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ABSTRACT

The effects of phenothiazine derivatives and calcium on the thermotropic phase transition of bilayers
in dipalmitoyl phosphatidylcholine (DPPC) and dipalmitoyl phosphatidic acid (DPPA) liposomes were in-
vestigated with differential scanning calorimeter (DSC). Bilayers underwent an abrupt organizational changes
at a characteristic temperature when heated. Such temperature-dependent transition was particularly strik-
ing and sharp in the bilayers prepared from pure phospholipids. The ability of phenothiazine derivatives
to modify the phase transition of phospholipids liposomes was measured by a broadening of the phase tran-
sition profile, that transition began to appear at lower temperature than which occurs in untreated liposomes.

Calcium ion caused a large upward shift in the transition temperature of DPPC:DPPA (34:66mol%)
liposomes. When the liposomes were first incubated with calcium ion followed by phenothiazine derivatives,
disappearance of the broad curve centering at 73°C indicated displacement of calcium ion by phenothiazine
derivatives at the anionic site. It is supposed that calcium ion and phenothiazine derivatives might compete
with each other on the head group of acidic phospholipid.
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INTRODUCTION

Phenothiazine derivatives are a major tranquilizer
as well as, in a broad sense, a general anesthetics.
They contain a hydrophobic moiety and also a
hydrophilic moiety in a molecular or ionic form, and
are expected to be surface active. Phenothiazine
derivatives have been widely employed as therapeutic
agents of psychological disorders such as
schizophrenia, which are associated with overproduc-
tion of dopamine in the brain (Jain er al., 1978; For-
rest et al., 1984). It has been proposed that the
dopamin released by the interneuron during the
period of stimulation combines with specific recep-
tors on the postsynaptic membrane (Shibl et al.,
1984). Both binding and the catalytic sites are localiz-
e€d in the membrane. The complex with the dopamine
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binding site facing outward and the catalytic unit fac-
ing inward extends through the entire thickness of
the plasma membrane.

Calcium ion has been known to play the impor-
tant roles in releasing a transmitter from the synthetic
membranes and in blocking the entry of sodium ions
due to binding relatively strongly with proteins com-
posing of sodium channels (Van Dijick er a/., 1975;
Luterbacher er a/., 1983). To some extent the relative
contributions of the various effects of calcium ion
can be assessed by studying the Ca** gate protein and
chemically induced fusion (Van Dijick et al., 1975).
Calcium is known to bind stoichiometrically to acidic
phospholipids, reducing their surface charges and
area, thus increasing the phase transition
temperature. This binding is influenced by surface
charge, ionic strength and pH and is maximal when
the lipids are in the close-packed crystalline state
(Galla ef al., 1975; Chowdhry et al., 1984).

Acidic phospholipids are particularly sensitive to



changes in their environments. The fluxes of cations,
protons or changes in membrane potential that sur-
round many cellular events may well lead to altera-
tions in membrane structure and function by
perturbing acidic phospholipid species. This will
change the composition of the fluid bulk lipid pool
in which the integral proteins segregated. Depending
upon the physical nature of the acidic phospholipids
we can expect the fluidity of the fluid lipid pool either
to increase or decrease. The phase transition of
negatively charged phospholipids is markedly in-
fluenced by charges in pH, ionic strength and divalent
cation concentration. In particular calcium ion can
induce mixtures of neutral phospholipids with
negatively charged phospholipids to separate the lipid
phase. Phase separations are a common property of
mixtures of phospholipids, and indicate both fluid
and solid domains of lipid can co-exist over a range
of temperatures. The composition of the fluid and
solid domains will be different and influenced by
changes in temperature. The wide variation of
phospholipids found in biological membranes is likely
to show non-ideal mixing. This will certainly be true
of the solid state where the various headgroups ex-
hibit different conformations and hence will not pack
together in crystals but form various mixtures and
solid solutions. It is also possible that non-ideal mix-
ing will occur in the fluid state yielding fluid-fluid

immiscibility. All of these phenomena may modulate
the nature of the environment of protein species
embedded in the membrane.

With all the importance of the effect of
phenothiazine derivatives on the biomembrane pro-
perties, such studies have not yet been extensively car-
ried out.

Differential scanning calorimetry is a valuable tool
in determining physical changes of bilayers resulting
from ion or drug interactions with liposomes, e.g.,
gel-to-liquid phase transitions, phase separation, or
membrane fusion (Madurai et al., 1983). This study
investigates the actions of calcium ion and pheno-
thiazine derivatives on thermotropic properties of
synthetic negatively charged and neutral liposomes
with well-defined transition temperature.

MATERIALS AND METHODS

Materials

DPPC, DPPA and stearic acid were purchased
from Sigma Chemical Company (U.S.A.) and used
as received. The chemical structures of phospholipids
are shown in Fig. 1. Phenothiazine derivatives as
shown in table I such levomepromazine maleate,
chlorpromazine hydrochloride, prochlorperazine
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Fig. 1. Structures of phospholipids.



Table 1. Structures of phenothiazine derivatives

General name R, R,
Levomepromazine OCH; CH,CH(CH;)CH,N(CH,),
Chlorpromazine Cl CH,CH,CH,N(CH,;),
Prochlorperazine Cl CH,CH,CH;N N CH;
Perphenazine Cl CH,CH,CH,;N N CH,CH,0OH
Fluphenazine CF; CH,CH,CH,;N N CH,CH,0H

dimaleate, perphenazine dihydrochloride and
fluphenazine dihydrochloride as tranquilizers were
obtained from National Institute of Health (Korea)
and their chemical structures are listed in Table I.
Water was deionized distilled water. Other reagents
were all reagent grades. The buffer used for all
measurements was 0.1M KC1/0.01M Tris/0.1mM
EDTA adjusted to pH 6.9.

Preparation of multilamellar liposomes for differential
scanning calorimetry

The chlorform solution containing purified lipid
from a newly opened ampoule was transferred to a
glass tube which had been flushed with nitrogen. The
chlorform was then evaporated under vacuum
(Bangham, A.D., 1982; Chowdhry ef al., 1984) The
dried lipids were suspended in buffer adjusted to pH
6.9 above the phase transition temperature with a
vortex mixer for 10 min and multilamellar liposomes
were obtained. In this study on the effect of calcium
ion on DPPC:DPPA (34:66mol%) liposomes, ED-
TA was depleted from the buffer, and the
multilamellar liposomes were formed by vortexing
the lipids at about 68°C for 30 min.

Differential scanning calorimetry (DSC)

The phase transition temperature of the
phospholipid dispersions was determined with a
Shimadzu differential scanning calorimeter, SC-30,
accordingly to the usual methods (Hinz ef al., 1972).
Phosphorous determination in the liposomes was per-
formed with Inductively Coupled Plasma Quan-
torecorder (ICPQ-1000) (a Shimazu Plasma, collant
gas 150/min, plasma gas 1.0!/min, carrier gas
1.01/min).

Liposomal dispersions were incubated with a
desired concentration of phenothiazine derivative
and/or 3mM CacCl, for 60 min above phase transi-
tion temperature. Liposomal dispersion 154l was
transferred to a volatile sample pans were prepared
with the same amount of buffer. Inclusion of calcium

ion and drugs or Ca-drug mixtures in the reference
sample pan did not significantly affect the ther-
mograms. Each sample was scanned between 30°C
and 80°C at a rate of 2°C/min and a range of
5mJ/sec. Transition enthalpy was determined from
the ratio of the area under endothermic curve of
phospholipid sample to that of stearic acid as
calibrant (Tm=69.5°C, AH=16.4 Kcal/mole).
Phase transition (T¢) were determined as the intercept
between the slope of the ascending endothermic peaks
and the base line. The midpoint value of transition
was estimated as the maximal endothermic peak. All
experiments were repeated on at least three separate
preparations.

RESULTS AND DISCUSSION

A small but significant fraction of the lipid pool
of most biological membrane is acidic phospholipids
imparting a net negative charge on the membrane sur-
face. These acidic phospholipids have been known
to play important role in forming specific structures
on the membrane.

The ability of phospholipids to segregate into do-
mains is of considerable physiological interest,
especially in relation to the possible existence of some
specific microenvironment in the vicinity of mem-
brane proteins (Jain et al., 1980; Guyton, C., 1981).
A carrier-like transport peptide has been known to
have an affinity for acidic lipid domain. Another
possibility is that the components of the pore are
disordered in an acidic lipid components and
cocrystallize with the acidic domain to form conduc-
tive channels. Basic protein has been shown to bind
acidic lipids preferentially when added to liposomes
containing a random mixture of an acidic lipid and
a neutral lipid (Jain et al., 1980). Calcium ions have
been known to bind stoichiometrically to acidic
phospholipids, reducing their surface charges and
areas, thus increasing the phase transition
temperature.
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Fig. 2. Thermograms of DPPA liposomes: 1) without addition and 2) incubated with 3mM CaCl, at 68°C.

Table 2. Lipid phase transition temperature of some synthetic phospholipid bilayer incubated with 3mM CaCl,

Lipid Composition Transition Temperature (°C)

(mol%) Tonset Trmax upper temp
DPPC 41 42
DPPC:DPPA 95:5 44 45
DPPC:DPPA 34:66 58 62 73
DPPA 66 67 73
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Fig. 3. Thermograms of DPPC:DPPA (34:66mol%) liposomes: 1) without addition, 2) incubated with 3mM CaCl, at 65°C,
3) incubated with 0.5mM chlorpromazine and 4) incubated with 3mM CacCl, followed by 0.5mM chlorpromazine at 65°C.



The effect of calcium ion on the thermotropic pro-
perties on the DPPA bilayer was investigated. As
shown in Fig. 2. the presence of clacium ion has a
pronounced effect on the thermotropic properties of
the acidic phospholipids. Dipalmitoyl phosphatidic
acid liposomes showed a relatively sharp peak at
67°C in its thermogram. However, when the lipid
bilayer was incubated with calcium ion, the peak
shifted to 73°C and appeared quite borad. Table II
shows that calcium ion did not have any significant
effect on the thermogram of DPPC liposomes and
DPPC:DPPA (95:5mol%) liposomes but simply
shifted the thermogram of DPPC:DPPA (34:
66mol%) to higher temperature. Furthermore,
DPPC:DPPA (34:66mol%) liposomes showed the
new peak at 73°C on addition of calcium ion.

The effect of phenothiazine derivatives on the
thermotropic properties of acidic phopholipid bilayer
incubated with calcium ion was examined. The ther-
mograms in Fig. 3 showed that the mixed liposomes
of DPPC:DPPA (34:66mol%) had a single broad
centering at 62°C. However, when the mixture was
incubated with 3mM CacCl,, a new peak 73°C ap-
peared in addition to the peak at 62°C. This new peak
should be due to the Ca-DPPA or Ca-DPPA-DPPC
complex formed. On addition of chlorpromazine
hydrochioride to the mixed liposomes of
DPPC:DPPA, the single peak at 62°C became
broad, and the transition started at lower temperature
than at which the untreated liposomes started, but
again no significant effect on the neutral
phospholipid and mixed lipids in the presence of
small amount of DPPA as shown in table 11. And
addition of 0.5mM phenothiazine derivatives to mix-
ed DPPC:DPPA (34:66mol%) liposomes, prein-
cubated with calcium ion, produced disappearance
of the single broad curve at 73°C. This result strongly
indicates that there should be a competition between
phenothiazine derivatives cation and calcium ion for
the anionic site, and phenothiazine derivatives clearly
displaced calcium from DPPC:DPPA (34:66mol%)
liposomes. Charged drug such as phenothiazine
derivatives, especially cationic species, by virtue of
their abilities to interact specially with charged
phospholipid species and also to displace membrane-
bound calcium ion, might not only increase the fluidi-
ty of bilayer in membranes but could alter or induce

lipid lateral segregation in biological membrane. This
kind of competition might be significant for other
kinds of cationic drugs, and play an important role
in pharmacological activity.
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