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Abstract

A simple ’F NMR spectrometric method was proposed for the determination of the partition coefficients of
fluorinated psychotropic drugs, trifluoperazine (TFPZ), flunitrazepam (FNZ) and flurazepam (FZ) between
phosphatidylcholine (PC) bilayer of small unilamellar vesicles (SUVs) and water (buffer). Each '°’F NMR spectrum
of these drugs in the presence of PC SUV showed a single signal accompanying a PC concentration-depending shift
change and broadening, which indicated a fast exchange of these drugs between the water phase and the PC bilayer of
SUV. From the relationship between the '°F chemical shift change (Ad) of each drug and the PC concentration, the
molar partition coefficients (K’s) were calculated and obtained with a good precision of RSD below 6%. The fractions
of the partitioned drugs calculated by using the obtained K,-values were in a good agreement with the experimental
values. The results demonstrate that the '’F NMR method can be usefully applied to the determination of partition
coefficients of many drugs having fluorine atom(s) without any separation procedure, especially for drugs which do not
have absorption in the ultraviolet or visible region, or those having absorption but show insignificant spectral changes
according to their incorporation to PC bilayers (e.g. FNZ).
© 2002 Elsevier Science B.V. All rights reserved.

Keywords: 19F NMR; Partition coefficient; Liposome; Trifluoperazine; Flunitrazepam; Flurazepam

1. Introduction

It is becoming increasingly recognized that the
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traditional octanol/water system in the structure—
activity relationship studies of drugs [1-3]. Also,
the partition coefficients of drugs between phos-
pholipid bilayer vesicles and water are important
in the investigation of the drug interactions with
biomembranes [4—7].

Among the widely used modern drugs, there are
many important drugs which contain fluorine
atom(s). To determine the partition coefficients
of these drugs in the liposome/buffer systems, '°F
NMR spectrometry [8§—10] will be highly useful
since it has a large chemical shift range with high
sensitivity (90% of proton) and therefore it is easy
to measure the chemical shift changes induced by
the interaction with phospholipid bilayer mem-
branes. Furthermore, as '°F nucleus is not con-
tained in natural biological substances, '’F NMR
signals of the fluorinated drugs can be measured
without interference of the background signals.

In this paper, we attempted to develop a simple
F NMR spectrometric method to determine the
partition coefficients of fluorinated psychotropic
drugs, trifluoperazine (TFPZ), flurazepam (FZ)
and flunitrazepam (FNZ) for a phosphatidylcho-
line small unilamellar vesicle (PC SUYV)/buffer
system. The chemical structures of these drugs
are shown in Fig. 1.

2. Experimental

2.1. Calculation method

The molar partition coefficient of a drug be-
tween PC bilayer of SUV and water is defined as

[6]
_ (B/IBD/IL]
P (BW/IB:)/IW]

where [By] and [Bw] represent the concentrations
(the number of moles per liter of the sample
solution) of the drug incorporated in the PC
bilayer and the free drug in the water phase,
respectively, and [Bt] equals to the concentration
of the total amount of the drug added to the
sample solution ([Bt]=[Br]+[Bw]). [L] and [W]
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Fig. 1. The chemical structures of fluorinated psychotropic
drugs studied.

are molar concentrations of PC and water (55.4 M
at 21 °C), respectively.
Eq. (1) is equivalent to

_ Bu/IL] o
By /[IW]
where Bp and By represent the fractions of the
drug in the PC bilayer and water, respectively.
Since the magnetic environment of the drug
incorporated in PC bilayer is different from that of
free drug in water phase, the chemical shift of the
9F signal of the partitioned drug will be different
from that of the free drug in water phase. Then we
express the '’F chemical shift of the drug in the
lipid phase as J1 and that in the water phase as
Oow. If the exchange rate of the drug between lipid
and water phases is fast enough at the time scale of
YF NMR, the observed chemical shift (Jops) of the
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F signal can be expressed as
Oobs = BLOL + By Oy (3)

A new variable is introduced to represent the
difference between J,,s and Jdw as

Ao =0, — Oy =BL(0, —Iy) “)

As the value of (dp—Jw) is constant, Ao, the
chemical shift difference of the drug before and
after the addition of PC SUYV, is proportional to
the fraction of the drug in the PC bilayer, B;.
Thus, By can be shown as

Ao

BL=A5 ®)

max

where Ad . = 01— Ow.
Using Eq. (5) and Bw =1—B;, Eq. (2) can be
rewritten as follows:

(AS/Ab,) /L]

= ©)
(1 - (Aé/A5max))/[W]

which can be rearranged to
K A L

A(S . P 5max[ ] (7)

K L]+ [W]

The values of K, and Ad .« can be calculated from
the experimental values of Ad and [L] by applying
a nonlinear least-squares method (accompanying a
Taylor expansion) to Eq. (7) [6].

2.2. Reagents

Trifluoperazine (TFPZ) dihydrochloride, fluni-
trazepam (FNZ) and flurazepam (FZ) dihy-
drochloride were purchased from Sigma (St.
Louis, MO) and used without further purification
but good purity was confirmed by "H NMR, thin
layer chromatography (TLC) and melting point
measurements. Egg yolk L-a-phosphatidylcholine
(PC, purity > 99%, 20 mg/ml chloroform solution)
was obtained from Avanti Polar Lipids, Inc.
(Alabaster, AL) and its purity was confirmed by
TLC. Other chemicals were of analytical reagent
grade.

2.3. PC SUV preparation

An appropriate volume of the PC stock solution
was evaporated by using a rotary evaporator. The
chloroform residue was further removed by apply-
ing a high vacuum at room temperature for more
than 4 h. Thereafter, 5 ml of buffer was added and
vortexed to make a homogeneous PC suspension.
The buffer used was HEPES buffer (50 mM NaCl,
10 mM 4-(2-hydroxyethyl)-1-piperazineethanesul-
fonic acid, pH 7.4) or the same one but contains
10% D,0. The suspension was subsequently soni-
cated into SUV by an ultrasonicator UD-200
(Tomy Seiko Co. Ltd., Tokyo, Japan) at a power
level 5.0 under a gentle stream of nitrogen in an ice
bath. Net sonication time of 30 min was applied by
repeating 10 consecutive cycles of 3 min sonication
with 3 min interval. The sonicated suspension was
centrifuged for 20 min at 3500 rpm (2000 x g) to
eliminate sediment from the sonication tip. The
exact PC concentration in the sonicated suspen-
sions was calculated by phosphorus determination
[11]. The size distribution of PC SUV was con-
firmed by a submicron particle analyzer (Nicomp
Model 380, Santa Barbara, CA) as previously
reported [7].

2.4. "°F NMR experiments

To each of several 2 ml volumetric flasks
containing a suitable amount of FNZ or FZ or
TFPZ stock solution, a suitable aliquot of the PC
SUV suspension was added, and the buffer was
further added to volume. The final concentrations
of TFPZ, FNZ and FZ were 100, 100 and 200 uM,
respectively. After shaking each flask for a short
time, ca. 1 ml of the sample solution was trans-
ferred to a 5 mm diameter NMR tube. A coaxial
internal tube containing ca. 5 mM trifluorotoluene
in CHCl; (for TFPZ) or sodium 2-fluorobenzoate
(for FZ and FNZ) in D>O was carefully inserted to
the sample tube to provide a reference signal. The
sample tube was then capped tightly and sealed
with paraffin film. These reference compounds
were employed to ensure the precision in the
chemical shift measurement, since they have simi-
lar resonance frequencies to that of the drugs to
which they were adopted. The deuterium lock
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signal in the experiment of TFPZ was provided by
D,0O in the buffer (ca. 10%), and in the experi-
ments of FZ and FNZ by the D,O solvent in the
coaxial internal tube. '°F NMR  spectra were
measured by using a Varian ""“Inova spectro-
meter operating at 376.21 MHz without proton
decoupling. The probe temperature was 21 +2 °C.
The number of FID accumulations to improve the
signal-to-noise ratio was 2000—12 000.

2.5. UV absorption and second-derivative spectra

The UV sample solutions containing 100 uM
TFPZ or 200 uM FZ and various amounts of PC
SUV were prepared in a similar manner to the
NMR sample preparation. The reference solutions
were those prepared without the drug. The absorp-
tion spectra were measured by using a double-
beam spectrophotometer (HITACHI U-3210).
The spectrophotometer was controlled by a perso-
nal computer (NEC PC-9801) through an RS-
232C interface and the spectral data were stored in
the personal computer. The absorption spectra
were measured at 21 +£2 °C using 1 mm light-pass
length matched quartz cuvettes with a slit width of
2 nm and wavelength interval of 0.1 nm. The
second-derivative spectra were calculated in the
same way as previously reported [6,12].

3. Results and discussion

3.1. "?F NMR spectra

The "F NMR spectra of FNZ in the sample
solutions containing various amounts of PC SUV
were depicted in Fig. 2 as a typical example. FNZ
shows a downfield shift and signal broadening
depending on the increase in the PC SUV con-
centration due to its interaction with the PC
bilayer. FNZ shows a single signal at any PC
concentration studied, which proves that the ex-
changing rate of FNZ between the free and
partitioned states is fast enough as compared to
the '”F NMR time scale. TFPZ and FZ showed
similar results except the direction of the induced
shift of TFPZ was upfield.
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Fig. 2. F NMR spectra of 100 uM FNZ in HEPES buffer
solutions (pH 7.4, 21+2 °C) containing various amounts of
PC SUV. The reference is sodium 2-fluorobenzoate. PC SUV:
(1) 0 mM; (2) 0.10 mM; (3) 0.20 mM; (4) 0.40 mM; (5) 0.50
mM.

3.2. Calculation of K, and 46,

The chemical shift (d,ps) of FNZ for each
spectrum in Fig. 2 was measured and the AJ-
values for FNZ were given by the differences of the
Jops-values between spectrum (1) and spectra (2)—
(5) in Fig. 2, respectively. Using these Ad-values
and the PC SUV concentrations, the K,- and
Adax-values of FNZ are calculated by the non-
linear least-squares method. By the same manner,

Table 1

K,- and Adyax-values of the fluorinated psychotropic drugs

between PC SUV and water

K, (x 1073 Ad ax (ppm)™®
TFPZ  227+12 (217 +8)° —0.194+0.005
FNZ 12.540.7 1.685+0.079
Fz 8.9+0.3 (9.64+0.5)° 1.466+0.010

% Mean+S.D. (n =3).
® Negative value indicates an upfield shift.
¢ Measured by second-derivative spectrophotometry.
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Fig. 3. Fraction (Ad/Admax) of (A) TFPZ, (B) FNZ and (C) FZ
in PC SUV bilayer at various PC SUV concentrations. The
solid lines show the theoretical curves calculated from Eq. (7)
using the obtained K- and Ady,ax-values. The symbols are the
experimental values (mean+S.D.): (®) TFPZ, (B) FNZ, and
(a) FZ.

the K- and Adpax-values of TFPZ and FZ were
calculated. The obtained K- and Ad,.x-values are
listed in Table 1 and the results show a good
reproducibility with the relative standard devia-
tions below 6%.

To confirm the accuracy of K,-values obtained
by ""F NMR measurements, the K,-values of
TFPZ and FZ were determined by the second-
derivative spectrophotometric method [6] using
similar sample solutions as in the "F NMR
experiments at 21+2 °C (FNZ did not show

distinct spectral change upon the addition of PC
SUV).

The derivative intensity change (AD) caused by
the addition of PC vesicles was measured at /=
265 nm for TFPZ and at 1=245 nm for FZ,
respectively, and from the relationship between
AD value and the PC concentration, the K,-values
of TFPZ and FZ were calculated [6,12] and
showed in Table 1. The K,-values obtained by
the second-derivative spectrophotometric method
support the results of the ’F NMR method.

The fraction of each drug in the PC bilayer was
calculated from Eq. (7) with the obtained K- and
Admax-values, and the results are shown in Fig.
3(A), (B) and (C) for TFPZ, FNZ and FZ,
respectively. The experimental values of the frac-
tion bound of these drugs are also plotted in Fig. 3
and show a good correlation with the calculated
curves.

Conclusively, it can be emphasized that when
the fluorinated drugs do not have absorption in
the ultraviolet or visible regions, or having absorp-
tion but do not show significant changes according
to their partition to lipid bilayers, '’F NMR can
be usefully applied to the determination of their
K,-values without any separation procedure that
may disturb the equilibrium state of the sample
solution. Moreover, the proposed method side-
steps the problem of the background signal inter-
ferences since the natural biological substances do
not include fluorine atom(s).

As there are several kinds of widely admini-
strated drugs containing fluorine atom(s), the
proposed '"F NMR method will be advanta-
geously used to obtain their partition coefficients
between phospholipid liposomes and water.
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