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Prednisolone has a broad range of applications in different diseases. This drug is
associated with peptic ulcers and their recurrences. In order to prevent ulcers and
their complications, many practitioners use ranitidine as concomitant therapy with
prednisolone. The aim of the present study was to describe the competition between
ranitidine (RA) and prednisolone (PR) for binding with human serum albumin
(HSA). Fluorescence analysis was used to define the binding and quenching
properties of drug-HSA complexes in binary and ternary systems. When RA was
introduced into the HSA-PR system, the values for “n” factor at 280 nm were lower
than those for the binary HSA-RA system, since the binding constant of HSA-RA is
lower in the presence of PR. Fluorescence spectroscopy showed that in the presence
of prednisolone the binding constant of HSA-ranitidine decreased.
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INTRODUCTION
Background

Prednisolone (a glucocorticoid with anti-inflammatory and
immune modulating properties) has a broad range of
applications such as in endocrinologic disorders, collagen
vascular diseases, dermatology, allergic diseases,
ophthalmology, pulmonology, hematology, nephrology,
gastro-enterology, and neurology. The drug is associated with
peptic ulcers and their recurrences, which in turn may cause
life-threatening complications (i.e., obstruction and
gastrointestinal hemorrhage). In order to prevent ulcers and
their complications, many practitioners use histamine receptor
blockers such as ranitidine as concomitant therapy with
prednisolone. Ranitidine (a histamine-2 receptor blocker)
reduces the production of acid by the stomach. It is also used
to treat and prevent ulcers in the stomach and intestines. In
addition, it is recommended for conditions in which the
stomach produces an excessive amount of acid, as in the
Zollinger-Ellison syndrome. In double-blind, multicenter and
controlled trials, the number of peptic ulcers observed was
significantly less in patients treated with ranitidine. Ranitidine,
like other H2-antagonists, decreases the overall prevalence of
peptic ulcers by reducing the frequency of ulcer recurrences
and/or promoting rapid healing which may occur during
maintenance therapy. Given the fact that both prednisolone and
ranitidine are carried within the circulation via albumin, their
competition for receptors on this protein may lead to
alterations in their serum levels and drug effects. Proteins are
an essential part of the living organism and play a basic role in
countless structural and functional phenomena. As a result, it is
no surprise that they are, intentionally or not, the major target

of many types of medicines in the body. Therefore, the
molecular interactions between various types of drugs and
cellular proteins have been the focus of many studies.
However, information regarding the effect of chemical
substances present in Chinese herbal medicine on cellular
proteins remains scarce (Lango et al., 2012; Garcia Rodríguez
and Hernández-Díaz, 2001). Human serum albumin (HSA), the
most common protein found in the plasma, accounts for 52%
of the total protein composition in the matrix. It facilitates the
disposition and transportation of various exogenous and
endogenous ligands with dissociation binding constants in the
range of 10−3 to 10−8 mo1 L−1. It binds an extraordinarily wide
spectrum of medications and their components (e.g., fatty
acids, amino acids, steroids, metal ions, etc.). The main
physiologic role of albumin is to regulate the plasma osmotic
pressure. It also contributes to the maintenance of normal
blood pH. Knowledge of the interaction between HSA and
drugs is crucial to the understanding of the disposition,
transportation, metabolism and efficacy of drugs, which sharply
correlate with their affinities toward HSA. Therefore, the study of
the binding of such small molecules to HSA is of great
importance (Buchman, 2001; Conn and Blitzer, 1976; Schäcke et
al., 2002). Recently, the three-dimensional structure of HSA was
determined through X-ray crystallographic measurements. The
protein is composed of 585 amino acids with identified sequences
and a 66,000-Da molecular weight. It contains three highly
specialized sites (I, II and III) for high affinity binding of drugs.
Site I bears firm hydrophobic interactions with most neutral,
bulky, heterocyclic compounds, while site II promotes dipole–
dipole, van der Waals, and/or hydrogen-bonding interactions with
numerous aromatic carboxylic acids (Hentschel et al., 1993;
Lanas et al., 1995). Each site, which is stabilized by 17 disulfide
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bridges, contains two sub-domains (A and B). The main regions
of ligand binding to HSA, it is assumed,  are in hydrophobic
regions in sub-domains IIA and IIIA, which are consistent with
sites I and II, respectively.  Sub-domain IIA is also the site for one
tryptophan (Trp) residue of HSA. Drugs which are poorly soluble
in water (e.g., anticoagulants, tranquilizers, and anesthetics) are
transported through the circulation via HSA. It has been proven
that HSA binding properties of drugs may affect their distribution
pattern, free concentration, and metabolism (Lanas et al., 1995;
Sudlow et al., 1976; Peters, 1996). The binding characteristics of
albumin are influenced by the three-dimensional properties of the
binding sites, which are distributed over the molecule. It is known
that the stronger the binding characteristics of a drug, the lower its
plasma concentration. On the other hand, weak binding may lead
to a short half-life or ineffective distribution. Albumin plays an
essential role in pharmacokinetics and pharmacodynamics due to
its remarkable binding characteristics which allow binding to a
variety of drugs (Wanwimolruk et al., 1983; Liu et al., 2004).
Therefore, studies focusing on such aspects have become an
interesting field of research in clinical medicine, life sciences,
chemistry, and can provide critical information regarding the
structural features which determine the therapeutic efficiency of
drugs (Trisak et al., 1990).

METHOD AND MATERIALS
HSA, RA and PR were purchased from Sigma Chemical
Company and used without further purification. The
concentration of HSA (MW 65,000) was %0.03 and that of RA
and PR were 1 10   mM and 9 10   mM, respectively. These
were prepared in a 50 mM potassium phosphate buffer
(PH=7.4). In measurements for each data point, 5 μl of the
drug solution was added to 2 ml of the HSA solution. Based on
the reaction time recorded, three minutes were required for
stabilization. All other chemicals were of analytical reagent
grade and double distilled water was used. All stock solutions
were stored at 0-4 0C.

Fluorescence measurements

A JascoFP-6200 spectrofluorimeter was used to record
fluorescence spectra with an excitation wavelength at 280 and 295
nm. Both the excitation and emission slit widths were set at 5.0
nm. The emission spectra were recorded from 300 to 600 nm.
Blank values showing the buffer were eliminated to correct for the
background fluorescence. Prior to the assessment of the binding
and quenching results, corrections and calibrations were made for
inner filter and dilution effects on fluorescence intensities. The
device was calibrated for each time of experiment.

Synchronous fluorescence spectroscopy

A simultaneous scanning of the excitation and emission
monochromators was performed in order to obtain synchronous
fluorescence spectra. The wavelength interval (Δλ) was set at 15
nm and 60 nm, at which the spectrum only showed the
spectroscopic characteristics of tyrosine and tryptophan residues
of HSA and drugs in binary and ternary systems, respectively.  A
correction of the dilution factor of the ligand titration was made in
all titration experiments.

Resonance light scattering

A simultaneous scanning of the excitation and emission
monochromators of the spectrofluorimeter was performed from
300 to 600 nm with a Δλ of zero nm and a slit width of 5.0 nm

so that the resonance light scattering (RLS) spectra with an F-
2500 fluorescence spectrophotometer (Hitachi, Japan) can be
recorded. The enhanced RLS intensity of drugs was shown as

∆IRLS=IRLS-I0RLS,where RLSI
and 0RLSI

were the RLS
intensities of the chemicals with and without drugs,
respectively (Rahman et al., 1993) and a slit width of 5.0 nm,
which has been proved to be able to investigate the aggregation
of small molecules and the long range assembly of drugs on
biological templates.

RESULTS
Figure 1 shows the fluorescence quenching spectra of HSA
which is excited at 280 nm in the presence of RA in binary and
ternary systems.

Fig .1 The fluorescence spectra of (A) HSA-RA in binary systems and (B)
HSA-RA in ternary systems complexes. (Conditions: T=298 K, pH= 7.4, λex

=280 nm).

Figure 2 shows the fluorescence quenching spectra of HSA excited at 280 nm
in the presence of PR in binary and ternary systems.
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Fig .2.  The fluorescence quenching spectra of HSA excited at 280 nm in the
presence of PR in binary and ternary systems. (Conditions: T=298 K, pH= 7.4,

λex =280 nm).

Fluorescence quenching of HSA is excited at 280 nm in the
presence of PR and RA in binary and ternary systems (Table
1). Obviously, in all cases (in binary and ternary systems), the
static quenching was observed.

The binding constants and the mean number of drug molecules
bound to protein in the binding site for binary and ternary
systems at excitation wavelength 280 nm are shown in Table 2.

The synchronous fluorescence spectra of HSA with different
amounts of RA and PR were recorded at 60 nm in binary and
ternary systems (Figure 3).

Fig .3 Synchronous fluorescence spectra (A) HSA-RA, (B) HSA-PR, (C)
(HSA-PR)-RA, and (D) (HSA-RA)-PR at ∆λ =60 nm

A record of the synchronous fluorescence spectra of HSA with
different amounts of RA and PR was made at 15 nm in binary
systems (figure 4).

Fig.4. Synchronous fluorescence spectra (A) HSA-RA and (B) HSA-PR, at ∆λ
=15 nm
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Table 1 Values for Ksv, Kq, R at λex =280 nm in the
binary and ternary systems. (Conditions: T=298K,

pH=7.4)
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Table 2 Values for Kα, n, R at λex =280 nm in the binary and
ternary systems. (Conditions: T=298K, pH=7.4)
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RLS spectra of HSA in the presence of increasing
concentrations of RA are shown in figure 5.

Fig .5 RLS spectra of HSA in the presence of increasing concentrations of
RA in binary (A) and ternary (B) systems.

DISCUSSION
Analysis of fluorescence quenching of HSA by RA and PR

The intrinsic fluorescence of HSA is a result of its tryptophan,
tyrosine, and phenylalanine residues with tryptophan as the
main contribution. This may be explained by the fact that
phenylalanine possesses a very low quantum yield and tyrosine
fluorescence is almost totally quenched when ionized or near
an amino group, a carboxyl group or a tryptophan
(Wanwimolruk et al., 1983).

Fluorescence quenching is a reduction in the quantum yield of
fluorescence from a fluorophore which may be the result of
numerous molecular interactions (e.g., excited-state reactions,
energy transfer, ground-state complex formation and
collisional quenching) (Yang et al., 2007; Zhang et al., 2008;
Fehske et al., 1981). Figure 1 shows the fluorescence
quenching spectra of HSA which is excited at 280 nm in the
presence of RA in binary and ternary systems. Obviously, in
all cases of binary and ternary systems, the fluorescence
intensities of HSA declined significantly with increasing
concentrations of RA, which showed that drugs interacted with
HSA and the emission maximum underwent a blue shift. Based
on these results, it may be concluded that drugs in binary and
ternary systems marginally intensify the hydrophobicity (or
decrease the polarity) of the area around the tryptophan and/or
tyrosine within HSA (Dufour and Dangles, 2005).

Figure 2 shows the fluorescence quenching spectra of HSA
excited at 280 nm in the presence of PR in binary and ternary
systems. It is evident that, in all cases (in binary and ternary
systems), the fluorescence intensities of HSA decreased

remarkably with increasing concentrations of PR, which
indicated that drugs interacted with HSA, and the emission
maximum underwent a blue shift with increasing transition
drug concentrations. This is indicative of the fact that the
hydrophobicity (or decreased polarity) of the area around the
tryptophan and/or tyrosine in HSA can be marginally increased
with the addition of drugs in binary and ternary systems.

Fluorescence quenching may result from various mechanisms,
usually known as static and dynamic quenching. Dynamic
quenching is obtained from the collision between the
fluorophore and quencher, while static quenching is caused by
the formation of a ground-state complex between the
fluorophore and quencher (Yamasaki et al., 1996;
Krishnakumar and Panda, 2002).
Fluorescence quenching is explained by the Stern–Volmer
equation:

F0/F = 1+ qk 0
[Q] = 1 + svK

[Q] (1)

qk
= svK

/ 0
(2)

Where 0F
and F are the fluorescence intensities before and

after the addition of the quencher, respectively. qk
, svK

, 0
and [Q] are the quenching rate constant of the biomolecule, the
Stern–Volmer dynamic quenching constant, average life-time

of the biomolecule without quencher ( 0
= 10-8 s) and the

concentration of the quencher, respectively (Ferrarini et al.,

2010). The Stern–Volmer quenching constants svK
and the

correlation coefficient of each curve were calculated from the
slope of the regression curves.

The values of qk
were much higher than 2.0 x 1010 M-1s-1.

This indicated that complex formation, rather than static
collision, was the most likely cause of the quenching
mechanism of HSA–drugs interaction. In other words, the
fluorescence quenching of HSA is mainly due to complex
formation, whereas the effect of dynamic collision may be
insignificant (Seedher and Bhatia, 2006).

Fluorescence quenching of HSA is excited at 280 nm in the
presence of PR and RA in binary and ternary systems (Table
1). Obviously, in all cases (in binary and ternary systems), the
static quenching was observed.

We estimated the number of bound drugs to HSA from
fluorescence results using the plot of log (F0 -F)/ F against log
(drug concentrations) as follows:

Log (F0 – F/ F) = log K a + n log [Q] (7)

Where F0 and F are the fluorescence intensities before and
after the addition of the quencher, respectively; Ka is the
binding constant, n is the number of the binding sites per HSA,
and [Q] is the concentration of the quencher. The binding

constants K a and binding sites n can be calculated using the
slope of the static quenching equation (log (F0 - F)/F  log
[Q]) curves (Trynda-Lemiesz, 2004).

The binding constants and the mean number of drug molecules
bound to protein in the binding site for binary and ternary
systems at excitation wavelength 280 nm are shown in Table 2.
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Table 1 show that at 280nm the HSA-PR bound is stronger
than that of HSA-RA. Furthermore, when RA was introduced
into the HSA-PR system, the values for n at 280 nm were
lower than those for the binary HSA-RA system, since the
binding constant of HSA-RA is lower in the presence of PR.
This indicates that with the introduction of PR, RA was either
displaced from the complex or binds less readily to HSA; in
other words, the formation of HAS-RA was altered. Likewise,
when PR was added to the HSA-RA complex, the values for n
at 280 nm were lower than those of the binary HSA-PR
system. It seemed that, as with PR for the HSA-RA complex,
in the presence of RA the binding constant of HSA-PR
decreased, meaning that PR either displaced RA from the
complex or made it more difficult for the HSA-PR complex to
form.

Characteristics of synchronous fluorescence spectra

The simultaneous scanning of the excitation and emission
monochromators was performed in order to obtain
synchronous fluorescence spectra. Synchronous fluorescence
spectroscopy provides data regarding the molecular
environment in the region near the fluorophore molecules.
There are several advantages, such as sensitivity, spectral
simplification, spectral band width reduction, and the
avoidance of different perturbing.

With the Δλ=60 nm and Δλ=15 nm, the synchronous
fluorescence of HSA is specific for tryptophan and tyrosine
residues, respectively (Yamasaki et al., 1996; Daojin et al.,
2007).

The synchronous fluorescence spectra of HSA with different
amounts of RA and PR were recorded at 60 nm in binary and
ternary systems (Figure 3). In all Figures, the fluorescence
intensity of HSA quenched when drugs were added and the
maximum emission wavelength of the tryptophan residues
which was blue shifted with increasing concentrations of
drugs, indicating a reduction in the polarity surrounding the
tryptophan residues and an increase in the hydrophobicity
which is according to the results of the fluorescence
quenching.

According to interaction of HSA with RA and PR in binary
and ternary systems (with Δλ=15 nm), we observed that the
fluorescence intensity of HSA in the presence of drugs
quenched and the emission wavelength maximum of the
tyrosine residues was blue shifted with increasing
concentrations of drugs, meaning that the polarity around the
tyrosine residues was decreased and the hydrophobicity was
increased, which is in accordance with the results of the
fluorescence quenching. A record of the synchronous
fluorescence spectra of HSA with different amounts of RA and
PR was made at 15 nm in binary systems (figure 4).

Resonance Light Scattering (RLS)

The RLS technique is used to assess the bio-macromolecules,
such as DNA and proteins. There is a growing interest in the
application of RLS for the assessment of biomacromolecules,
metal ions, etc. Furthermore, due to its simple technique
properties, high sensitivity and rapidity, it is increasingly being
used for the identification of proteins. The determination of
proteins using the RLS technique is primarily the result of the
enhancement of RLS intensity, which is believed to be

attributed to the new complex formation between RLS probes
and proteins (Fei et al., 2009; Sarzehi and Chamani, 2010).
The other likely explanation for the RLS enhancement is an
effect of polarizability on the scattering intensity. The formula
introduced by Stanton for light scattering (Carter and Ho,
1994) is written as follows:

I = (16
4 N

I0 / λ4r2) |  |2 (8)

Where N
is the number density of the molecules, I0 is the

intensity of the incident light, λ is the incident wavelength, r is
the distance from the molecule to the observer and  is the
molecular polarizability (composed of a real part and an
imaginary part). It can be observed that the scattering intensity
is directly proportional to the polarizability. A large increase in
polarizability is therefore one of the signficant factors for the
enhancement of RLS and the formation of complexes. The
RLS technique can provide insight into the process responsible
for the formation of a complex. It was evident that when RA
and PR were added to HSA, the RLS intensity increased in
binary and ternary systems. According to earlier reports
(Neault and Tajmir-Riahi, 1998; Faridbod et al., 2011), it
seems that the intensity of enhanced light scattering signal
depends on the electric characteristics of the individual
chromophores and the size of the aggregate. In addition, the
interaction between molecules in the large association also
consists of intermolecular forces, such as hydrogen bond,
hydrophobic interaction and Vander Waal force, which cause
the association to become more compact and the interaction to
be strong (Figure 5).

CONCLUSION
The results showed that PR reduces binding of RA with HSA
and the adverse. These interactions affect the efficacy of two
medicines when they are administered simultaneously, so in
this situation the appropriate doses should be defined.
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