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Toda et al (1982) showed that the H, receptor-mediated
relaxation of canine mesenteric arteries could be mediated
through PGL. More recently (Ea Kim et al 1992), we demon-
strated that the Hi-receptor-mediated relaxation could involve
the endothelial release of both nitric oxide and PGI,, since it was
reduced by tranylcypromine (a PGl,-synthesis inhibitor) and L-
NMMA or L-NAME inhibitors of nitric oxide synthesis. The
present data suggest that the methylhistamine-induced fall in
MAP of guinea-pigs might be mediated via the L-arginine nitric
oxide pathway. The pressor effect induced by the agonists tested
was not a urethane-dependent mechanism since similar reponses
were obtained with these agonists in our own preliminary
experiment in pentobarbitone-anaesthetized guinea-pigs.
Further studies are needed to explain the molecular mechanism
responsible for activation of Hj-receptor sites at this level.

The authors wish to thank Dr F. X. Galen for his generous help.
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Partitioning and thermodynamics of dipyridamole in the n-octanol/buffer

and liposome systems

G. V. BETAGERI, S. R. DIPALIL, Department of Pharmacal Sciences, School of Pharmacy, Auburn University, Auburn, AL 36849-5503, USA

Abstract—The thermodynamics of partitioning (K) of dipyridamole
has been determined in n-octanol/buffer and liposome-buffer sys-
tems at pH 7-4. Dimyristoylphosphatidylcholine (DMPC) and
dipalmitoylphosphatidylcholine (DPPC) were used to prepare mul-
tilamellar liposomes. Partitioning of dipyridamole did not depend
on the amount of n-octanol employed, however, partitioning was
dependent upon the quantity of DMPC employed to prepare
liposomes. Plots of log K vs 1 were linear in the n-octanol and
liposome systems. Partitioning was generally greater in liposomes
than in the n-octanol/buffer system. Among liposomes, the parti-
tioning was greater in DMPC liposomes at all temperatures. The
values of enthalpy (AH) and entropy (AS) were positive in both the »-
octanol and liposome systems. These values were lower in DMPC
liposomes and were comparable in the n-octanol and DPPC
liposomes. Thus, the interaction of dipyridamole depends on the
rigidity of lipid bilayers and liposomes constitute a more selective
partitioning system than the n-octanol/bufler system.

Dipyridamole is a widely used coronary vasodilator and anti-
thrombic drug (FitzGerald 1987). In the past few years,
attention has also been focused on its ability to potentiate the
Cytotoxic effects of various antitumour drugs (Grem & Fischer
1989). Recently, a further possible use of dipyridamole emerged
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in the treatment of human immunodeficiency virus type-1
(HIV-1) infections. Dipyridamole potentiates the antiviral
effects of 3'-azido-3’-deoxythymidine (AZT) and 2°,3’-dideoxy-
cytidine (ddC) in HIV-infected human monocyte/macrophages
in-vitro (Szebeni et al 1989).

The distribution of drugs in membranes was first quantitat-
ively described by Collander (1951) to be related to their
partition coefficients in bulk oil/water systems. Among the many
oils which have been investigated, semipolar solvents yield better
correlations with the partitioning of solutes in model and
biological membranes than non-polar solvents (Leo et al 1971;
Diamond & Katz 1974). In particular, n-octanol has been a
useful reference system for extrathermodynamic studies on a
variety of systems (Hansch & Dunn 1972). Although the water-
saturated n-octanol/water system presumably possesses struc-
tural characteristics as a result of the formation of water/n-
octanol clusters (Smith et al 1975), it has been suggested that the
bulk oil lacks sufficient structural similarities to biological
membranes to account for the role of steric influences of drug
molecular structure on membrane partitioning, transport, drug-
receptor interactions and, hence, biological activity (Rogers &
Wong 1980). The present study compares the partitioning
behaviour of dipyridamole in r-octanol/buffer and buffered
liposome systems using a thermodynamic approach and, from
this, evaluates the interaction of dipyridamole with lipid bilayer
systems in comparison with the n-octanol/buffer system.
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Materials and methods

Chemicals. Dipyridamole and cholesterol were purchased from
Sigma Chemical Co. (St Louis, MO, USA). Dimyristoylphos-
phatidylcholine (DMPC) and dipalmitoylphosphatidylcholine
(DPPC) were obtained form Avanti Polar Lipids Inc. (Alabas-
ter, AL, USA). n-Octanol and chloroform (Fisher Scientific Co.,
NIJ, USA) were reagent grade.

Distribution studies in n-octanol/buffer systems. Convenient
volumes of aqueous phase (5 mL isotonic phosphate buffer, pH
7-4) containing the appropriate concentration of drug (0-02 mm)
and n-octanol (0-1 mL) were weighed into 25-mL scintillation
vials and equilibrated for 4 h at constant temperature (1 0-5°C)
in a shaking water-bath (Dubnoff metabolic shaker bath). Both
phases had been mutually pre-equilibrated. Concentrations of
dipyridamole in the aqueous phase were determined by UV
spectrophotometry (Beckman DU-65) at Am.x (290 nm). The
concentration of dipyridamole in the n-octanol phase was
determined by mass balance. The distribution of dipyridamole
was obtained from the average of duplicate determinations at
each temperature over the range 23-55°C.

Distribution studies in liposome systems. Phospholipid films
(DMPC or DPPC) were formed in 50-mL round-bottom flasks
following rotary evaporation of a chloroform solution (6 mg
mL~"). The resulting dried films were dispersed in 5 mL
aqueous, isotonic, phosphate buffer (pH 7-4) containing 10 ug
mL ~! dipyridamole. The flasks were vortex mixed for 10 min to
form multilamellar liposomes (MLVs). The distribution of the
drug was determined in 24 h temperature-equilibrated MLVs
following centrifugation (35000 rev min ' for 30 min, Beckman
L3-50 Ultracentrifuge) at the desired temperature from UV
analysis and mass balance calculations over the range 23-55°C.
Determinations were made in duplicate and the results averaged.
Repeated analysis of stock solutions of dipyridamole confirmed
its stability under the experimental conditions.

Calculation of partition coefficients

The apparent molal partition coefficients, K’, were calculated
from the distribution results by:

(Cr — Cy)w,

K’ =
cwy

M
where C = the total initial concentration of dipyridamole in the
aqueous buffer phase before equilibration, C,, = final aqueous
phase concentration of dipyridamole, w, = weight of aqueous
phase, and w, = weight of n-octanol or phospholipid in the
sample. Ion-corrected partition coefficients were calculated from

K = K/(1 + 10°Ka=74) @)

using a pK, value for dipyridamole of 6-4.
The standard change in free energy, AGS, . |, due to partition-
ing is: '
AGS ., = — 2303 RT log K (3)
The temperature dependence of partitioning was employed to

obtain data on the enthalpy of the process based on the
relationship (Katz & Diamond 1974):

AH®_,, = — 2303 Ra, @)

The values for a, are obtained from the slopes of log K vs 1/T
(Fig. 1), and assume that AH, | and ASS, | are approximately
independent of temperature over the range of interest (Cratin
1968).

Since

AH ..
2-3RT

AS; L
23R

log K = (5)
a linear plot of log K vs 1/T enables calculation of AHY,_,; from
the slope and ASY, | from the intercept. However, the change in
entropy of partitioning, ASj, _, |, was conveniently obtained from

AHS L — AG? L,

ASS = — T ©)
where AHS, ,; and ASj_; have the physical meaning of the
change in enthalpy and entropy, respectively, when one mole of
solute is transferred from water to lipid at infinite dilution (Katz
& Diamond 1974).

Results and discussion

The dependence of the apparent partition coefficient (log K") asa
function of n-octanol and DMPC concentration is shown in
Table 1. The partitioning of dipyridamole was independent of n-
octanol concentration. In DMPC liposomes the partitioning of
dipyridamole increased up to 6 mg mL~' DMPC. With further
increases in DMPC the partitioning of dipyridamole tended to
decrease. Similar results were reported for propranolol (Betageri
& Rogers 1987). However, they are in marked contrast to that
observed for chlorpromazine in the n-octanol/phosphate buffer
system (Ahmed et al 1985). This indicates the partitioning of a
single species of dipyridamole in the n-octanol/buffer system.
However, under similar conditions, chlorpromazine partitioned
as an ion pair. Therefore, for temperature dependency studies,
0-1 mL n-octanol and 6 mg mL ~' phospholipids were employed.

Temperature dependence of partitioning. The temperature depen-
dence of log K for dipyridamole in the n-octanol/buffer and
liposome systems and the associated thermodynamic para-
meters of free energy of transfer (AG), enthalpy (AH) and
entropy (AS) are given in Fig. 1 and Table 2, respectively. The
values of log K increased uniformly with temperature in both the
n-octanol/buffer and liposome systems. The magnitudes of
AGS, ., are indicative of the spontaneity of the partition process.
These values seem to be more favourable for the accommo-
dation of dipyridamole in bilayers compared with the n-octanol/
buffer system. However, these values were lower for DMPC
liposomes and are of a similar magnitude for n-octanol and
DPPC liposomes. Positive enthalpies and entropies have been
found for phenols in a cyclohexanol/aqueous system (Anderson
et al 1983), phenothiazine in the n-octanol/aqueous phase system
(Ahmed et al 1985) and f-blockers in the n-octanol/buffer system
(Betageri & Rogers 1987). In contrast, negative enthalpies of
partitioning of phenols in the n-octanol/0-15 M NaCl system

Table 1. Effect of the amount of lipid phase on partitioning
of dipyridamole in phosphate-buffered saline (pH 7-4) at room
temperature (21°C).

n-Octanol DMPC
(mL) log K (mg mL~1) log K
01 2:22(£0-03) 2 3-04 (£ 0-005)
0-5 2:24 (£ 0-28) 4 3-09 (£ 0-002)
[-0 2:24 (+£0-11) 6 3-12(4£0:017)
8 2:95(+0:015)
10 2:92 (+0-015)

The results are mean +s.d.



COMMUNICATIONS 933

4-
|
37 H
t
v
g ; :
2<
]
1 T T T 1
3.0 31 3.2 33 34

LQ::°~1
LACS

FiG. 1. Van’t Hoff plots of the partition coefficient of dipyridamole in
the n-octanol (0), DMPC (@) and DPPC (®) liposome-phosphate
buffer system at pH 7-4.

Table 2. The thermodynamics of partitioning of dipyridamole in the
n-octanol or phospholipid/phosphate buffer systems at pH 7-4 and
37°C.

AGS L AHY L ASS L
Lipid phase logK (kJmol™") (kJmol™") (IJmol 'K~}
n-Octanol 217 —12-88 26-88 126-32
DMPC 316 —18:76 10-97 95-90
DPPC 2:66 —1579 2479 130-90

DMPC = dimyristoylphosphatidylcholine, DPPC =dipalmitoyl-
phosphatidylcholine.

have been observed (Rogers & Wong 1980) indicating the
presence of significant hydrogen bonding between molecules of
phenol and n-octanol. The present results indicate that dipyrida-
mole does not significantly hydrogen bond with n-octanol.
The enthalpies (AH) and entropies (AS) of partitioning are
greater in the n-octanol/buffer and DPPC liposomes. Similar
results were observed with f-blockers (Betageri & Rogers 1987)
and phenothiazines (Ahmed et al 1985). However, the magni-
tude was much higher with f-blockers and phenothiazines
compared with dipyridamole. These results suggest a different
mechanism of interaction of dipyridamole with model mem-
brane systems. When the membrane exists in a fluid state (> T,
of DMPC), the interaction of dipyridamole is primarily by
hydrophobically-controlled partitioning (i.e. entropy-domi-

nated). However, in a membrane of a more rigid structure (< T.)
as with DPPC liposomes, the interaction of dipyridamole with
liposomes is predominantly through polar group association of
the membrane surfaces and partitioning becomes enthalpy
dominated. These results suggest that the interaction of dipyri-
damole depends upon the composition of the membrane and
that the more rigid the phospholipid composition of the
membrane the less favourable the distribution of dipyridamole.
Such information cannot be obtained by measuring the distribu-
tion of drug molecules in #-octanol due to its inability to alter
structural properties.

We wish to thank Daniel L. Parsons for useful discussions and
critical reading of the manuscript.
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