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ABSTRACT - Purpose. In this experiment, we
developed new cationic liposomes as a vector,
which form the complex with plasmid DNA
(pDNA), for gene delivery after systemic
administration. We investigated penetration
enhancers as an additional component of the
cationic liposomes because of their fusogenic

activities. Methods. Transdermal penetraion
enhancers such as N-lauroylsarcosine (LS),
(R)-(+)-limonene (LM), vitamin E (VE), and

phosphatidyl choline from eggs (EggPC) were used
in this experiments as helper-lipids with N-[1-(2,
3-dioleyloxy)propyl]-N,N,N-trimethlylammonium

chloride (DOTMA) and cholesterol (CHOL). We
examined in vitro transfection efficiency,
cytotoxicity, hematotoxicity, and in  Vivo

transfection efficiency of pDNA/cationic liposomes
complexes. Results. In transfection experiments
in vitro, the cationic lipoplexes containing LS had
highest transfection efficiency among the other
lipoplexes independently of fetal bovine serum
(FBS). Furthermore, the lipoplexes containing LS
had lowest cell toxicity among the other lipoplexes
in the presence of FBS. As the results of
erythrocytes interaction experiment, DOTMA /LS /
CHOL, DOTMA / VE / CHOL, and DOTMA /
EggPC / CHOL lipoplexes showed extremely lower
hematotoxicity. On the basis of these results, the
in vivo transfection efficiencies of the lipoplexes
were examined. The lipoplexes containing LS had
the highest transfection activity among the
lipoplexes.  Conclusion. In conclusion, several
transdermal penetration enhancers are available for
the helper-lipids in cationic liposomal vectors.
Among them, DOTMA/LS/CHOL lipoplexes
showed superior characteristics in in vitro
transfection efficiency, cell toxicity, hematotoxicity,

and in vivo transfection efficiency.
INTRODUCTION

Gene therapy is a useful treatment for curing inborn
and acquired diseases such as cancer,
cardiovascular disease, and rheumatoid arthritis (1,
2). Nucleic acids, however, are rapidly degraded
by nucleases and exhibit poor cellular uptake when
delivered in aqueous solutions. The gene delivery
vectors used so far include viral systems such as
retroviruses, adenoviruses, and adeno-associated
viruses or non-viral systems including cationic
liposomes and polymers (3, 4).

Among non-viral systems, cationic lipsosomes
have been reported to be suitable for effective
human gene therapy (5-7). The complex of
cationic liposomes with pDNA showed high gene
expression in the liver and spleen after systemic
administration. Cationic  liposomes  are
constructed with cationic lipids and “helper-lipids”.
Cationic lipids, N-[1-(2, 3-dioleyloxy) propyl]-N, N,
N-trimethlylammonium chloride (DOTMA) are
often used for forming electrostatic complexes with
DNA (8). Cholesterol (CHOL) and dioleyl
phosphatidylethanolamine (DOPE) are well known
helper-lipids. = CHOL was known to stabilize
liposomal membrane, and they are often added to
cationic liposomes to attain higher transfection
levels in vivo (9, 10). DOPE is a fusogenic lipid
to destabilize lipid bilayers by promoting the
transition from a lamellar to a hexagonal phase, it is
believed to be involved in endosomal disruption.
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The component of fusogenic lipids is one of the
important factors for determining the gene
expression of cationic liposomal vectors (11, 12).

DOPE was also reported as efficient
transdermal penetration enhancer of some drugs
such as estradiol, progesterone, and propranolol
(13). If so, the transdermal penetration enhancers
may play a role of fusogenic lipids for gene
delivery. Actually, the transdermal penetration
enhancers were known as inserting to dermal
cornified lipid layer, and they may be disposed to
disrupt the lipid membrane (14, 15). According to
this hypothesis, we investigated the effect of
frequently used penetration enhancers as alternative
helper-lipids to DOPE on gene delivery of cationic
liposomes. N-Lauroylsarcosine (LS),
(R)-(+)-limonene (LM), vitamin E (VE), and
phosphatidyl choline from eggs (EggPC) were used
in the experiments as penetration enhancers.

METHODS

Chemicals

DOTMA was obtained from Tokyo Chemical
Industry Co. (Tokyo, Japan). LS and LM were
obtained from Aldrich Chemical Co. (Milwaukee,
WI, USA). CHOL and VE were obtained from
Nacalai Tesque, Inc. (Kyoto, Japan). DOPE,
EggPC (COATSOME NC-10S) was purchased
from Nippon Oil and Fats Co. (Tokyo, Japan).
Fetal bovine serum (FBS) was obtained from
Biosource International Inc. (Camarillo, CA, USA).
Dulbecco's modified Eagle medium (DMEM),
antibiotics (penicillin 100 U/mL and streptomycin
100 pg/mL), and other culture reagents were
obtained from GIBCO BRL (Grand Island, NY,
USA).  2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,
4-disulfophenyl)-2H-tetrazolium, monosodium salt
(WST-1) and I1-methoxy-5-methylphenazinium
methylsulfate (1-methoxy PMS) were obtained
from Dojindo Laboratories (Kumamoto, Japan).
All other chemicals were of the highest purity
available.
Construction  and of
(pCMV-Luc)

pCMV-Luc was constructed by subcloning the Hind
II/Xba 1 firefly luciferase cDNA fragment from

Preparation pDNA

pGL3-control vector (Promega, Madison, WI,
USA) into the polylinker of pcDNA3 vector
(Invitrogen Corp., Carlsbad, CA, USA). The
pDNA was amplified in the E. coli strain XL1-blue,
isolated, and purified using an EndoFree QIAGEN
Plasmid Giga Kit (QIAGEN GmbH, Hilden,
Germany). Purified pDNA was diluted in the
sterile 5% (w/v) glucose and stored at -80 °C until
use. The concentration of pDNA was measured
by at 260 nm and it was adjusted to 1 mg/mL.

Preparation of Cationic Liposomes
DOTMA/DOPE/CHOL (1:0.5:0.5 molar ratio),
DOTMA/LS/CHOL  (1:0.5:0.5 molar ratio),
DOTMA/LM/CHOL (1:0.5:0.5 molar ratio),
DOTMA/VE/CHOL (1:0.5:0.5 molar ratio), and
DOTMA/EggPC/CHOL (1:0.5:0.5 molar ratio)
liposomes were prepared according to a previous
report (16). The lipids were dissolved
chloroform. Mixtures of each lipid were dried as
a thin film in a test tube using an evaporator at 25
°C, and then were vacuum-desiccated for
approximately 4 h. The film was resuspended in
sterile 5% dextrose. After hydration, the
dispersions were sonicated at 100 W for 3 min on
ice. The resulting liposomes were extruded 11
times through doublestacked 100 nm polycarbonate
membrane filters.

in

Preparation  of
Complexes

First, the mixing ratio of liposomes and pDNA was
expressed as a +/- charge ratio, which is the molar
ratio of DOTMA to pDNA phosphate residue. For
gene expression experiments, the appropriate
amounts of the cationic liposome solution were
mixed with the pDNA solution as + 1.75 charge
ratio, and mixed thoroughly by pipetting and left
for 30 min at room temperature to allow complex
formation. The particle size and (-potential of the
liposomes were measured by use of the C(-sizer
Nano-ZS (Malvern Instruments, Ltd.,
Worcestershire, UK). The number-fractioned
mean diameter was shown.

pDNA/Cationic ~ Liposome

Electrophoresis Assay
Each lipoplexes containing 1 pg of pDNA and
appropriate amounts of the liposomes was prepared
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as total volume 10 pL. The 5 pL of each
lipoplexes solution were mixed with 1 pL loading
buffer (30% glycerol and 0.2% bromophenol blue)
and were loaded onto a 0.8% agarose gel containing
0.03% ethidium bromide. Electrophoresis
(i-Mupid J, Cosmo Bio, Tokyo, Japan) was carried
out with a current 50 V in running buffer solution
(40 mM Tris-HCI, 40mM acetic acid, and 1 mM
EDTA buffer). The retardations of the pDNA
were visualized by use of the FluorChem Imaging
Systems (Alpha Innotech, CA, USA).

In Vitro Gene Expression Experiments

The human hepatoma cell line HepG2 was obtained
from Cell Resource Center for Biomedical
Research, Tohoku University. The HepG2 cells
were maintained in the FBS (+) medium (DMEM
supplemented with 10% FBS and antibiotics) or the
FBS (-) medium (DMEM supplemented with
antibiotics) at 37 °C under an atmosphere of 5%
CO, in air. The cells were plated on biocoat
collagen I cellware 12-well collagen-coating plates
(Becton-Dickinson, Franklin Lakes, NJ, USA) at a

density of 5 x 10* cells/well in the FBS (+) medium.

After 24 h, the medium was replaced with the FBS
(+) medium or the FBS (-) medium, containing 2
pg/mL pDNA complexed with various cationic
liposomes for 6 h. After transfection, the medium
was replaced again with the FBS (+) medium, and
then incubated for 24 h. The cells were washed
with phosphate-buffered saline (PBS) twice, and
then lysed in 200 pL of lysis buffer (0.05% Triton
X-100, 2 mM EDTA, and 0.1 M Tris/HCI, pH =
7.8). The 10 pL lysate was mixed with 50 pL
luciferase assay buffer (Picagene, Toyo Ink, Tokyo,
Japan) and the light produced was immediately
measured using a luminometer (Lumat LB 9507,
EG & G Berthold, Bad Wildbad, Germany). The
protein content of the lysate was determined by a
Bradford assay using BSA as a standard. The
absorbance was measured using a microplate reader
(Spectra 1, TECAN Austria Gmb.H., Grodig,
Austria) at 570 nm. The luciferase activity is
indicated as the relative number of light units
(RLU) per mg protein. The result in a well was
counted as one experiment.

WST-1 Assay

Cytotoxicity tests on HepG2 cells were carried out
using a WST-1 assay. The WST-1 reagent was
prepared (SmM WST-1 and 0.2mM 1-methoxy
PMS in PBS) and was filtered through a 0.22 pum
filter (Millex-GP, Millipore Co, Bedford, MA,
USA) prior to use. HepG2 cells were plated on
96-well plates (Becton-Dickinson, Franklin Lakes,
NJ, USA) at a density of 5 x 10° cells/well in the
FBS (+) medium. After transfection as the
method above-mentioned, the medium was
replaced again with 100 pL FBS (+) medium and
10 pL of the WST-1 reagent was added to each well.
The wells were incubated for an additional 2 h at 37
°C and then 10 pL of 0.1 N HCI was added to each
well.  The absorbance was measured using a
microplate reader at 450 nm (reference wavelength
650 nm). Untreated cells used as 100%
viability.

Animals

Animal care and experimental procedures were
performed in accordance with the Guidelines for
Animal Experimentation of Nagasaki University
with approval of the Institutional Animal Care and
Use Committee. Male ddY mice (5-6 weeks old)
were purchased from Japan SLC (Shizuoka, Japan).
After shipping, mice were acclimatized to the
environment for one day at least before experiments
were begun.

Interaction with Erythrocytes

Erythrocytes from mice were washed three times at
4 °C by centrifugation at 3,000 rpm (Kubota 3700,
Kubota, Tokyo, Japan) for 15 min and resuspend in
PBS. For agglutination study, 2% stock
suspension was prepared. The various lipoplexes
were added to the erythrocytes. The suspensions
were incubated for 15 min at room temperature
(RT). The 10 pL suspensions were put on a glass
plate and agglutination was observed by optical
microscopy (400x magnifications). For hemolysis
study, 5% stock suspension was prepared. The
various lipoplexes were added to the erythrocytes
and the suspensions were incubated 24 h at RT.
After incubation, the suspensions were centrifuged
at 3,000 rpm for 15 min, and supernatants were
taken. Hemolysis was quantified by measuring
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the hemoglobin release at 545 nm. The lysis
buffer was used for 100% hemolysis sample.

In Vivo Gene Expression Experiments

The lipoplexes were prepared by mixing the 40 pg
of pDNA and appropriate amounts of the cationic
liposomes before every experiment. Six mice
were administrated intravenously with
DOTMA/DOPE/CHOL and DOTMA/LS/CHOL
lipoplexes, and three mice were administrated
intravenously with DOTMA/LM/CHOL,
DOTMA/VE/CHOL, and DOTMA/EggPC/CHOL
lipoplexes. After 6 h following administration,
mice were sacrificed and the liver, kidney, spleen,
heart, and lung were dissected. The tissues were
washed twice with cold saline and homogenized
with the lysis buffer. The lysis buffer was added
in a weight ratio of 3 puL/mg for liver samples, 5
pL/mg for kidney samples, and 10 uL/mg for other

organ  samples. The homogenates were
centrifuged at 15,000 rpm for 5 min. The
supernatants were used for luciferase assays. The

10 pL of supernatant was mixed with 50 pL of
luciferase assay buffer and the light produced was
immediately measured using the luminometer.
The luciferase activity is indicated as RLU per
gram of tissue.

Statistical Analysis
Multiple comparisons test was performed by
Dunnett's pairwise multiple comparison t test.

RESULTS

Physicochemical Characteristics

The particle sizes and {-potentials of the liposomes
containing those penetration enhancer lipids were
measured (Table 1). DOTMA/DOPE/CHOL
liposomes showed 19.30 £ 5.35 nm of particle sizes
and +67.07 = 1.01 mV of (-potentials. The
particle sizes of DOTMA/LS/CHOL and
DOTMA/VE/CHOL liposomes were significantly
larger than DOTMA/DOPE/CHOL liposomes (P <
0.01), furthermore, {-potentials of the liposomes
with the lipids were significantly lower than the
DOTMA/DOPE/CHOL liposomes (P < 0.01).

Electrophoresis Assay

Electrophoresis assay was used to confirm the
strong formations of the lipoplexes. By mixing
the liposomes and pDNA solution, the lipoplexes
were formed as evidenced by agarose gel
electrophoresis (Figure 1). In the lane of naked
pDNA (lane 1), migration of pDNA was not
retarded, and the pDNA bands were clearly
observed. On the other hand in the lane of each
lipoplexes (lane 2-6), migrations of pDNA were
retarded and the pDNA bands were not observed.

In Vitro Transfection Activities

For in vitro transfection experiments, the cationic
liposomes were complexed with pDNA to form the
lipoplexes. In the preliminary experiment, +1.75
charge ratio lipoplexes showed the highest
luciferase activity in the HepG2 cells among +1.5,
+1.75, +2 charge ratio. Then, the each lipoplexes
at +1.75 charge ratio was added to HepG2 cells in
FBS (-) or FBS (+) medium and the luciferase
activities were evaluated (Figures 2A and 2B).
Among them, DOTMA/LS/CHOL lipoplexes
showed the highest luciferase activity in FBS (-)
medium.  The activity of DOTMA/LS/CHOL
lipoplexes was significantly higher than that of the
DOTMA/DOPE/CHOL lipoplexes (P < 0.01). On
the other hand, all lipoplexes showed high
luciferase activity in FBS (+) medium.

In Vitro Cellular Toxicities

The cell viabilities were evaluated by WST-1 assay,
and each lipoplexes was added to HepG2 cells in
FBS (-) or FBS (+) medium (Figures 3A and 3B).
The cell wviabilities of all lipoplexes were
significantly lower than the control in FBS (-)
medium (P < 0.01). The DOTMA/VE/CHOL
lipoplexes showed markedly higher viability than
DOTMA/DOPE/CHOL. On the other hand,
DOTMA/LS/CHOL showed lowest cytotoxicity in
FBS (+) medium. The cell viabilities of all
lipoplexes containing the penetration enhancer
lipids were higher than that of
DOTMA/DOPE/CHOL lipoplexes.

59



J Pharm Pharmaceut Sci (www. cspsCanada.org) 11 (4): 56-67, 2008

Table 1. Physicochemical characteristics of the liposomes.

Lipid composition (1/0.5/0.5) Size (nm) C-potential (mV)
DOTMA/DOPE/CHOL 19.80 + 5.35 +67.07 £1.01
DOTMA/LS/CHOL 225.00 £22.34% +22.77+0.71%
DOTMA/LM/CHOL 44,60 £2.93 +45.53+0.15°
DOTMA/VE/CHOL 92.77 +12.94° +45.70 +0.60 *
DOTMA/EggPC/CHOL 23.57+11.83 +51.83+£1.89°

Each value represents the mean + S.D. of three experiments.

% P <0.01 vs DOTMA/DOPE/CHOL.
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Figure 1. Effect of each liposome on electrophoretic -
migration of pDNA through an agarose gel. 1: naked 107
pDNA; 2: DOTMA/DOPE/CHOL lipoplexes; 3:
DOTMA/LS/CHOL lipoplexes; 4: DOTMA/LM/CHOL
lipoplexes; 5: DOTMA/VE/CHOL lipoplexes; 6:
DOTMA/EggPC/CHOL lipoplexes. Figure 2.
lipoplexes
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Luciferase gene expression of the various
in vitro. The lipoplexes were added to the

HepG2 cells in the FBS (-) medium (A) or FBS (+)
medium (B). After 24 h, cells were lysed and luciferase
activities were determined. Each bar represents the mean

Hk.

+ S.D. of seven experiments. ; P < 0.01 vs

DOTMA/DOPE/CHOL lipoplexes.
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Figure. 3. Cell viabilities of various lipoplexes.
(A) or FBS (+) medium (B).
S.D. of three or four experiments.

Interaction with Erythrocytes
The lipoplexes were added to erythrocytes to
evaluate agglutination and hemolysis (Figures 4
and 9). DOTMA/DOPE/CHOL lipoplexes
showed severe agglutination in microscopy but no
agglutination was observed in other lipoplexes.
Hemolysis was quantified by measuring the
hemoglobin release.

DOTMA/LS/CHOL, DOTMA/VE/CHOL, and

DOTMA/EggPC/CHOL lipoplexes had
significantly lower hemolysis activities than
DOTMA/DOPE/CHOL lipoplexes (P < 0.01).
However, DOTMA/LM/CHOL lipoplexes had

significantly higher hemolysis activities than

Control DOTMA DOTMA DOTMA DOTMA DOTMA
/LS
/CHOL

IVE
/CHOL

/LM
/CHOL

/EggPC
/CHOL

The lipoplexes were added to the HepG2 cells in the FBS (-) medium
The cell viabilities were determined by WST-1 assay. Each bar represents the mean +
** P <(.01 vs control.

DOTMA/DOPE/CHOL lipoplexes (P < 0.01).

In Vivo Transfection Activities

For in vivo transfection experiments, the each
lipoplexes was administrated intravenously to mice.
After 6 hours, the five organs such as liver, kidney,
spleen, heart, and lung were dissected and those
luciferase activities were determined (Figure 6).
In the all organs, DOTMA/LS/CHOL lipoplexes
had highest transfection efficiency among the five
lipoplexes. At the same time, they had
significantly higher transfection efficiency than
DOTMA/DOPE/CHOL lipoplexes in the liver,
heart, and lung (P < 0.01).
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Figure 4. Agglutination of erythrocytes by lipoplexes. Each lipoplexes was added to erythrocytes, and agglutination
was observed by phase microscopy (400x magnifications).
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Figure 5. Hemolysis of erythrocytes by lipoplexes. Each lipoplexes was added to erythrocytes, and incubated 24 h.
The hemolysis activity was determined by measuring the hemoglobin release at 545 nm. Each bar represents the
mean + S.D. of three experiments. **; P <0.01 vs DOTMA/DOPE/CHOL lipoplexes.
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DISCUSSION

In gene therapy, viral vectors have been utilized for
many clinical trials due to their high ability to
transfect. However, they have limitations in vivo
such as wild-type reversion and immunogenicity.
On the other hand, non-viral vectors including
cationic liposomes and polymers have several
advantages including non-immunogenicity, low
acute toxicity, and flexibility to design a vehicle
with  well-defined structural and chemical
properties to yield mass production (17, 18).

Cationic liposomes were known effective gene
delivery vectors for human gene therapy (19, 20).
To elevate effectivity of gene delivery, helper-lipids
such as CHOL and DOPE were often added to
cationic liposomes (9, 11, 12). CHOL makes
liposome membrane uncrushable, and the
CHOL-containing liposomes had much higher
expression as compared to other liposomes in vivo
(21, 22). DOPE was reported to be a fusogenic
lipid, and it made DNA possible to escape out of
endosome by its conversion of a lamellar to a
hexagonal phase (23).

In the present study, we newly exploited the
alternative  helper-lipids to DOPE among
transdermal penetration enhancers. Transdermal
penetration enhancers were known to make drugs
much permeated into skin by disrupting the
structure of stratum corneum lipid bilayers.
DOPE was also reported to have a potential to
enhance transdermal penetrations of the drug such
as estradiol, progesterone, and propranolol (13).

LS, LM, VE, and EggPC have been reported
to be effective transdermal penetration enhancers
(24-30). We prepared several cationic liposomes
containing these penetration enhancers with
DOTMA and CHOL. Physicochemical
characteristics such as particle sizes and
C-potentials of those liposomes were determined
and are shown in Table 1. Transdermal
penetration enhancers much affected the particle
sizes and C-potentials of the liposomes because of
their  interactions with —membrane lipids.
Especially, DOTMA/LS/CHOL liposomes
significantly decreased C-potentials by anionic
charge of LS. The reduction of {-potentials may
decrease electrostatic objection and increase the

particle sizes. These liposomes can formulate the
electrostatic complex with pDNA, which was
identified by gel electrophoresis (Figure 1). The
pDNA was completely complexed with each
liposomes, migrations of pDNA and pDNA bands
not observed.

In vitro transfection efficiency and cell toxicity
of theses lipoplexes were evaluated using human
hepatoma cell line HepG2 in the presence/absence
of FBS (Figures 2 and 3). The cationic liposomes
containing DOPE were reported as effective gene
delivery vehicles in vitro (31-33). Actually, the
DOTMA/DOPE/CHOL  lipoplexes had high
transfection efficiency in HepG2 in the absence of
FBS. DOTMA/LS/CHOL lipoplexes had
significantly higher efficiency although
DOTMA/LM, VE, EggPC/CHOL lipoplexes
showed equivalent efficiency. The serum protein
bound to the cationic lipoplexes electrostatically,
and the lipoplexes has been reported to reduce their
transfection efficiency in the presence of FBS (34,
35). The present lipoplexes induced the
transfection efficiency in the presence of FBS.
They may have the in vivo potential as gene
delivery vectors. On the other hand, all lipoplexes
showed cell toxicity on control in the absence of
FBS. In the presence of FBS, DOTMA/LS/CHOL
lipoplexes showed low cytotoxicity on control
although  DOTMA/DOPE/CHOL had a severe
cytotoxicity.

We examined interaction of the lipoplexes to
erythrocytes before in vivo experiments (Figure 4).
In many studies, the cationic liposomes containing
DOPE had reported to agglutinate erythrocytes (36,
37). The agglutinations are proposed to explain
the discrepancies between in vitro and in vivo
transfection results (38). A strong agglutination
was observed in DOTMA/DOPE/CHOL lipoplexes
although DOTMA/LS, VE, EggPC/CHOL
lipoplexes did not show agglutination. A festinate
hemolysis was found in DOTMA/LM/CHOL
lipoplexes. Therefore, we  quantitatively
determined hemoglobin released by hemolysis and
show it in Figure 5. The high hemolysis was
confirmed in DOTMA/DOPE/CHOL lipoplexes
and DOTMA/LM/CHOL lipoplexes.
DOTMA/LS/CHOL, DOTMA/VE/CHOL, and
DOTMA/EggPC/CHOL lipoplexes showed
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extremely lower hematotoxicity.

On the basis of these results, the in vivo
transfection efficiency of the lipoplexes was
examined in mice. The luciferase activities in the
five organs such as liver, kidney, spleen, heart, and
lung were determined at 6 h after each lipoplexes
was administrated intravenously to mice (Figure 6).
The luciferase activities of DOTMA/DOPE/CHOL
lipoplexes were below 10° RLU/mg protein in the
liver, heart, and lung, but it was reported that
luciferase activities of DOTMA/DOPE and
DOTMA/CHOL lipoplexes were below 10° and 10°
respectively in the lung even if the high charge ratio
+2.24 (37). The lack of serum stability greatly
limits their potential application of DOPE
lipoplexes in vivo (39). DOTMA/DOPE was also
reported to agglutinate with erythrocytes and be
embolized in the lung capillary with erythrocytes
(36). On the other hand, the lipoplexes containing
LM, VE, and EggPC stacked up to
DOTMA/DOPE/CHOL lipoplexes, but
DOTMA/LS/CHOL lipoplexes showed
significantly higher transfection efficiency than
DOTMA/DOPE/CHOL lipoplexes in the liver,
heart, and lung.

Generally, the complexes with strong
positive charge show high gene expression
because of their strong interaction with cell
membranes. On the other hand, the strong
positive charge on the complexes turns to
aggregate with erythrocytes and serum protein,
and eliminate rapidly in the blood (40). The
large aggregates of the lipoplexes with
erythrocytes were suggested to be embolized in
the pulmonary vein and show high
accumulations in the lung (36). However, the
large aggregates may cause problems because
of microinfarction, causing tissue ischemia and
possible myocardial damage (41).

In the present study, we found that the
lipoplexes containing LS had high transgene
efficiency and low toxicity under in vitro and in
vivo conditions. A low cationic charge of the
lipoplexes containing LS decreased
aggregation with erythrocytes and cytotoxicity.
High gene expression of the lipoplexes
containing LS may be caused by the fusogenic
ability of LS. Although the particles sized

more than 5 micrometer are known to
accumulate in the lung, the slightly large
particle of the lipoplexes containing LS might
contribute to pulmonary delivery. Further
studies about cellular internalization pathway,
transcription efficiency, and cytosol dependent
stability may be necessary to figure out the
mechanism for their transgene efficiency.

CONCLUSION

It is concluded that several transdermal penetration
enhancers may be available for alternative
helper-lipids to DOPE in cationic liposomal vectors.
DOTMA/LS/CHOL lipoplexes showed superior
characteristics in comparison with
DOTMA/DOPE/CHOL lipoplexes in in vitro
transfection efficiency, cell toxicity, hematotoxicity,
and in vivo transfection efficiency.
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