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Abstract

The19F NMR spectrum of triflupromazine hydrochloride (TFZ) in a buffer solution (pH 6.8) showed a single sharp signal of the TFZ CF3

group at 13.5 ppm from the external trifluoroacetic acid. The addition of 1 mM HSA or BSA to the sample solution caused a split of the
C position.
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F3 signal into two broadened signals shifted to slightly lower (0.2 ppm) and higher (0.7 ppm) fields, respectively, from the original
enaturation of the albumins by guanidine hydrochloride (3 M) restored the two broadened signals to a slightly broadened sin

ndicating that TFZ has at least two binding sites on HSA and BSA, respectively. From the competitive binding19F NMR experiments usin
arfarin (Site-I ligand),l-tryptophan (Site-II ligand), NaCl, and oleate, the signal at high field was assigned to the TFZ bound to
omparison of the signal intensity revealed that the affinity of TFZ for Site II on HSA was considerably higher than that on BSA. The
ignal could be identified as a weight-averaged signal between nonspecifically bound TFZ to HSA (BSA) and free TFZ in the wate
he presence of physiological concentrations of NaCl, major binding of TFZ to HSA and BSA was considered to be nonspecific. T
ork indicates that19F NMR is very useful for obtaining important detailed information regarding the binding of fluorinated drugs to
lbumins.
2004 Elsevier B.V. All rights reserved.
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. Introduction

The binding of drugs to serum albumins has been in-
ensively investigated because of its pharmacokinetic and
harmacological significance[1,2]. However, little has been
nown about the albumin binding of phenothiazine drugs,
hich are widely prescribed psychotropic drugs in medical
ractice[1]. In the present study, we investigated the binding
f triflupromazine (TFZ), a widely used phenothiazine drug,

o bovine (BSA) and human (HSA) serum albumins by19F
uclear magnetic resonance (NMR) spectroscopy, as TFZ has
trifluoromethyl group (CF3).

∗ Corresponding author. Tel.: +81 75 595 4659; fax: +81 75 595 4760.
E-mail address:kitamura@mb.kyoto-phu.ac.jp (K. Kitamura).

19F NMR spectroscopy has been used successful
investigate macromolecule-19F-labeled ligand interaction
[3–5]. Its usefulness is due first to the natural abund
of the 19F nucleus being 100% and its relative sensiti
to protons being approximately 83%. Second, the19F NMR
chemical shift has an approximate range of 250 ppm, w
is far larger than the1H NMR chemical shift; as such,19F
NMR signals are much more sensitive to the changes in c
ical environment than1H signals. Third, as the19F nucleus
is absent in natural biological substances, it is easily
servable without any interfering signals, even at low lig
concentrations.

There are many drugs that have fluorine(s) in their s
tures, e.g., some psychotropic drugs, some synthetic ste
hormones, and new quinolone drugs, and they are widely
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clinically because the introduction of fluorine atom(s) into
the drugs improves their pharmaceutical activities or induces
new pharmaceutical activities. Our study results indicate that
19F NMR spectroscopy will be widely applicable to obtain-
ing detailed information regarding the binding interactions
of fluorinated drugs with serum albumins.

2. Experimental

2.1. Chemicals and reagents

BSA (essentially fatty acid free), HSA (essentially fatty
acid and globulin free), TFZ hydrochloride, Warfarin sodium
salt (War),l-tryptophan (l-Try), and oleic acid sodium salt
(OA) were purchased from Sigma. Sodium chloride (NaCl)
and guanidine hydrochloride (GU) of analytical grade were
purchased from Merck and Kanto Chemical Co., respectively.
All reagents were used without further purification.

2.2. Preparation of albumin solutions

Stock solutions of BSA and HSA were prepared in potas-
sium phosphate buffer (0.05 M, pH 6.8), and exact albumin
concentrations were determined by UV absorption using by
t
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mixing the OA and albumin solutions as described above
can give an OA-bound albumin (6:1 molar ratio) solution.
Approximately 1 mL of the sample solution was then trans-
ferred in a 5-mm NMR tube, and a glass capillary containing
trifluoroacetic acid (TFA) D2O solution was inserted into the
NMR tube. The CF3 signal of TFA in the capillary tube was
used as an external reference for chemical shift and relative
peak intensity, and D2O was used as a source of the lock sig-
nal. All 19F NMR spectra were measured on a Varian XL-300
operating at 282.203 MHz. Measurements were performed at
21± 2◦C. The number of FID accumulations to improve the
signal-to-noise ratio was 5000.

3. Results and discussion

3.1. 19F NMR spectra of TFZ bound to BSA and HSA

TFZ in a buffer solution showed a single sharp19F NMR
signal of its CF3 group at 13.5 ppm, as depicted inFig. 1(a).
Upon the addition of 1.0 mM BSA or HSA to the sample
solution, the CF3 signal changed to two broadened signals
shifted to high and low fields, 12.8 and 13.7 ppm, respectively,
as illustrated inFig. 1(b) or (c), indicating that both BSA and
HSA have at least two binding sites for TFZ. In bothFig. 1(b)
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heir absorptivity at 279 nm[1], respectively.

.3. 19F NMR experiments

To a 2-mL volumetric flask, 40�L of TFZ aqueous stoc
olution (50 mM) and a suitable aliquot of albumin solut
o give a final albumin concentration of 1.0 mM were add
nd then buffer was added to volume. In competitive b

ng experiments, before buffer was finally added to volu
n the above procedure, each 200�L of War, l-Try, NaCl,
nd OA aqueous stock solution (10 mM, 10 nM, 1.5 M,
0 mM, respectively) was added to the flask, and then b
as added to the intended volume, so that the final comp

igand concentrations became 1.0 mM, 1.0 mM, 0.15 M,
.0 mM, respectively. It has previously been shown[6] that

ig. 1. 19F NMR spectra of 1.0 mM TFZ in buffer: (a) without serum al
in, (b) with 1.0 mM BSA, (c) with 1.0 mM HSA.
nd (c), no signal can be seen at 13.5 ppm where the3
ignal of TFZ in buffer solution is located (Fig. 1(a)); the
xchange rates of TFZ between the bound and unboun
tates in BSA or HSA solution can therefore be consid
o be fast enough in the19F NMR (282 MHz) time scale
he appearance of two separate signals (12.8 and 13.7

ndicates that the rate of direct exchange between the
ound states is a slow process in the19F NMR (282 MHz)

ime scale for both BSA and HSA.
A comparison ofFig. 1(b) and (c) reveals that there is

arge difference in the signal intensity ratio of high-field
ow-field signals between BSA and HSA, i.e., the rati
pproximately 3:7 for BSA and 6:4 for HSA, respectively

isted inTable 1. This result indicates that the binding affin
f TFZ for each site is different between BSA and HSA.

When 3 M GU, a typical protein denaturant, was adde
ach of the sample solutions ofFig. 1(b) and (c), respectivel

he observed high- and low-field signals of each sample
ion reverted to the slightly broadened original single sig
s shown inFig. 2(a) and (b), respectively. The reverted sig

able 1
ffects of competing ligands on the relative intensity of low- and high-

9F NMR signals of TFZ interacting with BSA and HSA

ompeting ligand BSA HSA
Low-field High-field Low-field High-field

on 0.675 0.325 0.406 0.594
ar 0.682 0.318 0.436 0.564

-Try 0.888 0.112 0.756 0.244
aCl 0.831 0.169 0.780 0.220
A 0.914 0.086 0.840 0.160
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Fig. 2. 19F NMR spectra of 1.0 mM TFZ in buffer with (a) 1.0 mM BSA and
(b) 1.0 mM HSA; after addition of 3 M GU.

showed a small downfield shift of 0.3 ppm from the original
position of 13.5 ppm. This shift can be considered to be de-
rived from the change in susceptibility of the sample solution
due to the addition of 3 M GU, since the addition of 3 M
GU to a TFZ buffer solution without albumins also caused
a 0.3 ppm downfield shift of the CF3 signal. The results of
the GU denaturation experiment indicate that when the albu-
mins were denatured and lost their folded states, the bound
TFZ was liberated into the aqueous phase and retained its
unbound state to show a sharp signal. These results confirm
that the binding is reversible and that the appearance of two
CF3 signals, as seen inFig. 1(b) and (c), respectively, is not
caused by decomposition of TFZ.

3.2. Competitive binding

The19F NMR spectra of the competitive binding experi-
ments are shown inFigs. 3 and 4for BSA and HSA, respec-
tively, and the relative intensity of each signal is summarized
in Table 1.

At first, addition of a typical Site I (domain IIA) binding
ligand[7–9] War (1.0 mM) to the 1.0 mM TFZ sample solu-
tions containing 1.0 mM BSA (Fig. 3(a)) or HSA (Fig. 4(a))
was examined. The results shown in Figs. 3(b) and 4(b), re-
spectively, and listed inTable 1reveal that War caused little
c can
t I of
B

b
r Figs.

Fig. 3. 19F NMR spectra of 1.0 mM TFZ with 1.0 mM BSA in the presence
of several competing ligands: (a) without any competing ligands, (b) with
1.0 mM War, (c) with 1.0 mMl-Try, (d) with 0.15 M NaCl, (e) with 6.0 mM
OA.

Fig. 4. 19F NMR spectra of 1.0 mM TFZ with 1.0 mM HSA in the presence
of several competing ligands: (a) without any competing ligands, (b) with
1.0 mM War, (c) with 1.0 mMl-Try, (d) with 0.15 M NaCl, (e) with 6.0 mM
OA.
hange to either of the high- and low-field signals. It
herefore be considered that TFZ does not bind to Site
SA and HSA.
On the other hand, the addition of 1.0 mMl-Try, which has

een known to bind to Site II (domain IIIA)[10–12], strongly
educed the intensity of the high-field signal, as seen in
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3(c) and 4(c), respectively. Therefore, the high-field signals
in Figs. 3(a) and 4(a) could be considered to be derived from
TFZ bound to Site II in BSA and HSA, respectively. The
decrease in the intensity of each high-field signal resulted in
an increase in the intensity of each low-field signal, as seen
in Figs. 3(c) and 4(c) (Table 1) without the appearance of the
unbound free TFZ signal. It can therefore be concluded that
TFZ liberated from Site II by the binding ofl-Try binds to
the other site, which induces a low-field shift to bound TFZ.

The addition of 0.15 M NaCl induced a signal change sim-
ilar to that withl-Try, as shown in Figs. 3(d) and 4(d), respec-
tively, and inTable 1. However, the lower-field signal slightly
shifted to higher field, and this may be considered to be de-
rived from the change in susceptibility of the sample solutions
due to the 0.15 M NaCl. The chloride ion, Cl−, has been re-
ported to bind HSA at 7–8 molecules per HSA molecule and
competes with tryptophan[13–15]at Site II (domain IIIA) on
HSA [1,2]. Therefore, the addition of 0.15 M NaCl showed
similar results in Figs. 3(d) and 4(d), respectively, asl-Try in
Figs. 3(c) and 4(c), respectively, confirming that TFZ binds to
Site II. This result is very important; since the physiological
concentration of Cl− in blood is approximately 0.1 M, though
TFZ binds to Site II of BSA and HSA in phosphate buffer
solutions, the amount of TFZ bound to Site II under physio-
logical condition is likely very small and TFZ binds mostly
t FZ,
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ing mode for TFZ binding to BSA. As for BSA, as shown
in Fig. 1(b) andTable 1, the intensity of the high-field signal
corresponding to TFZ bound to Site II is one-third that of
the low-field signal; therefore in the Scatchard analysis the
low field-signal might primarily be reflected. Along with the
results of the above oleate binding experiments, it can be sug-
gested that the low-field signal is a weight-averaged signal of
nonspecifically bound TFZ to BSA or HSA, and free TFZ in
the water phase.

In conclusion, the results of the present work suggest that
TFZ binds to Site II and exhibits nonspecific binding on BSA
and HSA. In addition, the affinity of TFZ for Site II on HSA
appears to be much higher than that on BSA. In the presence
of physiological concentrations of NaCl, major binding of
TFZ to HSA and BSA is nonspecific. Our results also confirm
that19F NMR is very useful for investigating the interactions
between serum albumin and drugs containing19F nuclei.
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