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Protein Binding Study of S-Ibuprofen Using High-Performance Frontal Analysis
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High-performance frontal analysis (HPFA) was used for the determination of the binding constant of S- 
ibuprofen to human serum albumin (HSA). This experiment was based on an Inertsil 100 Diol 5 column and 
sodium phosphate buffer (pH 7.4 and ionic strength of 0.17) as the mobile phase. The mixture of S-ibuprofen 
and HSA (70 #M) solution were directly injected into the HPFA column. An injection volume of 200 pL and 
a “restricted injection” method were applied to ensure the drug to be eluted as a zonal peak with a plateau. The 
unbound drug concentration was calculated from the peak height of the zonal peak. Scatchard analysis was used 
for evaluation of the binding constant (K) and binding affinity (nK) of S-ibuprofen to HSA, and the results were 
K = 2.833 x 104 [L mol-1], nK = 4.935 乂 104 [L mol-1], respectively.
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Introduction

The drugs in plasma can cause a reversible and kinetically 
rapid protein binding process, but their binding characters 
are different in binding with plasma protein such as albumin, 
a1-acid glycoprotein (AGP) and lipoproteins.1-3 As the most 
abundant plasma protein, human serum albumin contributes 
significantly to many transport and regulatory processes. 
The protein binds a wide variety of substrates like metals, 
fatty acids, amino acids, hormones, and an impressive 
spectrum of therapeutic drugs. Because of its clinical and 
pharmaceutical importance, the interaction between serum 
albumin and a variety of ligands has been studied exten- 
sively.4-8 The drugs are more or less bound to plasma 
protein, and concentration of bound and unbound drugs are 
in an equilibrium state. Only the unbound drugs can reach 
the active site and exhibit pharmacological activity. There
fore, determination of the concentration of unbound drug in 
the plasma is very important for pharmacokinetic and 
pharmacodynamic studies. 1-3

Several methods have been developed for determining the 
concentration of unbound drug, such as equilibrium dialysis, 
ultrafiltration, ultracentrifugation, gel filtration and micro- 
dialysis.9 Equilibrium dialysis and ultrafiltration method 
have been commonly used because of their relatively simple 
procedure and device needed. However, these methods have 
potential problems such as the adsorption of drug onto 
membranes and the leakage of bound drug through 
membranes. In addition, the equilibrium between bound and 
unbound drug might shift during the experiment due to a 
volume shift.10 Binding analysis using a separation system 
such as HPLC and capillary electrophoresis has the potential 
to avoid these problems, and several analytical modes have 
been proposed.11,12 Recently, high-performance frontal anal
ysis (HPFA) had been developed and demonstrated as an 
alternate chromatographic method suitable for the analysis 
of strong binding properties of protein because the bound 

drug is transformed into unbound form in the column, which 
improves the measurement of low levels of unbound drug.10 
It can be free from the protein leakage and drug absorption 
existed in the conventional ultrafiltration and dialysis 
method for its gel filtration mechanism.

In case of racemic drug, the binding affinity may be 
different between the enantiomers, which may cause the 
difference in their pharmacokinetic properties.13,14 The 
enantiomer-enantiomer interaction may also affect the bind
ing equilibrium of both enantiomers. Therefore, quantitative 
and enantioselective binding study of the enantiomers to 
proteins is important for developing a stereoselective drug 
and its safe and rational use.15

The ibuprofen (rac-1) is an arylpropionic acid related to 
the class of non-steroidal, anti-inflammatory drugs.16 It was 
shown that only the (S)-enantiomer is responsible for the 
desired therapeutic effects,17 while the (R)-ibuprofen dis
plays toxicity due to its storage in fatty tissue as a glycerol 
ester, whose long-term effects are not known;18 despite this 
fact, the ibuprofen is currently administered as racemate. 
The binding study of S-ibuprofen to HSA was applied with 
other method.19, 20 In this paper, the HPFA method was used 
for the binding assay of S-ibuprofen to HSA.

We performed experiments with low concentration of 
HSA. This result could produce important information for 
the clinical use of this drug.

Experiment지 Section

Materi지s. S-Ibuprofen, Human Serum Albumin (HSA, 
essentially fatty acid and globulin free), sodium phosphate 
monobasic dihydrate (NaH2PO4,2H2。)and sodium phos
phate dibasic heptahydrate (Na?HPO4•가bO) were purchased 
from Sigma (St. Louis, MO, USA). The diol-silica column 
(Inertsil 100 Diol 5, 100 x 4.6 mm) was purchased from GL 
Sciences Inc. (Japan). Water was twice distilled and filtered 
by using decompressing pump (Division of Millipore,
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Figure 1. Chemical structure of S-ibuprofen.

Waters) and filter (FH-0.45 pm).
Instruments. The instruments used in this study were as 

follows: M930 solvent delivery pump (Young Lin Co.), UV 
detector (M 720 Absorbance Detector, Young-In Scientific 
Co.), column oven (CTS30 HPLC Column Oven, Young Lin 
Co.), a Rheodyne injection valve with a 1 mL sample loop, 
and integrated data system (Autochrowin. Ver. 1.42, Young 
Lin Co.).

Preparation of Sample Solutions. First, sodium phos
phate monobasic dihydrate (NaHzPOq^HzO) and sodium 
phosphate dibasic heptahydrate (Na2HPO4,7H2。)were 
dissolved in water to make solutions of 0.2 M, respectively. 
Then the two solutions were mixed together (19% 
NaH2PO4・2H2O and 81% Na2HPO4・7H2。). By this way, 
phosphate solution of pH 7.4, ionic strength 0.17 was made 
and it was used as the mobile phase in HPFA analysis. S- 
Ibuprofen (120 pM) and HSA solution (140 pM) was 
prepared by dissolving the samples into phosphate solution. 
Sample solutions were kept at 37 oC in a column oven for 3 
h before being injected into the HPFA column.

Results and Discussions

Determining the Injection Volume. After incubation at 
37 oC for 3 h, The S-ibuprofen-HSA mixed solution was 
directly injected into the HPFA column. According to the 
principle of HPFA, the drug should be eluted as a zonal peak 
with a plateau after the non-retained HSA. Hence a restricted 
injection method called as “injection-re-switching tech
nique^ was used. The procedure was as follows: the 
injection loop was loaded with a certain volume (it must be
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Figure 2. The effect of injection volumes on the elution profiles of 
60 pM S-ibuprofen and 70 pM HSA mixed solution. Mobile phase: 
sodium phosphate buffer (pH = 7.4, I = 0.17). Flow rate, 1 mL/min. 
UV wavelength 220 nm. Temp. 37 oC.
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Figure 3. Chromatograms of S-ibuprofen with different concen
trations in 70 pM HSA by HPFA.

larger than actual injection volume) of the sample solution 
and connected with mobile phase for a certain period. Then 
the injector valve was re-switched, which resulted in a 
sample injection of desired volume, then the loop was 
detached from mobile phase flow. By this injection re
switching technique, the diffused portion of the sample in 
the injection loop was not introduced into column and the 
injection could be regarded as an ideal rectangular. Figure 2 
shows the elution profiles of 70 pM HSA and 60 pM S- 
ibuprofen mixed solution with different injection volume. It 
can be seen when injection volume was in the range from 50 
pL to 150 pL, S-ibuprofen was eluted as a normal gaussian 
peak. Injections above 200 pL result in trapezoidal peak 
with a plateau region. The height of the plateau region 
corresponds to the unbound drug concentration in the 
sample solution. Based on this result, the injection volume of 
this analysis was fixed at 200 pL for further experiment.

Determination of Unbound S-Ibuprofen by HPFA/ 
HPLC system. Different concentrations of S-ibuprofen 
changing from 25 pM to 60 pM with the HSA concentration 
maintained at 70 pM were injected to the HPFA system. 
From the heights of the peak plateaus, the unbound drugs 
could be determined (see Fig. 3). For quantitative determi
nations, calibration was carried out under the same condition 
as that in HPFA. Standard S-ibuprofen samples in the 
absence of HSA were directly injected into the column with 
the injection volume of 200 pL. By plotting of peak height 
vs concentrations, the regression equation of the calibration

Table 1. Determination of unbound drugs of S-ibuprofen by HPFA

*Concentration of HSA was fixed to 70 pM

Total Concentration
[pM]

Unbound drug 
[pM]

Bound drug 
[pM]

25 6.319 18.681
30 7.877 22.123
40 11.076 28.924
50 14.471 35.529
55 16.456 38.544
60 18.199 41.800
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Figure 4. The Scatchard plot for S-ibuprofen-HSA binding. The 
correlation coefficient of the line was 0.9956.

protein binding study of S-ibuprofen to human serum 
albumin. This method is simple and precise and can be used 
for the quantitative binding determination of the S-ibuprofen 
and HSA mixed solution. In this paper, the binding study of 
S-ibuprofen to HSA using HPFA method has been applied. 
From the peak height of the zonal peak, the unbound drug 
concentration was calculated. By Scatchard analysis, the 
binding constant (K) and binding affinity (nK) of S- 
ibuprofen were 2.833 '乂 104 [L mol-1] and 4.935 x 104 
[L mol-1], respectively. This work may provide useful infor
mation for clinical application of this drug.
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bound drug per mole of HSA protein, the unbound drug 
concentration, the binding constant, and the number of 
binding sites on one HSA molecule, respectively.
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correlation coefficient (r2) of the line was 0.9956, which 
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Conclusions

A HPFA method has been successfully applied for the
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