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The interactions between a set of drugs, selected on the basis of reported human serum albumin
(HSA) binding levels, and immobilized HSA were investigated using surface plasmon resonance
technology. Major HSA binding sites were available after immobilization. The intensity of the
signal obtained from the interaction of the drug with the HSA surface was correlated with the
reported HSA binding level. Drugs were classified into groups corresponding to high, medium,
or low HSA binding based on the injection of the drug at 80 µM concentration. A set of 10
drugs binding to R1-acid glycoprotein (AGP) was also investigated and correlated with reported
AGP binding data. The throughput of the presented assay is 100 compounds/24 h, and the
sample consumption is less than 100 µL (8 nmol).

Introduction

Many compounds bind reversibly to human serum
albumin (HSA), R1-acid glycoprotein (AGP), and other
serum components. The affinity of a drug toward plasma
proteins is an important issue when determining its
overall pharmacokinetic profile. A high level of protein
binding reduces the free concentration and therefore the
physiological activity of the drug. Circulating protein-
drug complexes also serve to replenish the free drug
concentration, as free drug is removed from the body
by various elimination processes, and thereby prolong
the duration of drug action. Thus, the level of protein
binding is an important factor in the delicate balance
between intended physiological activity and potential
side effects of the drug.

Ideally the free concentration of each drug candidate
should be estimated in the blood from the patient for
which the drug is intended. Early estimates of the
protein binding level, as well as of other ADME param-
eters, are now becoming more important in the drug
discovery process. Therefore simplified approaches for
the determination of protein binding are being consid-
ered. A wide variety of methods and experimental
conditions are used for this purpose. Methods include
equilibrium dialysis, ultrafiltration, ultracentrifugation,
spectroscopic methods, affinity and size exclusion chro-
matography, and electrophoretic methods as reviewed
by Oravcová1 and Hage.2 These methods rely either on
a separation of bound and free drug or protein or on a
change in intrinsic parameters such as the mobility of
protein or the spectroscopic properties of a drug-protein
complex. To simplify the studies of drug protein interac-
tions it is also common to use single proteins, HSA and/
or R1-acid glycoprotein, instead of blood or plasma. This
approach is particularly useful when many compounds
have to be screened for protein binding. Furthermore

it has also been demonstrated that the use of im-
mobilized HSA in high-performance liquid chromatog-
raphy (HPLC) correctly reflects the binding of drugs to
free HSA.3,4

These results encouraged us to investigate the use of
biosensor technology for affinity analysis and for rank-
ing of the binding of drug compounds to surface im-
mobilized HSA. The main advantages of biosensor
technology (here a surface plasmon resonance, SPR,
sensor) are that binding is monitored directly without
the use of labels, sample consumption is low, and the
analysis is rapid and automated.5,6 In this paper we
present a new method, based on the injection of com-
pounds at a single concentration, for classifying com-
pounds as high, intermediate, or low HSA binders by
comparing their binding levels to that of selected
reference compounds.

Materials and Methods

Instrumentation. BIACORE 3000 from Biacore AB, Upp-
sala, Sweden, was used, Figure 1. Interaction analysis was
performed at 25 °C.

Buffers. 67 mM isotonic phosphate buffer with 5% dimethyl
sulfoxide (DMSO) pH 7.4 (9.6 g Na2HPO4‚2H2O, 1.7 g KH2-
PO4, 4.1 g NaCl to 1 L) was used as running buffer during the
assay.

Immobilization of HSA. Sensor chip CM5 was used for
analysis. The sensor chip consists of a carboxymethyl-modified
dextran polymer linked to a gold-covered glass support.7 HSA
(Sigma; essentially fatty acid and globulin free, A 3782) at 1
mg/mL was diluted to 15 µg/mL in 10 mM sodium acetate,
pH 5.2 and immobilized to the sensor chip, using amine
coupling.7 Running buffer without DMSO was used during
immobilization. The surface was activated by injecting a
solution containing 0.2 M N-ethyl-N′-dimethylaminopropyl-
carbodiimide (EDC) and 50 mM N-hydroxysuccinimide (NHS)
for 7 min. HSA was injected during 7 min and the surface was
then blocked by injecting 1 M ehanolamine at pH 8.5 for 7
min. 50 mM NaOH was injected in three 30-s pulses to wash
off noncovalently bound HSA and to stabilize the baseline.
Final immobilization levels were between 9500 and 11000 RU
(Resonance Units). The immobilization procedure was followed

* To whom correspondence should be addressed. Phone: 46-18-67
57 50. Fax: 46-18-15 01 13. E-mail: asa.frostellkarlsson@biacore.com.

1986 J. Med. Chem. 2000, 43, 1986-1992

10.1021/jm991174y CCC: $19.00 © 2000 American Chemical Society
Published on Web 04/26/2000



by several washes with buffer to equilibrate the HSA surface
in the DMSO running buffer. Unmodified dextran was used
as a reference surface. To ensure highest sensitivity the SPR
detector response was normalized before running the assay,
by calibrating the detector at various light intensities under
conditions of total internal reflection (automized procedure).

Compounds. Naproxen, sulfadimethoxin, warfarin, digi-
toxin, diazepam, naproxen, pyrimethamine, coumarin, salicylic
acid, rifampicin, phenytoin, prednisone, quinine, salbutamol,
dipyridamole, timolol, acebutolol, atenolol, alprenolol, pindolol,
metoprolol and propranolol were from Sigma. Ketanserin was
from Fluka. Ritonavir was a gift from Björn Claeson, Medivir.
Delavirdine, tolterodine, 5-HM and tipranivir were gifts from
Pharmacia & Upjohn. Compounds were selected to: (a) cover
a wide affinity range toward HSA, (b) include binders to major
binding sites, (c) include different classes of compounds, (d)
show a range in molecular weight, and (e) if possible be
commercially available, see also Table 1. Compounds were
diluted from 20 mM DMSO stock solutions to their final
concentration in running buffer. Dilution was done in such a
way that the pH and the concentrations of both DMSO and
buffer substances in samples and running buffer were carefully
matched.

Calibration of DMSO Bulk Differences between Ref-
erence and HSA Flowcells. The SPR signal reflects changes
in refractive index (RI) at the sensor surface. RI changes as a

consequence of binding events close to the sensor surface and
are related to the increase of mass on the surface.24 An
additional signal is obtained if the injected sample has a RI
that differs from that of the running buffer. This signal is
referred to as a solvent effect. When the solvent effect is small
(in the order of 100 RU) it can normally be eliminated from
the total signal by subtraction of the signal from the reference
surface.25 However, the introduction of a high-RI solvent such
as DMSO can give rise to large shifts in RI during the injection,
and mere subtraction of the data from the reference flowcell
is no longer sufficient. To correct for these effects a DMSO
calibration procedure was adopted (Figure 2c). Buffer solutions
with varying concentrations of DMSO (4.5-6%) were injected
in sequence over reference and HSA surfaces. This was done
at the beginning and end of each experiment, using the same
flow rate as for the assay. The responses of the calibration
solutions, obtained from the reference surface, covered a range
no larger than -500 to +1000 RU relative to the baseline. A
DMSO calibration curve was created by plotting the difference
in response between HSA and reference flowcells versus the
response in the reference flowcell. This curve was used for
correcting response levels obtained during sample injection.

Assay Design. Compounds were injected over the reference
and HSA flowcell during 1 min at a flow rate of 30 µL/min.
Each cycle consisted of a 1-min waiting period for monitoring
of the baseline stability, a 1-min injection of compound, a 35-s
undisturbed dissociation phase, and a wash of the flow system,
except the sensor surface, with a 1:1 mixture of DMSO and
water. Compound responses in the reference flowcell were
within the range of the DMSO calibration curve; extrapolation
of the calibration curve was not used. An injection of running
buffer was made between each sample to check for carry over
effects. Eight DMSO calibration solutions were injected se-
quentially, each during 30 s, at the beginning and end of each
experiment.

Data Evaluation. Data obtained in the reference flowcell
was subtracted from that obtained in the HSA flowcell (Figure
2). Responses from injections of drug compounds and calibra-
tion solutions were extracted between report points set at 10
s before injection start and 10 s before the end of injection.
These responses were further corrected for DMSO effects by
use of the calibration curves (Figure 2c) and the final response
values were used in KD determinations and in ranking experi-
ments. To get an estimate of KD and response values at site
saturation (Rmax), measured response values (Req) obtained
with different concentrations (C) of the compound were fitted
to the equation:

This equation was derived previously for the general case of
an analyte binding to an immobilized partner26 and here
provides the affinity and the saturation response for a com-
pound that interacts with a single site of immobilized albumin.
To facilitate a comparison of responses obtained with com-
pounds of varying molecular weights Req/MW, i.e., the steady-
state response divided by the molecular weight of the com-
pound, was used in the fitting procedure instead of Req. By
using this ratio, the saturation level Rmax was considered
identical for all compounds that bind to a single site of albumin
and dose-response curves from several compounds were
therefore analyzed simultaneously with Rmax as a global
parameter, i.e., common to all compounds, and KD as a local
parameter, i.e., unique for each compound.

To compare KD calculated by this method with reported
levels of percent (%) bound the equilibrium equation was
used: [HSA][drug]/[HSA - drug complex] ) KD. A concentra-
tion of 0.68 mM of HSA in serum was assumed. With x as the
total concentration of compound and p as the part bound (0.68
- xp) × (x - xp)/xp ) KD. Following an input of p (p is equal
to % bound/100) KD values were calculated for total drug
concentrations ranging from 0.1 nM to 1 mM. Calculated KD

values were largely independent of the total drug concentra-
tion. Values for selected compounds are shown in Table 3. In

Figure 1. General principle for interaction analysis. A sensor
chip surface is placed in contact with the IFC (integrated
fluidic cartridge) and the detection unit. Continuous buffer
flows through the IFC and over the surface. Samples are
injected over the surface, using the autoinjector, and RI
changes are detected by the detection unit.

Table 1. Compounds, Molecular Weights, and Literature
References to HSA Binding Levels

compd
MW
(Da)

reported
binding

to HSA (%)

reported binding
classified as high,
medium, or low

lit. ref
of HSA
binding

tipranivir 603 99.9 H 8
naproxen 230 99.7 H 9
ritonavir 721 99 to plasma H 10
sulfadimethoxin 310 98.7 H 11
warfarin 308 98 H 12
delavirdine 457 96.7 H 13
digitoxin 765 96.6 H 14
ketanserin 395 93.2 M 15
pyrimethamine 249 86.5 M 16
diazepam 285 86.1 M 17
coumarin 146 83.9 M 12
salicylic acid 138 81.7 to plasma M 18
rifampicin 823 73.3 L 19
phenytoin 252 63.4 L 17
prednisone 358 53.7 L 20
tolterodine 325 42 L 21
quinine 325 34.6 L 22
5-HM 341 23 L 21
salbutamol 239 8 to plasma L 23

Req/MW ) CRmax/(C + KD) (1)
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ranking experiments responses obtained at 80 µM concentra-
tion were divided by the molecular weight of the compound to
allow comparison of binding levels.

Results
Sensorgrams and Calibration of Solvent Effects.

All compounds tested bound reversibly to immobilized
HSA. During injection a steady-state response was
reached within a few seconds. After the end of the
injection drug compounds dissociated very rapidly and
the signal returned to baseline almost immediately
(Figure 2a,b). Of the compounds investigated only
tipranivir remained bound to the HSA surface for more
than 2 min.

To reduce errors in reference subtraction, solvent
effects were compensated for by applying a DMSO
calibration procedure (Figure 2c). Solvent effects from
samples typically ranged from -100 to 500 RU leading
to correction factors of -20 to 10 RU. In previous studies
remaining solvent-related errors have been shown to be
low and between (3 RU when solvent effects were as
large as 2000 RU.27

Activity and Stability of Immobilized HSA. The
major drug binding sites on HSA remained accessible
after immobilization of HSA to the sensor surface via
its amine groups. This was demonstrated by the binding
of warfarin28 to site I (the warfarin site) and naproxen9

to site II (the benzodiazepine site) and by binding of
digitoxin29 to its site (Figure 3a-c). As expected satura-
tion levels were related to the molecular weight of the
compounds. Digitoxin with a MW of 765 Da, warfarin
with MW 308 Da, and naproxen with MW of 230 Da
approached saturation levels close to 70, 35, and 15 RU,
respectively. These values indicated that mainly single

sites were occupied at these concentrations with the
exception of ritonavir where the response indicated a
stoichiometry of more than one ritonavir molecule/HSA
molecule (Figure 3d).

Figure 2. (a) Injection of delavirdine over reference and HSA flowcell. A high response level was obtained since the DMSO
concentration of sample and assay buffer was not exactly matched in sample preparation. (b) Reference data subtracted from
HSA data. (c) A series of 8 calibration solutions (running buffer with different DMSO concentrations) were run at the beginning
and end of each experiment. The responses of the calibration solutions, obtained from the reference surface, covered a range from
-500 to +1000 RU relative to the baseline. A DMSO calibration curve was created by plotting difference in response between
HSA and reference flowcell (DMSO correction factor) versus response in reference flowcell. (d) Compound responses were corrected
for DMSO bulk differences via the calibration curves.

Figure 3. Dose-response curves of six compounds binding
to HSA. (a and b) Warfarin and naproxen display monophasic
binding curves obtained by fitting data to a steady-state model.
(c and d) Binding of digitoxin and ritonavir appears to be
biphasic. (e and f) Quinine and rifampicin give linear binding
curves. Curves in (c-f) were obtained by four-parameter fits
and do not represent KD fits.
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In ranking experiments warfarin was used as a
positive control of HSA activity. Warfarin was injected
early, in the middle, and late in each experiment.
Reference subtracted and calibrated responses of war-
farin from an experiment performed on the day of HSA
immobilization and from an experiment conducted 7
days later on the same HSA surface are presented in
Table 2. The warfarin response was stable, and on this
surface response levels ranged from 37.1 to 41.8 RU
with a standard deviation of 1.6 RU.

KD Determinations. Dose-response curves obtained
for warfarin, naproxen, digitoxin, ritonavir, quinine, and
rifampicin are shown in Figure 3. For warfarin and
naproxen binding appeared monophasic and approached
saturation levels at low concentrations. For ritonavir
and to some extent digitoxin response levels indicated
a biphasic interaction. Quinine and rifampicin gave
linear dose-response curves over a wide concentration
range, and it was not possible to estimate saturation
levels.

Given the dose-response curves in Figure 3, KD
analysis was problematic. To obtain an estimate of
affinity the analysis was simplified by assuming (1) that
HSA binding sites were equally available, (2) that only
high-affinity sites were populated at concentrations
below 40 µM, and (3) that response levels were normal-
ized by dividing the measured response (RU propor-
tional to g/m2) with the molecular weight (RU/MW
proportional to mol/m2). The KD data obtained (from eq
1) with these assumptions showed that compounds with
low and medium binding to HSA gave much higher KD
values than compounds with a high level of binding to
HSA and suggested a good correlation between reported
percent (%) bound and KD but with limited resolution
of compounds with binding levels above 97% bound
(Table 3).

Ranking of Binding Levels, Comparison of Bio-
sensor Data with Conventional Techniques. For
ranking of compounds we used a simpler approach by
measuring the degree of binding at a concentration high
enough to give a reasonable signal but low enough to
avoid misinterpretation of compounds binding to several
binding sites. The binding levels of 19 drugs with
molecular weights between 138 and 823 Da and with
reported HSA binding levels between 8% and 99.9%
were studied through duplicate injections of a single
concentration (80 µM) of each drug. Identical experi-
ments were run on the day of HSA immobilization and
1 week later on the same HSA surface. Figure 4 shows
the correlation between binding levels obtained on the

day of HSA immobilization and the reported degree of
HSA binding. To increase the resolution of the high-
affinity compounds, values were put on a logarithmic
scale and 2 - log (100 - % bound) was plotted as a
function of biosensor data.

In a screening situation it may be useful to include
compounds as markers for medium- and high-level
binders. The data set in Figure 4 can then be replotted
using only the biosensor data (Figure 5). Using diaze-
pam with a reported binding level of 86.1% and warfarin
with reported binding of 98% as marker compounds,
drugs could be divided into low-, medium-, and high-
level binders.

When tested on the same HSA surface 1 week later
the 19 compounds were all classified into the same
groups, except for salicylic acid which changed from
medium to low on the second analysis. The individual
rankings within the group of high-level binders were
the same as on the day of immobilization. Within the
medium and low group some compounds shifted places,
but only salicylic acid switched group from medium to
low.

Discussion

Early estimates of pharmacokinetic properties can be
used to complement data found on the interaction
between a compound and its pharmacological target.
The combined data can provide a broader understanding
of the functional aspects of the compounds, and this may
be useful for developing them into drug candidates. With

Table 2. Data from Two Ranking Experiments on the Same
Surface, the First on the Day of HSA Immobilization and the
Second 7 Days Later (warfarin (80 µM) was injected in
duplicate early, in the middle, and late in each assay to check
HSA binding activity)

response (RU)

warfarin day 1 warfarin day 7

early 37.1 38.4
38.2 28.8

middle 38.4 41.3
38.9 41.1

late 39.1 41.8
39.3 41.8

average: 38.5 40.5
standard deviation: 0.8 1.5

Table 3. Comparison of Literature Data of Percent (%) Bound
and Corresponding KD from the Equilibrium Expression, with
KD Obtained with Biosensor Analysis

from literature biosensor analysis

compd % bounda KD (µM)b KD (µM)

naproxen 99.7 2 26
ritonavir 99 7 21
warfarin 98 14 9
digitoxin 97.6 17 28
rifampicin 73.3 218 195
quinine 34.6 1290 556

a Literature references in Table 1. b Calculated from percent (%)
bound as described in data evaluation.

Figure 4. Biosensor data of compounds binding to HSA
correlated to data obtained with other techniques, references
in Table 1. (Literature data for each compound varies depend-
ing upon experimental conditions.)
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respect to protein binding it is of particular interest to
identify compounds that are highly bound to plasma
proteins. We have developed a screening method to rank
the binding of compounds to immobilized HSA, based
on biosensor technology.

The use of different methodologies and experimental
conditions for determination of HSA binding levels
varies considerably, and for some compounds used in
this study reported binding data was sometimes con-
flicting, making a fair correlation study difficult. Ex-
amples of variations in reported binding levels included
warfarin (98.0-99.6%),12,30 diazepam (86.1-98.2%),17,14

and salicylic acid (81.7-90.5%).18,14 For other com-
pounds only one literature value was found, but most
likely a similar variation would be found if these
compounds were assayed by several methodologies.
Despite this it was possible to correlate biosensor data
to HSA binding levels determined with other tech-
niques.

The concentration 80 µM was chosen for the ranking
experiments with the purpose of demonstrating ranking
of compounds over the entire affinity range. At this
concentration the responses obtained for compounds
with binding levels lower than 60% were still small, but
since many compounds may be of limited solubility and
since we wanted to reduce the influence of secondary
binding sites, higher concentrations were not used.
During preparation of this manuscript we have seen
indications that the concentration may be reduced to
10-40 µM, when focusing mainly on identification of
high-level binders. To discriminate between low-affinity
binders, an alternative approach with an inhibition
study with HSA in solution and the drug target im-
mobilized could be used.

By comparing dose-response curves and considering
experimental errors of a few RU, molecular weight-
adjusted Rmax values obtained with compounds binding
to different sites were similar. This led us to assume
that the binding sites were equally available. Dramati-

cally different site availability would have resulted in
erronous ranking of binding levels. By using warfarin
and diazepam as reference compounds, classification
into high-level (>95%) or low-level (<80%) binding was
facilitated. Inspection of Figure 5 demonstrates that of
the reported high-level binders sulfadimethoxin and
ritonavir were classified as medium-level binders and
digitoxin was on the border between the medium- and
high-level binders. The reported value of 99% bound for
ritonavir was obtained in plasma,10 and it has further
been reported31 that a 10-20-fold reduction in plasma
binding occurs on the addition of AGP, indicating a
significant part of the plasma binding is to AGP. It could
therefore be argued that in this respect only sulfa-
dimethoxine was an outlier. Our ranking of ketanserin
as a low-level binder is in conflict with the reported
value of 93.2%.15 Others have reported a lower binding,
90.6% to plasma,32 which suggests a lower level of
binding to HSA, but still the reason for the discrepancy
is unknown at this point.

Along with these results, the excellent repeatability
of the warfarin data and the stability of the HSA surface
make the biosensor method well-suited for use in the
prediction of protein binding levels. A particular ad-
vantage of the present method was that binding levels
obtained with a single injection of the compound could
be used for the correlation. One 96-well plate of com-
pounds can be assayed in 24 h. The method is practical,
it provides the necessary information, and complicated
analysis is avoided. Furthermore ranking experiments
can be complemented by competition studies in order
to determine site specificity. In such experiments com-
pounds with known site specificity are conjugated with
another molecule to increase its mass (and therefore the
signal). This marker is mixed with other compounds and
a competition for binding site is achieved.33

Our initial attempts to determine KD values from the
biosensor data showed that some information on the
number of binding sites on HSA could be obtained. To
calculate data for low-affinity binders when the concen-
tration was well below the KD concentration Req/MW
was used in the fitting procedure. Rmax was then used
as a global parameter to constrain the fit. This made
KD values more consistent than individual calculations
of Rmax values for each compound. But the analysis was
also complex due to difficulties in determining KD for
compounds with multiple binding sites. Despite the
complexity in affinity determination, the interpretation
of dose-response curves for high-affinity binders holds
considerable potential for obtaining stoichiometric in-
formation.

Since SPR technology measures RI it is natural that
future experiments include investigation of how differ-
ences in the RIs of compounds affect analysis. Some of
the halogens are known to have a high RI, and we have
noticed that compounds containing, for instance, bro-
mine may give higher response values than anticipated
from the molecular weight. Thus further studies along
this line may be used to fine-tune the HSA binding data.

The possibility of studying in similar manner interac-
tions with other plasma proteins such as AGP is obvious
and ongoing in our laboratory. The first results from
these studies are shown in Figure 6. Biosensor data
were correlated against published AGP binding levels

Figure 5. Ranking of binding levels of 19 compounds. The
same set of compounds was ranked on the same sensor surface,
in duplicate, on the day of HSA immobilization (shown) and
in duplicate 1 week later (not shown). Diazepam and warfarin
were used as marker compounds to group HSA binding levels
into low, medium, or high. Warfarin was injected early, in the
middle, and late in each assay as a control of the HSA binding
activity. L, M, and H represent the classification into low-,
medium-, or high-level binders based on reported literature
levels of percent (%) bound.
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of tolterodine,21 quinine,22 seven â-adrenoceptor blocking
drugs,34,35 and dipyridamole.36 A good correlation of
binding was obtained with the exception of quinine
which obtained a higher binding level compared to other
techniques. All experimental conditions were the same
as for the HSA correlation experiments, except the
immobilization chemistry of AGP (Figure 6). It is
therefore possible to immobilize HSA and AGP in two
different flowcells, inject compounds, and obtain binding
data to both proteins simultaneously.
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(7) Johnsson, B.; Löfås, S.; Lindquist, G. Immobilization of proteins
to a carboxymethyldextran modified gold surface for biospecific
interaction analysis in surface plasmon resonance sensors. Anal.
Biochem. 1991, 198, 268-277.

(8) F. Schwende, Pharmacia & Upjohn, Kalamazoo, MI, personal
communication.

(9) Cheruvallath, V.; Riley, C.; Narayanan, S.; Lindenbaum, S.;
Perrin, J. A Quantitative Circular Dichroic Investigation of the
Binding of the Enantiomers of Ibuprofen and Naproxen to
Human Serum Albumin. J. Pharm. Biomed. Anal. 1997, 15,
1719-1724.

(10) Vacca, J.; Condra, J. Clinically Effective HIV-1 Protease Inhibi-
tors. DDT 1997, 2, 261-272.

(11) Otagiri, M.; Nakamura, H.; Maruyama, T.; Imamura, Y.; Taka-
date, A. Characterization of Binding Sites for Sulfadimethoxine
and its Major Metabolite N4-Acetylsulfadimethoxine, on Human
and Rabbit Serum Albumin. Chem. Pharm. Bull. 1989, 37, 498-
501.

(12) Ferrer, J.; Leiton, M.; Zatón, A. The Binding of Benzopyranes
to Human Serum Albumin. A Structure-Affinity Study. J.
Protein Chem. 1998, 17, 115-119.

(13) Chaput, A.; D’Ambrosio, R.; Morse, G. In Vitro Protein-Binding
Characteristics of Delavirdine and its N-dealkylated Metabolite.
Antiviral Res. 1996, 32, 81-89.

(14) Viani, A.; Cappiello, M.; Pacifici, G. Binding of Diazepam,
Salicylic Acid and Digitoxin to Albumin Isolated from Fetal and
Adult Serum. Dev. Pharmacol. Ther. 1991, 17, 100-108.

(15) Meuldermans, W.; Van Houdt, J.; Mostmans, E.; Knaeps, F.;
Verluyten, W.; Heykants, J. Plasma Protein Binding of Ket-
anserin and its Distribution in Blood. Arzneim.-Forsch. 1988,
38, 794-800.

(16) Rudy, A.; Poynor, W. Binding of Pyrimethamine to Human
Plasma Proteins and Erythrocytes. Pharm. Res. 1990, 7, 1055-
1060.

(17) McNamara, P.; Blouin, R.; Brazzell, R. The Protein Binding of
Phenytoin, Propranolol, Diazepam and AL01576 (an Aldose
Reductase Inhibitor) in Human and Rat Diabetic Serum. Pharm.
Res. 1988, 5, 261-265.

(18) Gahramani, P.; Rowland-Yeo, K.; Yeo, W.; Jackson, P.; Ramsay,
L. Pharmacokinetics and Drug Disposition; Protein Binding of
Aspirin and Salicylate Measured by In Vivo Ultrafiltration. Clin.
Pharmacol. Ther. 1998, 63, 285-295.

(19) Lachau, S.; Rochas, M.; Tufenkji, A.; Martin, N.; Levillain, P.;
Houin, G. First-Derivative Spectroscopic Determination of Bind-
ing Characteristics of Rifampicin to Human Albumin and Serum.
J. Pharm. Sci. 1992, 81, 287-289.

(20) Ferry, J.; Wagner, J. The Nonlinear Pharmacokinetics of Pred-
nisone and Prednisolone. II. Plasma Protein Binding of Pred-
nisone and Prednisolone in Rabbit and Human Plasma. Bio-
pharm. Drug Dispos. 1987, 8, 261-272.

(21) Påhlman, I.; Gozzi, P. Serum Protein Binding of Tolterodine and
its Major Metabolites in Humans and Several Animal Species.
Biopharm. Drug Dispos. 1999, 20, 91-99.

(22) Wanwimolruk, S.; Denton, J. Plasma Protein Binding of Qui-
nine: Binding to Human Serum Albumin, Alpha 1-Acid Glyco-
protein and Plasma from Patients with Malaria. J. Pharm.
Pharmacol. 1992, 44, 806-811.

(23) Morgan, J.; Paul, J.; Richmond, B.; Wilson-Evered, E.; Ziccone,
S. Pharmacokinetics of Intravenous and Oral Salbutamol and
Its Sulphate Conjugate. Br. J. Clin. Pharmacol. 1986, 22, 587-
593.

(24) Stenberg, E.; Persson, B.; Roos, H.; Urbaniczky, C. Quantitative
Determination of Surface Concentration of Protein with Surface
Plasmon Resonance using Radiolabeled Proteins. J. Colloid
Interface Sci. 1991, 143, 513-526.

(25) Karlsson, R.; Ståhlberg, R. Surface Plasmon Resonance Detection
and Multi-Spot Sensing for Direct Monitoring of Interactions
Involving Low Molecular Weight Analytes and for Determination
of Low Affinities. Anal. Biochem. 1995, 228, 274-280.

(26) Karlsson, R.; Michaelsson, A.; Mattson, L. Kinetic Analysis of
Monoclonal Antibody-Antigen Interactions with a New Biosen-
sor Based Analytical System. J. Immunol. Methods 1991, 145,
229-240.

(27) Karlsson, R.; Kullman-Magnusson, M.; Hämäläinen, M.; Re-
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