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ABSTRACT
Objectives: This study aims to investigate the possible influence of the model, cationic, surface-active solute chlorpromazine hydrochloride (CPZHCl) on the size of small unilamellar dimyristoyl phosphatidylcholine (DMPC) liposomes as a function of temperature and CPZ-HCl concentration,
below and above the critical micelle concentration (CMC).

Methods: Small unilamellar DMPC liposomes were prepared by dissolving DMPC in chloroform and the solvent was rota-evaporated in a water bath
adjusted at 40 °C. The lipid film was then dispersed in 0.1 M KCl solution adjusted at pH 6.2 to form large multilamellar liposomes which are then
sonicated and fractionated via Sepharose 2B-Cl gel. The elution profile was followed spectrophotometrically at λ 260 nm. Combined fractions from
the trailing edge of the included peak which is due to small unilamellar liposomes, were used as a source throughout this study. The SOFICA light
scattering photometer (Model 42000) was used to determine the weight average liposomes weight (L w ) of small unilamellar DMPC liposomes. The
Lw was determined in the absence and presence of CPZ-HCl both above and below the CMC over the temperature range of 25 °C to 40 °C.
Results: The Lw was observed to increase linearly in the absence and presence of CPZ-HCl.

The Lw was observed to increase linearly in the absence of CPZ-HCl, from 1.88×106+0.02 g/mol at 25 °C to 3.25×106+0.03 g/mol at 40 °C. Similarly,
the Lw was observed to increase linearly in the present of CPZ-HCl, for example at 18 mmol drug concentration, the Lw increases from 11×106+0.04
g/mol at 25 °C to 13.75×106+0.03 g/mol at 40 °C. When the data are presented as a function of CPZ-HCl concentration, a gradual increase in Lw was
observed below the CMC. Little increase in Lw however, was observed at post-micellar concentrations of 14 mmol and 18 mmol.
Conclusion: The increase in Lw in the presence of the model cationic, surface-active solute CPZ-HCl as a function of concentration and temperature
indicate that CPZ-HCl interacts with small unilamellar DMPC liposomes at concentrations below and above the CMC.
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INTRODUCTION
Liposomes have been extensively used as drug delivery systems for
a wide range of drugs [1-10]. Liposomes were the first nanoscale
drug delivery systems to be approved for clinical use in 1995. Since
then, the technology has grown considerably, and pioneering recent
work in liposome-based delivery systems has brought about
remarkable developments with significant clinical implications [11].
In addition, aqueous liposomal dispersions of phosphatidylcholines
have been widely studied as model membranes because of their
striking resemblance to biological, as they consist of the lipid bilayer,
either multilayer arranged concentrically or single bilayer enclosing
a volume of an aqueous medium [12]. The study of the interaction of
drugs with the aqueous liposomal dispersions of phospholipids may
be useful in elucidating both membrane structure and function and
can lead to a better understanding of the interactions of drugs with
bio-membranes. The interaction of a range of solutes with liposomes
has been previously examined, including proteins [13], cholesterol
[14], enzymes [15], estradiol, fluorouracil and antisense
oligonucleotide [16] antibiotics [17], cortisone esters [18],
nifedipine [19], certain antipsychotics [20] and phenothiazines [21,
22]. The interaction of CPZ-HCl with phospholipid liposomes has
been reported [23-25]. Using electron spin resonance spectroscopy
CPZ and perphenazine have been shown to be preferentially located
in the polar part of the liposomal bilayer, whereas promethazine and
the oxidized derivative of CPZ are basically found in the hydrophobic
interior of the bilayer [25]. An equilibrium dialysis study with CPZHCl showed that the drug has a similar binding affinity for liver
microsomes, mitochondrial membrane, myelin vesicles, erythrocyte
membranes as well as sonicated egg lecithin liposomes and it was
concluded that the major intracellular binders for CPZ-HCl are the
non-polar moieties of membrane phospholipids and thus

hydrophobic interactions are mainly involved [24]. The effect of
CPZ-HCl on the rat synaptic plasma membranes using nitroxide spin
labels revealed that the drug decreases the mobility of the polar
head group and it was observed that such action was inhibited by Ca
ions [25]. A previous study has observed that CPZ-HCl inhibits the
incorporation of orthophosphate and glycerol (precursors in
phospholipids
biosynthesis) into
phosphatidylcholine
and
phosphatidylethanolamine of krebs asites tumor cells in vitro and it
was suggested that CPZ-HCl and other cationic amphiphiles could be
used as potential tools for modifying phospholipids of tumor cells [26].
CPZ-HCl was observed at anesthetic concentrations to protect human
erythrocytes against hemolysis, increase the mean cellular volume and
decrease the sedimentation rate of the erythrocytes [27]. A study
using P-NMR has indicated that CPZ-HCl binding to phosphatidylserine
in the bilayer enhances phospholipid head group mobility [25].
Small unilamellar liposomes has been used as drug delivery systems
in in vivo and in vitro experiments [28]. The use of small unilamellar
liposomes as drug delivery systems confer the advantage of
selectivity over large unilamellar liposomes for drug delivery to a
variety of sites including tumors and lymph nodes [29]. Liposome
size may be estimated by a number of techniques, such as light
scattering [30], photon correlation spectroscopy [31], membrane
osmometry [32] and Transmission electron microscopy [33].

The present study investigates the possible influence of the model,
cationic, surface active solute CPZ-HCl on the size of small
unilamellar DMPC liposomes as a function of temperature and CPZHCl concentration (below and above the CMC). The size of DMPC
liposomes is measured as the weight average liposome weight (Lw)
which is determined using light scattering photometry. Drug
encapsulation in a liposomal drug delivery system improves the
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pharmacokinetic and pharmacodynamic properties to such an
extent that the drugs can be brought into regular use [34]. This
nessestates the importance of applying various formulation
techniques and/or formulation additives to optimize the
encapsulating efficiency of liposomes.

This study reflects the influence of the model, cationic, surface-active
solute CPZ-HCl on liposomal size and hence the possible use of other
similar surfactants as formulation additives to optimize the
encapsulating efficiency of liposomes as drug delivery systems.
MATERIALS AND METHODS

Synthetic dimyristoyl phosphatidylcholine (DMPC) (not less than
98% pure), chlorpromazine hydrochloride (CPZ-HCl) and bovine
plasma albumin were purchased from Sigma Co. KCl, chloroform and
tetrahydrofuran (THF) were purchased from BDH and were all of
Analar grade. Diphenylhexatriene (DPH) was purchased from
Aldrich Co. Sepharose 2B-Cl was purchased from Pharmacia Co.
Preparation of small unilamellar DMPC liposomes

Accurately weighed DMPC was dissolved in chloroform (10 mg/ml) in
50 ml quick-fit round bottom flask. The organic solvent was
evaporated on a rotary vacuum evaporator (Rotavapor R100, Buchi,
Switzerland) at 40 °C. Any remaining chloroform was removed by
applying a jet of dry nitrogen. The required amount of 0.1 M KCl
solution was added, the pH was then adjusted to 6.2 using 0.1M NaOH
or HCl acid and the flask was then swirled using a vortex mixer to form
multilayer DMPC liposomes at 40 °C. Multilayer DMPC liposomes were
sonicated using a Dawe Soniprobe Sonicator (Lucas instrument, UK),
at 100W under nitrogen for 30 min. The sample was kept in ice during
sonication to avoid overheating. The sonicated liposomes were
fractionated on a 40×2.5 cm column of Sepharose 2B-Cl which was
previously washed several times with 0.1 M KCl (pH 6.2). 0.5 ml of 16
mmol sonicated liposomes was applied to the column. Fractions of ≃
1.0 ml were collected over a period of 4 hr. the elution profile as
followed spectrophotometrically at λ 260 nm using (CE 5095, Double
Beam Spectrophotometer, Cecil Co., Cambridge), exhibited an excluded
peak (A) due to large multilamellar liposomes and an included peak
(B, C1,C2 and C3) (fig. 1) due to small unilamellar liposomes. These
fractions (i.e. A, B and C1,C2 and C3) exhibited different specific
refractive index increment (dn/dc) values (fig. 2) which indicates
variations in structure and size of the liposomes. Combined fractions
from the trailing edge of the included peak (i.e. C1,C2 and C3) (fig. 2)
which is due to small unilamellar liposomes[35] were used as a source
throughout this light scattering study, as no difference in liposomal
size could be detected for individual fractions (C1,C2 and C3) as
revealed by plotting the scattered intensity at 90 °(S 90 ) as a function of
lipid concentration (fig. 4) using the SOFICA light scattering
photometer (Model 42000).
Determination of small unilamellar DMPC liposomes concentration

Small unilamellar DMPC liposomes concentration was determined
spectrofluorimetrically by the method of London and Feigenson
[36]. The protocol for the assay was as follows:

(i) 2 µl of 3 mmol DPH in THF was added to a solution of 3 ml of 0.1
M KCl (pH 6.2) and 50 µl of the DMPC liposome dispersion.

(ii) Tubes were incubated in the dark for 45 min at 40 °C in a water
bath and the fluorescent intensity was measured at 25 °C using a
Perkin-Elmer spectrofluorimeter (Model 1000) with a temperature
controller cell holder, connected to a Grant-thermo-circulator. The
instrument was calibrated using quinine sulphate in 0.1 M HCl as a
fluorescence standard. The excitation wavelength was 365 nm and
the emission wavelength was 460 nm. A calibration curve of DMPC
liposomes concentration against fluorescent intensity was
constructed and was employed in the conversion of fluorescent
intensities values to concentrations.
Stability assessment of small unilamellar DMPC liposomes

Small unilamellar phospholipid liposomes may exhibit size
transformation to larger multilayer liposomes via liposome fusion or
lipid exchange, most readily near phase transition temperature (Tc)
because of the strain induced in the membrane by the small radius
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of curvature of the Liposomes [37]. The stability of the small
unilamellar DMPC liposomes was assessed for 14 d during which
time the liposomes were kept in an incubator at 25 °C.

Determination of the critical micelle concentration (CMC) of
CPZ-HCl

The CMC of CPZ-HCl in 0.1 M KCl (pH 6.2) was determined by the
Wilhelmy plate method [38] and a DMA digital density meter that
comprised a DMA 60 measuring unit combined with a DMA 602
remote cell (Anton Pear-Austria). The temperature of the external
cell was controlled by circulating water from a Grant-thermocirculator connected to a viscometry water bath (Townson and
Mercer). The Wilhelmy plate was calibrated by determining the
surface tension of carbon tetrachloride (Analar grade) at 25 °C. A
surface tension value of 26.01+0.05 mNm-1compared with a
literature value of 26.15 mNm-1[39] was obtained. The DMA density
meter was calibrated by determining the density of carbon
tetrachloride (Analar grade) at 20 °C. A value of 1.5937+0.004 g/ml
was obtained compared with a literature value of 1.5940 g/ml [40].
The CMC of CPZ-HCl in 0.1 M KCl (pH 6.2) was found to be 12.8+0.05
mmol at 25 °C by the Wilhelmy plate method which is in agreement
with the value of 13.0+0.05 mmol obtained using densitometry.

Preparation of DMPC liposome-CPZ-HCl dispersions for light
scattering measurements
Accurately weighed CPZ-HCl was added as a powder to aliquots of
the combined fractions of small unilamellar DMPC liposomes to
provide concentrations both above and below the CMC. Serial
dilutions of these initial concentrations were made. The samples
were then equilibrated for 72 h protected from light in a water bath
at 25 °C. The L w was determined over the temperature range of 25
°C to 40 °C. All the L w determinations were made above the T c of
DMPC of 23 °C, as it was observed that saturated phospholipid
liposomes undergo fusion and size transformation to larger
liposomes as the incubation temperature is decreased below T c [39].

The dispersions were then prepared for light scattering measurements
by filtration through a 0.45 µm pore size Millipore filter into an
aqueous light scattering cell. This operation was performed in a
laminar flow cabinet fed with pre-filtered compressed air. The light
scattering cell was cleaned in chromic acid and rinsed with fresh
filtered distilled water. The cleaning procedure is completed by using
acetone vapor followed by rinses with fresh filtered distilled water.

Determination of the weight average liposomal weight (L w )
using the SOFICA Light scattering photometer

The SOFICA light scattering photometer (Model 42000) was used to
determine the L w . The temperature of the instrument is controlled by
an electrical thermo-regulator. An external Grant-thermo-circulator
was fitted to the instrument to achieve±0.05 °C temperature control.
The L w was determined using the following equation:
KC⁄R90 = 1⁄Lw+2A 2 C …… (1)

K= The optical constant of DMPC liposome dispersion.

C= Concentration of DMPC liposome dispersion.

R 90=Rayleigh ratio=I 90 /I o = the ratio of the intensity of the
scattered light at 90 ° to the intensity of the incident light.
L w = The weight average liposomes weight of DMPC.
2A 2 =The second virial coefficient.

K is given by the following equation:

2π2 n02 (dn/dc)2

K=

λ4 NA

no= Refractive index of the solvent.

…….. (2)

dn/dc = Specific refractive index increment of DMPC liposome
dispersion.
λ4= Wavelength in cm.

NA= Avogadro’s number =6.02×10 [23].
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A plot of KC/R 90 against C will yield a straight line, the reciprocal of the
intercept gives the Lw and the slope gives the second virial coefficient
(A2) which gives information about solvent-solute interaction.

Anisotropic particle exhibits additional scattering due to change in
orientation and there is some horizontally polarized scatter light. It was
shown that the observed R90 must be multiplied by a depolarization
factor known as the Cabannes factor [40], which is given as:
Cabannes' factor=6 − 7d⁄6 + 6d ……… (3)

Where d (depolarization at 90 °) is the ratio of the intensity of
horizontally polarized scatter light to the intensity of the vertically
polarized component.

The SOFICA was calibrated using spectroscopic grade toluene and
standard block of perspex at
Ɵ=90
° and 23 °C. The calibration
constant (C) is given by:
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R90= C S 90 ……… (4)

Where R90= Rayleigh ratio of toluene at 23 °C obtained from
reference [41].

S 90 = the ratio of the scattered intensity of toluene at 90 ° to the
scattered intensity of standard block of perspex at 90 ° measured
using The SOFICA light scattering photometer.
The calibration constant was 5.75×10-5 and was checked by
determining the weight average molecular weight of Bovine Plasma
Albumin according to equation (1) by plotting KC/R90 against
different concentrations and the reciprocal of the intercept gives the
weight average molecular weight, after correction for the Cabannes'
factor according to equation (3). A value of 67.72×103+0.05 was
obtained compared with 66.16×103 [42].

The L w were determined using this procedure; for example, see (fig.
1).

Fig. 1: Determination of the weight average small unilamellar DMPC liposomes weight (Lw) at λ 546 and at different temperatures (the
reciprocal of the intercept was taken as Lw after correction for the Cabannes' factor). *R=the regression line correlation coefficient. The
values obtained were the mean of three experiments (n= 3). The standard deviations are shown as error bars and all values were in the
range of+0.01-0.03
Determination of the specific refractive index increment (SRII)
of DMPC liposome dispersion
The specific refractive index increment-SRII-(dn/dc) which is one of the
components of the optical constant (K) in equation (2) was determined
using a differential refractometer (Polymer Consultant Ltd). The
displacement of the light beam emerging from the refractometer by the
dispersion is measured using a micrometer eyepiece. The displacement
value ( ∆d) is determined by measuring the position of the slit image (d1 ).
The cell is then rotated through 180 °and the position measured again
(d 2 ). The difference between these two reading minuses ∆d o for the
solvent will yield ∆d which is related to the refractive index difference
between the dispersion and the solvent ( ∆n) by the following equatio
n:
∆n= K ∆d ……. (4)

Where K is the calibration constant of the instrument determined by
using the refractometric calibration data of a series of standard
solutions of Analar grade KCl with known
∆n values
[43]. The
calibration constant (K) was obtained from equation (4) by
determining ∆d experimentally, for which a value of 9.14×10-4+0.05
as a mean of six concentrations was obtained.

SRII (dn/dc) is obtained from the gradient of the graph of ∆n against
different concentrations. For example, see (fig. 2). The calibration

was checked by determining dn/dc for Bovine Plasma Albumin at 23
°C, when a value of 0.184+0.005 cm/g was obtained compared with
0.186 cm/g [42].

Determination of the refractive index of the solvent (n o )

The refractive index of the solvent (n o ) is another component of the
optical constant (K) in equation (2). Measurements were carried out
using the Abbe refractometer [44], temperature regulated by a
Grant-thermoregulator. The instrument was calibrated using
distilled water.
RESULTS AND DISCUSSION

Gel fractionation elution profile of the sonicated DMPC liposomes
exhibited an excluded peak (A), a front edge of the included peak
(B) as well as the trailing edge of the included peak (C1, C2, and
C3) (fig. 2).

Different fractions from the elution profile of the sonicated
DMPC liposomes exhibited different SRII (dn/dc) values, for the
excluded peak (A), the front edge of the included peak (B) as
well as the trailing edge of the included peak (C1, C2 and C3)
(fig. 3). This indicates different liposome size and structure for
these fractions.
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Fig. 2: Gel fractionation elution profile of sonicated DMPC liposomes at λ 260 nm using Sepharose 2B-Cl

Fig. 3: Determination of the refractive index increment (dn/dc) of different fractions of sonicated DMPC liposomes from peak (A), peak
(B) and peak (C1, C2 andC3). *R=the regression line correlation coefficient. The values obtained were the mean of three experiments (n=
3). The standard deviations are shown as error bars and all values were in the range of+0.02-0.04
Fractions from the trailing edge of the included peak (C1, C2 and C3)
however, showed no differences in liposome size as no variations in

the scattered intensity at 90 ° (S 90 ) as a function of concentration
could be detected (fig. 4).

Fig. 4: Changes in the scattered intensity (S 90 ) of different fractions from the trailing edge of the included peak (C1, C2 and C3) against
DMPC concentration at 25 °C. *R =the regression line correlation coefficient. The values obtained were the mean of three experiments (n=
3). The standard deviations are shown as error bars and all values were in the range of+0.005-0.02
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Fig. 5: Changes in the scattered intensity (S 90 ) of different fractions of small unilamellar DMPC liposomes from the trailing edge of the
included peak (C1, C2 and C3) against time at 25 °C. The values obtained were the mean of three experiments (n= 3). The standard
deviations are shown as error bars and all values were in the range of+0.005-0.02

The stability of small unilamellar (DMPC) liposomes was assessed
over a period of 14 d, when a slight increase in the scattered
intensity at 90 ° (S 90 ) occurred (fig. 5).

Since small unilamellar phospholipid liposomes are unstable
because of the strain induced in the membrane by the small radius
of curvature of the liposomes, they undergo size transformation to
larger liposomes through fusion and/or lipid exchange mechanism
most readily near T c . [35]

The stability of small unilamellar (DMPC) liposomes was assessed
over a period of 14 d, when a slight increase in the scattered intensity
at 90 ° (S 90 ) occurred (fig. 5), suggesting only a small degree of
liposome fusion. This relatively long term stability might be due to the
adsorption of negatively charged Cl-ions as revealed by electrophoretic
mobility measurement of DMPC liposomes [45]. The adsorption of
these negatively charged Cl-ions by liposomes may create electrostatic
repulsive forces that prevent liposome aggregation and hence reduce

liposome fusion and/or lipid exchange [45]. The L w was observed to
increase linearly from 1.88×106+0.02 g/mol at 25 °C to 3.25×106+0.03
g/mol at 40 °C in the absence of CPZ. HCl (fig. 6). This increase in the
liposomal weight with temperature may reflect an increase in the
volume of the aqueous interior of the liposomes together with an
increase in the bilayer thickness resulting from increased fluidity of
the phospholipid acyl chains. It was observed that small unilamellar
DMPC liposomes undergo large changes in dimensions and hydration
as a function of temperature; where the liposome internal volume
increases near six times ongoing from 15 °C to 30 °C and the bound
water increases more than six times. [46] Other studies have revealed
that CPZ-HCl at a concentration of 10-4M, increases the mean cellular
volume of erythrocytes and the membrane area was found to expand
by 2.7%. At higher concentrations, the membrane area was found to
expand by 5% [50]. L w was also observed to increase linearly as a
function of temperature in the presence of CPZ-HCl both below and
above the CMC (fig. 6).

Fig. 6: Temperature-dependent weight average DMPC liposomes weight (Lw) with different CPZ concentration below and above the
CMC.*R=the regression line correlation coefficient. The values obtained were the mean of three experiments (n= 3). The standard
deviations are shown as error bars and all values were in the range of+0.02-0.05
When the data are presented as a function of CPZ-HCl
concentration (fig. 7) a gradual increase in L w was observed
below the CMC. Little increase in L w however, was observed at
post-micellar concentrations of 14 mmol and 18 mmol. As only

R90 values were available for L w determinations, the data for
these high CPZ-HCl concentrations may be considered as
approximations because the liposome dimension is closed to
λ/20 limit.
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Fig. 7: Weight average DMPC liposomes weight as a function of CPZ-HCl concentration at different temperatures. The values obtained were
the mean of three experiments (n= 3). The standard deviations are shown as error bars and all values were in the range of+0.02-0.05
The increase in L w in the presence of CPZ-HCl may be explained on
the basis that the negatively charged liposomes resulting from Cladsorption will facilitate the buildup of the positively charged CPZ
ions. Such buildup of CPZ ions might increase the phospholipid acyl
chain fluidity resulting in a further increase in the liposome volume
and the bilayer thickness.

At the experimental pH of 6.2, CPZ will be mostly ionized as it has a
pka of 9.2. [47] CPZ was observed to shift the negative
electrophoretic mobility of DMPC liposomes in 0.1 M KCl (pH 6.2) to
positive mobility [44]. A similar buildup of positively charged CPZ
ions was also observed in negatively charged DMPC liposomes
containing dicetyl phosphate [48]. Also, it has been observed that
CPZ increases diplmotylphosphatidyl choline fluidity in the presence
of negatively charged myristic acid [49]. This buildup of CPZ ions
might increase the phospholipid acyl chain fluidity resulting in a
further increase in the liposome volume and the bilayer thickness. In
addition, it was observed that the interaction of CPZ with DMPC
liposomes had inherent effects on the T c and hence, fluidity of DMPC
phospholipid membranes. It was shown that CPZ intercalates within
the membrane bilayers to form a drug/phospholipid complex [50].
CONCLUSION

The model cationic surface active drug, CPZ. HCl was observed to
interact with small unilamellar DMPC liposomes at concentrations
below and above the CMC. L w was observed to increase linearly as a
function of temperature both in the presence and absence of CPZ-HCl.
When the data are presented as a function of CPZ-HCl concentration, a
gradual increase in L w was observed below the CMC, whereas little
increase in L w , was observed at post-micellar concentrations. The
observed increase of L w upon the partitioning of CPZ-HCl into the
bilayer may reflect an increase in the volume of the aqueous interior of
the liposome together with an increase in the bilayer thickness
resulting from greater fluidity of the phospholipid acyl chain.
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