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Abstract

The interaction between monoammonium glycyrrhizinate (MAG) and bovine serum albumin (BSA) were studied by fluorescence and
absorption spectroscopy. The quenching mechanism of fluorescence of bovine serum albumin by monoammonium glycyrrhizinate was
discussed. The binding sites numbernand apparent binding constantKwere measured by fluorescence quenching method. The thermodynamic
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arameters�H◦, �G◦, �S◦ at different temperatures were calculated. The distancer between donor (bovine serum albumin) and acce
monoammonium glycyrrhizinate) was obtained according to Főrster theory of non-radiation energy transfer. The results of synchr
uorescence spectra and UV–vis absorption spectra show that the conformation of bovine serum albumin has been changed.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Monoammonium glycyrrhizinate (MAG) (molecular
tructure:Fig. 1; formula: C42H65NO16; molecular weight:
39.96) could be used in many domains because of its nu-
erous properties. Chinese traditional medicine glycyrrhiza

oot is a source of glycyrrhizin, it can also be called gly-
yrrhizic acid (3–5% of this is triterpenic saponin), which
s 50–60 times sweeter than sucrose[1]. Glycyrrhizin is
teroid-like, protective of the liver[2–6], has antioxidant
7,8], antitussive[9], and antivirus[10,11] properties and
an be used in toothpaste for treatment of dental plaque
12,13].

Serum albumins are the most abundant proteins in the
irculatory system of a wide variety of organisms. Being

∗ Corresponding author. Tel.: +86 27 8721 8284; fax: +86 27 8764 7617.
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the major macromolecule contributing to the osmotic bl
pressure[14], they can play a dominant role in drug d
position and efficacy[15]. Many drugs and other bioacti
small molecules bind reversibly to albumin and other se
components, which then function as carriers. Serum alb
often increases the apparent solubility of hydrophobic d
in plasma and modulates their delivery to cells in vivo an
vitro. Consequently, it is important to study the interacti
of drugs with this protein. The effectiveness of drugs dep
on their binding ability.

Fluorescence and UV–vis absorption spectroscopie
powerful tools for the study of the reactivity of chemical a
biological systems. The aim of this work was to determine
affinity of monoammonium glycyrrhizinate (MAG) to bovi
serum albumin (BSA), and to investigate the thermodyn
ics of their interaction. We also tried to find the stoichiom
of the MAG–BSA complex. To resolve this problem, the
and fluorescent properties of MAG as well as BSA were
vestigated.
731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2004.08.021
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Fig. 1. Molecular structure of monoammonium glycyrrhizinate.

2. Experimental

2.1. Materials

MAG (National Vaccine & Serum Institute, Beijing,
China) and BSA (being electrophoresis-grade reagents, was
obtained from Sigma) were used. The samples were dissolved
in Tris–HCl buffer solution (0.05 mol L−1 Tris, 0.10 mol L−1

NaCl, pH = 7.4). All reagents were of analytical reagent grade
and doubly distilled water was used throughout.

2.2. Apparatus

All fluorescence spectra were recorded on F-2500 Spec-
trofluorimeter in the ratio mode with temperature maintained
by circulating bath (Hitachi, Japan); TU-1901 spectropho-
tometer (Puxi Ltd. of Beijing, China) was used for scan-
ning UV–vis spectra; the mass of the sample was accurately
weighed using a microbalance (Sartorius, ME215S) with a
resolution of 0.1 mg.

2.3. Spectroscopic measurements

The absorption spectra of BSA, MAG and their mixture
were performed at room temperature.
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Fig. 2. Emission spectra of BSA in the presence of various concentrations
of MAG, c (BSA) = 1.0× 10−5 mol L−1; c (MAG)/(10−5 mol L−1), A–I: 0;
0.8; 1.6; 2.4; 3.2; 4.0; 4.8; 5.6; 6.4. (T = 310 K).

3. Results and discussions

3.1. Fluorescence characteristics of BSA

The concentrations of BSA were stabilized at
10−5 mol L−1, and the content of MAG varied from 0
to 6.4× 10−5 mol L−1 at the step of 0.4× 10−5 mol L−1.
The effect of MAG on BSA fluorescence intensity is shown
in Fig. 2.

The intensity of fluorescence can be decreased by a wide
variety of processes. Such decreases in intensity are called
quenching. It is apparent fromFig. 2 that the fluorescence
intensity of BSA decreased regularly with the increasing of
MAG concentration.

The fluorescence quenching data are usually analysed by
the Stern–Volmer equation[16]:

F0

F
= 1 + KSV[Q] (1)

where,F0 andF are the steady-state fluorescence intensities
in the absence and presence of quencher (MAG), respectively.
KSV is the Stern–Volmer quenching constant, and [Q] the
concentration of quencher.

The Stern–Volmer quenching constantKSV of BSA and
tryptophan residues fluorescence by MAG at different tem-
peratures are shown inTable 1.

echa-
n ing
The fluorescence measurements were performed at d
nt temperatures (298, 302, 306 and 310 K). Excitation w

ength was 280 nm. The excitation and emission slit wi
ere set at 2.5 nm. Appropriate blanks corresponding t
uffer were subtracted to correct background fluoresce

able 1
tern–Volmer quenching constantKSV and relative thermodynamic para

(K) 10−4KSV (L mol−1) Ra S.D.b

98 2.339 0.9982 0.0290
02 2.548 0.9974 0.0382
06 2.779 0.9989 0.0273
10 2.948 0.9985 0.0343

a R is the linear quotient.
b S.D. is standard deviation.
of MAG–BSA at pH = 7.4

�H◦ (kJ mol−1) �G◦ (kJ mol−1) �S◦ (J mol−1 K−1)

15.0 −24.9 134
−25.5
−26.0
−26.5

These results indicate that the probable quenching m
ism of fluorescence of BSA by MAG is a dynamic quench



Y.-J. Hu et al. / Journal of Pharmaceutical and Biomedical Analysis 36 (2004) 915–919 917

procedure, because theKSV increased with the rising temper-
ature[16].

3.2. The determination of the force acting between MAG
and BSA

The interaction forces between a drug and biomolecule
may include hydrophobic force, electrostatic interactions,
van der Waals interactions, hydrogen bonds, etc. The slope
of a plot of the bimolecular quenching constant versus 1/T
(T, absolute temperature) allows one to calculate the energy
change for the quenching process[17]. If the enthalpy change
(�H◦) does not vary significantly over the temperature range
studied, then its value and that of entropy change (�S◦) can
be determined from the van’t Hoff equation:

ln K = −�H◦

RT
+ �S◦

R
(2)

whereK is the Stern–Volmer quenching constant at the cor-
responding temperature andR is the gas constant. The tem-
peratures used were 298, 302, 306 and 310 K. The enthalpy
change (�H◦) is calculated from the slope of the van’t Hoff
relationship. The free energy change (�G◦) is estimated from
the following relationship:

�G◦ = �H◦ − T �S◦ (3)
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Fig. 3. Spectral overlap of MAG absorption with BSA fluorescencec (BSA)
= c (MAG) =1.0× 10−5 mol L−1.

transfer of energy could also take place through direct electro-
dynamic interaction between the primarily excited molecule
and its neighbors. According to this theory, the distancer of
binding between MAG and BSA could be calculated by the
equation[21]:

E = R6
0

R6
0 + r6

(5)

whereE is the efficiency of transfer between the donor and
the acceptor,R0 is the critical distance when the efficiency of
transfer is 50%.

R6
0 = 8.79× 10−25K2n−4φJ (6)

In Eq. (6), K2 is the space factor of orientation;n the
refracted index of medium;φ the fluorescence quantum yield
of the donor;J the effect of the spectral overlap between the
emission spectrum of the donor and the absorption spectrum
of the acceptor (Fig. 3), which could be calculated by the
equation:

J =
∫ ∞

0 F (λ)ε(λ)λ4dλ∫ ∞
0 F (λ)dλ

(7)

whereF (λ) is the corrected fluorescence intensity of the
donor in the wavelength rangeλ–(λ + �λ); ε(λ) is the ex-
t f
t
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Table 1shows the values of�H◦ andT �S◦ obtained fo
he binding site from the slopes and ordinates at the orig
he fitted lines.

FromTable 1, it can be seen that the negative sign for
nergy (�G◦) means that the interaction process is sp

aneous. The positive enthalpy (�H◦) and entropy (�S◦)
alues of the interaction of MAG and BSA indicate that
inding is mainly entropy-driven and the enthalpy is un
orable for it, the hydrophobic forces playing a major rol
he reaction[18].

.3. Analysis of binding equilibria

When small molecules bind independently to a se
quivalent sites on a macro-molecule, the equilibrium

ween free and bound molecules is given by the equ
19]:

g

(
F0 − F

F

)
= lg K + n lg [Q] (4)

here, in the present case,K is the binding constant to a si
ndn the number of binding sites per BSA.

According to the Eq.(4), the binding constantK and the
umber of binding sitesn can be obtained asK = 1.79×
04 L mol−1, n = 1.01, respectively.

.4. Energy transfer between MAG and BSA

The F̋orster theory of molecular resonance energy tran
20] points out: in addition to radiation and reabsorptio
inction coefficient of the acceptor atλ. The efficiency o
ransfer (E) could be obtained by the equation:

= 1 − F

F0
(8)

In the present case,K2 = 2/3,N= 1.36, andφ = 0.15[22].
ccording to the Eqs.(5)–(8), we could calculate thatJ =
.14× 10−15 cm3 L mol−1; R0 = 1.76 nm;E = 0.20 andr =
.21 nm. The average distancer < 8 nm[23], and 0.5R0 < r
1.5R0 [24] indicate that the energy transfer from BSA
AG occurs with high probability.

.5. Conformation investigation

To explore the structural change of BSA by addition
AG, we measured UV–vis spectra (Fig. 4) and synchronou
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Fig. 4. UV–vis spectra of BSA in the presence of various concentrations
of MAG A–I, c (BSA) = 1.0× 10−5 mol L−1; c (MAG)/(10−5 mol L−1): 0;
0.8; 1.6; 2.4; 3.2; 4.0; 4.8; 5.6; 6.4.

fluorescence spectra (Fig. 5) of BSA with various amounts of
MAG. Fig. 4displays the UV–vis spectra of BSA at different
contents of MAG. It is clear from the figure that in the visible
region, the absorption peaks of these solutions showed mod-
erate shifts toward shorter wave lengths indicating that with
the addition of MAG, the peptide strands of BSA molecules
extended more and the hydrophobicity was decreased.

F
�

0

The synchronous fluorescence spectra give information
about the molecular environment in a vicinity of the chro-
mosphere molecules. In the synchronous spectra, the sensi-
tivity associated with fluorescence is maintained while of-
fering several advantages: spectral simplification, spectral
bandwidth reduction, and avoiding different perturbing ef-
fects. The authors[25] suggested a useful method to study
the environment of amino acid residues by measuring the
possible shift in wavelength emission maximumλmax, the
shift in position of emission maximum corresponding to the
changes of the polarity around the chromophore molecule.
When theD-value (�λ) between excitation wavelength and
emission wavelength were stabilized at 15 nm or 60 nm, the
synchronous fluorescence gives the characteristic informa-
tion of tyrosine residues or tryptophan residues[26]. The ef-
fect of MAG on BSA synchronous fluorescence spectroscopy
is shown inFig. 5.

It is apparent fromFig. 5 that the maximum emission
wavelength moderate shifts towards long wave when�λ =
60 nm. The shift effect expresses that the conformation of
BSA was changed. It is also indicated that the polarity around
the tryptophan residues was increased and the hydrophobic-
ity was decreased[27]. The conclusion agrees with the result
of conformational changes by UV–vis spectra.
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ig. 5. Synchronous fluorescence spectrum of BSA: (a)�λ = 15 nm; (b)
λ = 60 nmc (BSA) =1.0× 10−5 mol L−1; c (MAG)/(10−5 mol L−1); A–I:
; 0.8; 1.6; 2.4; 3.2; 4.0; 4.8; 5.6; 6.4.

azi,
. Conclusions

In this paper, the interaction of MAG with BSA was stu
ed by Spectroscopic methods including fluorescence
roscopy and UV–vis absorption spectroscopy. The re
f synchronous fluorescence spectroscopy and UV–vis

ra indicate that the secondary structure of BSA molec
s changed dramatically in the presence of MAG. The
erimental results also indicate that the probable quen
echanism of fluorescence of BSA by MAG is a dyna
uenching procedure, the binding reaction is mainly entr
riven, and hydrophobic interactions played a major ro

he reaction.
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