It consti-

tutes about half of the blood serum protein and most drug.

The structure of human serum albumin is in Fig. 1. Human

serum albumin plays an important role in the transport and

disposition of endogenous and exogenous ligands present in

blood6. More than 90 % of the medicine that is taken bound

to serum albumin. Therefore, the interaction between drugs

and serum albumin has been attracting increasing attention

with the development of fluorescence spectroscopy technology.

Based on fluorescence spectroscopy, fluorescence quenching

mechanism of drugs and albumin can be investigated and

some parameter, binding constant and number of binding sites,

can be obtained7-10. These studies demonstrated the power of
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Fig. 1. Structure of human serum albumin

fluorescence spectroscopy technology in pharmacological

research.

Troxerutin (Fig. 2) shows a marked affinity for the venous

wall. The highest uptake in the outer wall region is likely to

result from transport through the vasa vasorum due to the

rheologic properties of the drug11. We reported the binding of

troxerutin to bovine serum albumin7. The purpose of this study

is to investigate the behaviour of the interaction between

human serum and troxerutin for expounding pharmacological

actions and determine the optimal excitation wavelength for

serum-troxerutin interaction.
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Fig. 2. Structure of troxerutin

EXPERIMENTAL

The human serum sample was provided by the hospital

of NUAA. The troxerutin sample was obtained from Shanxi

Yabao Pharmaceutical Group Co. Ltd. (Shanxi, China). The

human serum stock solution (1.0 µM L-1) was prepared in

phosphate buffer solution (pH 7.4) containing 0.1 mol L-1

NaCl. The troxerutin solution was also prepared in phosphate

buffer solution, with the same pH value. Distilled water was

used throughout the experiments.

All the fluorescence spectra were measured using a RF-

5301PC spectrofluorophotometer (Shimadzu, Japan) equipped

with a 150-W Xenon lamp, using a quartz cell of 1.0 cm path

length.

Procedures: A 3-mL human serum solution with a concen-

tration of 1 µM L-1 was titrated by successive addition of

stock of solution of troxerutin (Ctroxerutin = 6 µM/L). Titrations

were carried out manually by a micro-injector. The fluorescence

emissions were recorded with exciting wavelength from 250-

290 nm at the temperature of 299 K.

RESULTS AND DISCUSSION

Fluorescence spectra of HS excited at 250-290 nm: The

fluorescence spectra of human serum with the exciting wave-

length 250-290 nm are shown in Fig. 3.

Fig. 3. Fluorescence spectra excited at 250-290 nm

In Fig. 3, there is only one peak at 330 nm when the

sample is excited at wavelength 250-290 nm. The position of

the peak (330 nm) is stable when the wavelength is different.

Fluorescence spectroscopy of the Interaction between

human serum and troxerutin: Addition of troxerutin into

human serum results in the fluorescence intensity gradually

decreases (Fig. 4), indicating the binding of troxerutin to human

serum. There is no other peak generating while the concentration

of troxerutin is increasing, but the peak has a slight blue shift.

And differences of the fluorescence intensity's reducing extent

exist when the excited wavelength changes from 250-290 nm

with indicating the binding of troxerutin to human serum.

Fig. 4. Fluorescence spectra of the interaction between human serum

and troxerutin excitated with 290 nm

In order to clarify the extent of the fluorescence intensity's

diminution, the relationship between the concentration of

troxerutin and the fluorescence intensity is analyzed in Fig. 5.

According to the curves shown in Fig. 5, different slopes

occur in the curves when the excited wavelength is in a range

of 250-290 nm. In addition, when the excited wavelength is

fixed at 290 nm, not only the slope of the curve of the interac-

tion between human serum and troxerutin is the strongest, but

also the fluorescence intensity is strongest in all. So the excited

wavelength 290 nm is the best choice for the investigation of

interaction between human serum and troxerutin.

Fig. 5. Relationship between fluorescence intensity of peak and the

concentration of troxerutin
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It can be seen from Fig. 3 that human serum's emission

wavelength is at 330 nm and the endogenic fluorescence of

troxerutin has no influence on fluorescence spectra of serum-

troxerutin's interacton. According to the approximate Lambert-

Beer Law: IF = 2.3ϕI0εcl, where IF is the fluorescence intensity,

ϕ is emission ratio, ε is molar extinction coefficient, c is the

sample's concentration, L is optical path length, the fluore-

scence intensity (IF) is proportional to the sample's concen-

tration c12. As a result, it follows that decrease of the fluore-

scence intensity illustrate the changes of the concentration of

the sample. Perhaps, the decrease of fluorescence intensity

due to the decrease of the fluorophore's concentration, which

may results from the interaction between human serum and

troxerutin. Therefore, it is a clarity for the detection of the

interaction between human serum and troxerutin by fluore-

scence spectroscopy.

Fluorescence spectroscopy study by Gaussion fitting:

It is known that human serum is a compound of a variety of

ingredient, such as protein, polypeptide. In other words, peaks

in the fluorescence spectra may be actually superposition of

different fluorescent substance. Generally, a fluorescence

spectra of a certain substance is a Gauss curve13. Accordingly

two Gaussian curves (the centre wavelength are 325 and 350

nm, respectively) fit to the spectra recorded in the experiment

by Gaussion fitting (Fig. 6). After the addition of troxerutin,

the Gaussian curve with the centre wavelength 350 nm has a

slight red shift gradually. Moreover, the ratio of the intensity

of 325 nm I325 and the intensity of 350 nm I350 increases when

indicating the binding of troxerutin to human serum (Table-1).

To the best of our knowledge, the Gaussian curve of the centre

wavelength 350 nm may be the emission of tryptophan and

that of the centre wavelength 325 nm is perhaps the fluore-

scent line of tyrosine14. As a result, the increase of I325/I350 may

demonstrate that tryptophan-troxerutin's interaction is stronger

than tyrosine-troxerutin's interaction.

TABLE-1 

VALUE OF I325/I350 IN FIG. 6 (a-f) 

 a b c d e f 

I325 373 333 295 247 142 106 

I350 413 302 265 212 97 65 

I325/I350 0.90 1.10 1.11 1.17 1.46 1.63 

 

300 350 400 450 500
Wavelength (nm)

700

600

500

400

300

200

100

0

-100

F
lu

o
re

s
c
e

n
c
e

 i
n

te
n

s
it
y
 (

a
.u

.)

HS + 0 µM/L TR

(350,413)
(325,373)

300 350 400 450 500
Wavelength (nm)

500

400

300

200

100

0

-100

F
lu

o
re

s
c
e

n
c
e

 i
n

te
n

s
it
y
 (

a
.u

.)

HS + 12 µM/L TR

(350,265)
(325,295)

300 350 400 450 500
Wavelength (nm)

600

500

400

300

200

100

0

-100

F
lu

o
re

s
c
e

n
c
e

 i
n

te
n

s
it
y
 (

a
.u

.)

HS + 6 µM/L TR

(351,302)
(325,333)

300 350 400 450 500
Wavelength (nm)

400

350

300

250

200

150

100

50

0

-50

F
lu

o
re

s
c
e

n
c
e

 i
n

te
n

s
it
y
 (

a
.u

.)

HS + 18 µM/L TR

(351,212)

(325,247)

300 350 400 450 500
Wavelength (nm)

200

150

100

50

0

-50

F
lu

o
re

s
c
e

n
c
e

 i
n

te
n

s
it
y
 (

a
.u

.)

HS + 24 µM/L TR

(355,97)

(325,142)

Vol. 25, No. 2 (2013) Investigation of the Interaction Between Human Serum and Troxerutin by Fluorescence Spectroscopy  869



Fig. 6. Guassion fitting of fluorescence spectra excited at 290 nm

Conclusion

The interaction between human serum and troxerutin was

investigated by fluorescence spectroscopy. The result showed

that the fluorescence of human serum can be quenched by

troxerutin. There is a discrepancy when the sample was excited

with varying wavelength (from 220-290 nm). It could be

obtained that 290 nm is most appropriate for the experimental

research on serum-troxerutin's interaction. Gaussion fitting

curve showed that the centre wavelength was 325 nm, which

may be the fluorescent line of tyrosine and the other Gaussion

curve perhaps the emission fluorescence spectra of tryptophan.
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