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Abstract

Various types of dyestuff-containing liposomes were prepared from eosin Y or rhodaminine B, dipalmitoylphos-
phatidylcholine or dipal mitoylphosphatidylcholine—dipal mitoylphosphatidylserine mixtures, and buffer solutions (trapped
solutions) differing in chemical species, buffer concentrations, and pH. The dyestuff-containing liposomes were subjected to
capillary electrophoresis with chemiluminescence detection, and the effects of the constituents on liposome properties were
examined from the obtained electropherogram. Two peaks were typically recorded on the electropherograms; one was due to
dyestuff entrapped in the liposomes and another was due to free dyestuff in the bulk solution. The changes of retention times
and ratios of the two pesks easily and rapidly offered useful information as to permeability and surface charge of the
liposome membranes. [ 1998 Elsevier Science BYV. All rights reserved.
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1. Introduction

In the past decade, capillary electrophoresis (CE)
has become one of the most powerful and con-
ceptually simple separation techniques for the analy-
sis of complex mixtures. CE features high resolution,
relatively short analysis times, and low operational
cost compared to high-performance liquid chroma-
tography. Furthermore, when combined with CE,
chemiluminescence (CL) can offer excellent ana-
Iytical sensitivity and selectivity. We have reported
on CE with CL detection for the separation and
determination of small amounts of metal ions, metal
complexes, dyestuffs, proteins, and akaloids. [1-3]

* Corresponding author.

Recently, the behavior of liposomes in CE was
examined for characterizing liposomes prepared for
use in industrial and analytica applications. [4]
Liposomes were also used as a pseudostationary
phase for the analysis of drugs by CE. [5] In our
previous papers, [6,7] dyestuff-containing liposomes
prepared from eosin Y and dipamitoylphos-
phatidylcholine (DPPC) were for the first time
analyzed by CE—CL using the peroxyoxalate system.
The following matters were examined by the use of
the electropherograms: the difference between mul-
tilamellar vesicles and small unilamellar vesicles
(SUVs), the liposome preparation process including
gel filtration and ultrasonic irradiation, and the effect
of standing time. Only CL detection was effective
for examining the electrophoretic behavior of the
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eosin Y-containing liposome in a capillary. Spectro-
photometric and fluorescent detection could not be
utilized for detecting the liposome, mainly due to the
low sensitivities.

In the present study, various types of dyestuff-
containing liposomes were prepared and analyzed by
CE—CL. It was found that the constituents of the
liposome, which were dyestuff, lipid, and trapped
solution, influenced the properties of the liposome
and hence affected their migration behavior. The
present CE-CL system will be useful for characteriz-
ing liposomes which have been widely used as
models for biomembranes, as drug carriers, and for
other purposes.

2. Experimental
2.1. Reagents

All reagents used were of commercialy available
and special grade. lon-exchanged water was distilled
before use. Dipa mitoylphosphatidylcholine and di-
pal mitoyl phosphatidylserine (DPPS) were purchased
from Sigma and Funakoshi, respectively. Bis(2,4,6-
trichlorophenyl)oxaate (TCPO) was obtained from
Wako. Eosin Y and rhodamine B were purchased
from Nacalai Tesgue.

2.2. Preparation of dyestuff-containing liposome

Standard eosin Y-containing liposomes were pre-
pared as follows. DPPC (2 mg) was dissolved in
chloroform (3 cm®) in a 10-cm® round-bottomed
flask and dried on a rotary evaporator under reduced
pressure at 37°C to form athin film on the flask wall.
An eosin Y solution of 10 mM in a 10 mM sodium
carbonate buffer solution (pH 9.0) was added to the
film. The mixture was treated at 55°C for 2 h by
ultrasonic irradiation. The obtained suspension was
subjected to gel filtration (Sephadex G-50, Nick
column, bed volume 2 cmXx1 cm I.D.; Pharmacia
Biotech) using 10 mM sodium carbonate (pH 9.0) as
an eluent in order to remove the free eosin Y.

Various types of dyestuff-containing liposomes
were prepared in the same manner as the above-
mentioned standard eosin Y-containing liposome, but
with different constituents (dyestuff, lipid, and

trapped solution). Lipid content ratio was as follows,
DPPC(mg):DPPS(mg)=2.0:0.05, 2.0:0.1, or 2.0:0.2.
Dyestuff was 0.1, 1.0, 10, or 100 mM eosin Y or 10
mM rhodamine B. Buffer solution as trapped solu-
tion in liposome interior was 0.5, 1.0, 10, or 100 mM
sodium carbonate (pH 9.0) or 10 mM phosphate
buffer (pH 7.0, 9.0, or 11.0). Liposomes not con-
taining dyestuff were also prepared in the same
manner as the standard eosin Y-containing lipo-
somes.

2.3 Apparatus and procedure

Liposomes were observed by means of transmis-
sion electron microscopy (TEM) (Hitachi-H8100). A
CE-CL system similar to that reported in a previous
paper [1] was used for the present study. A fresh
fused-silica capillary tube (70 cmXx50 wm I.D.) was
treated with 1 mM sodium hydroxide for 30 min and
was then washed with distilled water. A migration
buffer solution (10 mM sodium carbonate; pH 9.0)
was filtered and degassed. The capillary tube was
filled with the buffer solution. The sample solution
was introduced at the positive electrode side for 15 s
from a height of 30 cm by siphoning. A voltage of
15 kV was applied to the electrodes using a d.c.
power supplier (Model HCZe-30PNO.25, Matsusada
Precision Devices). A 500 um [.D. PTFE tube,
which was covered with black Tygon-tape and had a
8 mm detection length in front of a photomultiplier
(Hamamatsu Photonics R-464), was used as a de-
tection cell (Fig. 1). A CL reagent solution (50 cm®
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Fig. 1. Schematic diagram of CL detector.
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of 1 mM TCPO acetonitrile solution+288 l of
30%, w/w, aqueous solution of H,O,) was fed at a
rate of 30 pl min~* by a pump (Tosoh CCPD type)
to be mixed with the eluate at the tip of the capillary
tube. The CL detected by the photomultiplier was
measured by a photon counter (Hamamastu Photon-
ics C1230) with an integrator (Shimadzu
Chromatopac C-R6A).

3. Results and discussion
3.1. Characterization of liposome as SUV

In this study, liposomes were prepared as SUVs
according to the ordinary method [8,9]. Lipid con-
centrations in the suspensions were estimated to be
about 2.7 mM and 0.3 mM, corresponding to those
before and after gel filtration, respectively. Lipo-
somes not containing eosin Y were examined as
follows, in order to confirm the formation of SUVs.
Trapping efficiency, which is generally expressed as
a percentage of the amount of dyestuff entrapped in
liposome to the initially added amount, was esti-
mated for calcein-containing liposomes. The ob-
tained value of 3.43% seems to be dightly large, and
is amost in agreement with that of 3.55% for SUVs
which were previously prepared [10] by reversed-
phase evaporation method. The liposome size was
measured by means of TEM, which confirmed that
the liposomes had submicron dimensions as SUVs
[9,11] and assumed a spherical shape. However,
TEM observation indicated a somewhat broad dis-
tribution. The small number of large size SUVs may
contribute to the above comparatively large trapping
efficiency.

3.2 Effect of eosin Y concentration in the
preparation on CL intensity

In Fig. 2 the relationship between eosin Y con-
centration used for preparation of the liposomes and
CL intensities obtained by the CE-CL system is
shown. The CL intensities, both peak height and
peak area, increased with increasing concentrations
of eosin Y. However, at the high concentration of
100 mM eosin Y, the liposomes could not be
prepared with good reproducibility. Therefore, the 10
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Fig. 2. Relationship between eosin Y concentrations in the
liposome preparation and CL intensities. (O) peak height; (@)
peak area. Conditions: capillary, 70 cmXx50 wm |.D. fused silica;
applied voltage, 15 kV; migration buffer, 10 mM sodium carbon-
ate buffer (pH 9.0); CL reagent, a mixture of 1 mM TCPO
acetonitrile solution of 50 cm® and 30% (w/w) H,O, agueous
solution of 288 pl; and liposome preparation; 2 mg DPPC in 3
cm® chloroform, 10 mM sodium carbonate buffer (pH 9.0) as
trapped solution.

mM eosin Y concentration was selected as standard
in the present work for the preparation of liposomes.

3.3, Comparison of electropherograms for eosin Y-
and rhodamine B-containing liposomes

Although eosin Y and rhodamine B are common
dyestuffs for the TCPO-H,0O, CL, the former dye
gave about ten times greater sensitivity than did the
latter one in this CE-CL system. Eosin Y or
rhodamine B-containing liposomes were prepared
using a dye concentration of 10 mM. Free rhodamine
B could not be removed sufficiently through gel
filtration. The obtained €lectropherograms were com-
pared with each other, together with the molecular
structure of the dyestuffs (Fig. 3). Free eosin Y
appeared after the entrapped eosin Y in the lipo-
somes, while free rhodamine B appeared before the
entrapped rhodamine B. It was reasonable to con-
sider the charge properties of these dyestuffs in
alkaline condition. In both electropherograms lipo-
somes which entrapped the dyestuffs were detected
at aimost the same migration time of 9 min. This
means that the charge of the dyestuff entrapped in
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Fig. 3. Electropherograms of (&) eosin Y- and (b) rhodamine B-containing liposomes as well as molecular structures of the dyestuffs. The
experiments were carried out under the same conditions as described in Fig. 2, except for liposome preparation; 10 mM eosin Y or
rhodamine B, 2 mg DPPC in 3 cm® chloroform, 10 mM sodium carbonate buffer (pH 9.0) as trapped solution.

the liposomes did not influence the migration of the
liposomes.

3.4. Effect of the lipid content ratio of the
liposomes on the electropherogram

Various ratios of DPPC and DPPS were used in
the preparation of eosin Y-containing liposomes. The
obtained electropherograms are shown in Fig. 4. The
peak pattern in the electropherogram for the DPPC—
DPPS liposomes was similar to that of the DPPC
liposomes. However, the first peak due to liposomes
or eosin Y in the liposomes was recorded later with
increasing content of DPPS. In the third pandl, the
liposome peaks shifted such that they were on top of
the eosin Y peak causing peak distortion. DPPC has
a quaternary amine moiety in the molecule, while
DPPS has serine as the amphoteric moiety. There-
fore, the DPPC-DPPS liposomes must be more
negatively charged than the DPPC liposomes are
under the present conditions. The negative charge
would cause a delay in the migration time of the
liposome.

The results support the possibility that an observa-
tion of migration behavior of dyestuff-containing

liposome by CE-CL provides information con-
cerning the membrane composition and surface
charge of the liposomes.

3.5. Effect of trapped solution on stability or
permeability of liposome membrane

The eosin Y-containing liposomes were prepared
using various buffer solutions as trapped solutions.
They were then left in a 10 mM sodium carbonate
buffer (pH 9.0), the same as the CE migration buffer.
The effects of the anion species (carbonate and
phosphate ion), the buffer concentrations, and the pH
of the solutions trapped in the liposome interior on
electropherograms were examined as a function of
standing time. The ordinate is expressed as peak area
ratio of free to entrapped eosin Y. An increase in the
ratio indicates a degree of release of eosin Y from
the liposome interior to the bulk solution, that is,
instability or permeability of the liposome mem-
brane. The anion species and the pH did not greatly
influence the instability or permeability of the lipo-
somes under the present experimental conditions (the
data is not shown); the ratio of peak areas gradually
increased with increasing standing time, similarly as
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Fig. 4. Effect of DPPC:DPPS content ratio of liposomes on the
electropherogram. DPPC  (mg):DPPS(mg)=(a) 2.0:0.05, (b)
2.0:0.1, and () 2.0:0.2. The experiments were carried out under
the same conditions as described in Fig. 2, except for liposome
preparation; 10 mM eosin Y, DPPC-DPPS mixture in 3 cm®
chloroform, 10 mM sodium carbonate buffer (pH 9.0) as trapped
solution.

for the standard sample of liposomes which was
prepared using a 10 mM sodium carbonate buffer
(pH 9.0).

On the other hand, the buffer concentrations in the
liposome interior influenced the instability or per-
meability of the liposome membrane to a great extent
(Fig. 5). The liposomes which included lower so-
dium carbonate concentration (0.1 and 1.0 mM) than
that of bulk solution (10 mM) showed higher peak
area ratios than the standard liposomes did, which
included the same sodium carbonate concentration as
that of bulk solution. In contrast, the liposome which
included higher carbonate concentration (100 mM)
showed no change in the ratio within 48 h standing
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Fig. 5. Effects of buffer concentrations of trapped solution on peak
area ratio. (O) 0.1 mM sodium carbonate (pH 9.0), (®) 1.0 mM
sodium carbonate (pH 9.0), (A) 10 mM sodium carbonate (pH
9.0), and (X) 100 mM sodium carbonate (pH 9.0). The ordinate is
expressed as peak arearatios of free eosin Y to entrapped eosin Y.
The experiments were carried out under the same conditions as
described in Fig. 2, except for liposome preparation; 10 mM eosin
Y, 2 mg DPPC in 3 cm® chloroform, various buffers as trapped
solution.

time. That is, the lower concentration of buffer
accelerated a release of eosn Y and a higher
concentration suppressed it. This reflects an osmotic
effect of the liposome membrane [12]. If the interior
concentration of some chemical speciesis lower than
the exterior one, interna water moves to the outside
in order to keep an osmatic balance. The liposome,
consequently, contracts (an osmotic shrinkage). In
contrast, if the inside concentration is higher, the
liposome swells (an osmotic swelling). The release
behavior of eosin Y which was indicated as the effect
of buffer concentrations in Fig. 5 may be caused by
the osmotic shrinkage.

Dyestuff-containing liposomes, which are also
employed in immunoassay, [13,14] have been uti-
lized for characterizing liposomes (homogeneity,
trapped volume, stability, permeability, etc.).
[10,15,16]. The dyestuff entrapped in liposomes
plays an important role as a probe (what is called ‘a
release marker’). However, the methods for measur-
ing the probe have necessitated tedious treatments,
such as centrifugation, gel filtration and dialysis, and,
in general, have provided only indirect information.
The results of this report clearly showed that the
CE-CL is not only effective for the characterization
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of liposomes, but aso promising as a means of
separation and detection for a release marker.
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