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Abstract

Cationic liposomes composed of cationic surfactants and phosphatidylcholines are prepared
in this study. Cationic surfactants which used here are DXDAB including
dioctadecyldimethylammonium bromide (DODAB), dipalmitoyldimethylammonium bromide
(DPDAB), dimyristoyldimethylammonium bromide (DMDAB) with different alkyl side chains
length. Phosphatidylchloines (PCs) including saturated zwitterionic lipids, hydrogen soybean
phosphatidylchloine (HSPC), and unsaturated lipid, egg phosphatidylchloine (EPC), are used to
prepare small unilamellar vesicles. The physicochemical membrane properties of binary mixed
DXDAB/PCs lipid bilayers will be examined in terms of liposomal particle size and zeta potential.
The stability of liposomes changed with time will be recorded at 24°C storage.

In this project, surface pressure — per molecular area (n-A) isotherms of mixed cationic
surfactants/hydrogen soybean phosphatidylcholines (DPDAB/HSPC) monolayers at the air/water
interface is carried out at 25°C. Furthermore, experimental data is deeply to explore the
DPDAB /DXPC interaction. Finally, the relevance of the observations for these binary mixed
systems to the behavior in a liposomal domain and in a monolayer will be discussed.

Keywords: cationic liposomes, cationic surfactant, phosphatidylcholine, particle size, zeta
potential, stability, monolayer.
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Membrane Properties and Cyototoxicity of Cationic Surfactants/Phosphatidylcholine
Mixed Systems

Chia-Hua Liang and Tzung-Han Chou*
Department of Cosmetic Science, Faculty of Pharmacy, Chia Nan University of Pharmacy
and Science, Tainan 717, Taiwan, R.O.C.

I ntroduction

Past two decades, it has been widely studied that the cationic liposomes can be used to
mediate the intracellular delivery of DNA into cell [1-3]. Early, the cationic lipid,
N-[-1-(2,3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride has been used to form
positively charged liposomes (Lipofectin). However, it is caused more interesting in adding
double-chained surfactants such as dialkyl quaternary ammonium salts into liposomes
attributed to economic cost consideration.

In present study, cationic surfactants including dioctadecyl dimethylammonium
bromide (DODAB), dipamitoyldimethylammonium bromide (DPDAB), and
dimyristoyldimethylammonium bromide (DMDAB) are incorporated into lipid vesicles.
Further, hydrogenated soybean phosphatidylcholine (HSPC), and egg phosphatidylcholine
(EPC) are individually used to prepare small unilamellar vesicles at different preparation
condition. The physicochemical membrane properties of binary mixed DXDAB/DXPC
lipid bilayers will be examined in terms of vesicles particle size. Additionally, the stability
tests of cationic vesicles are carried out. The cytotoxicity of cationic vesicles membrane is
also examined and discussed in this research.

Experimental
Preparation of cationic liposomes

EPC, HSPC, DODAB, DPDAB, and DMDAB were mixed in the desired molar ratio
and dissolved in the CHCls/methanol (v/v=1/1) cosolvent. A lipid thin film was formed by
removing solvent under a high vacuum at 45°C. Lipid films were hydrated by adding PBS
(pH=7.0), and then sonicated at 4°C. Cationic vesicles with a fixed lipid concentration of
20 mM were attained. Finally, the size distribution was determined by dynamic light
scattering.
Cytotoxic assay

Human A549 lung cancer cells were maintained in F-12 medium with 10% fetal
bovine serum and supplemented with 1% penicillin—streptomycin. The cells were cultured
at 37°C with 5% CO,. Then, A549 cells (1 - 10*) were seeded in 96-well plates and then
treated with serial concentrations of cationic liposomes in combination for 24 h. After
replacing new medium, cell viability was determined by the use of a colorimetric




tetrazolium MTS assay. The absorbance at 490 nm was measured by a spectrophotometer.

Results and Discussion

The particle size distributions of cationic vesicles with time at room temperature were
listed in Table 1. Adding of cationic surfactants into vesicles did affect stability of
liposomes. It has been found that cationic vesicles consisted of HSPC/DMDAB (5/5) isthe
most stable between these different formulations. Besides, Figure 1 shows the cell
viability of cationic vesicles varied with different compositions. One can say that cationic
vesicles exhibited more cytotoxicity as increasing molar ratio of DXDAB.
Table 1. The average particle size (A.R.S) and poly dispersity (Pdl) of different cationic
vesicles at initial and 7 days at room temperature were listed.

Compositions APS (nm) P.dI
molar ratio nitial Tdays 1nitial 7days

HSPC/DMDAB

9/1 110 257 0.33 1
7/3 161 396 0.52 0.9
5/5 96 97 0.06 0.06
0/10 390 460 0.61 0.91
EPC/DODAB

9/1 167 396 0.39 1
7/3 586 663 0.87 1
5/5 982 2010 0.52 0.8
0/10 - - - -

- : indicated that no signal is obtained

140

120 |

H
8

80 I

60 I

Cel Viability (%)

0.001 001 01 1 10
Concentration (mM)

Fig. 1 Cytotoxicity assay of cationic vesicles consisted of HSPC/DODAB with 1. Xpopas
=0.9, 2! Xpopas=0.3, 3: Xpopas=0, 4: Xpopas=1, 5: Xpopas=0.5, and consisted of
EPC/DPDAB with 6: Xpppas=0, 7: Xpppag=0.1, 8. Xpppag=1, 9: Xpppas=0.3, 10:
Xpppag=0.5 during 24hr.
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I ntroduction

Past two decades, it has been widely studied that the cationic liposomes can be used to
mediate the intracellular delivery of DNA into cell [1-3]. Early, the cationic lipid,
N-[-1-(2,3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride has been used to form
positively charged liposomes (Lipofectin). However, it is caused more interesting in adding
double-chained surfactants such as dialkyl quaternary ammonium salts into liposomes
attributed to economic cost consideration.

In present study, cationic surfactants including dioctadecyl dimethylammonium
bromide (DODAB), dipamitoyldimethylammonium bromide (DPDAB), and
dimyristoyldimethylammonium bromide (DMDAB) are incorporated into lipid vesicles.
Further, hydrogenated soybean phosphatidylcholine (HSPC), and egg phosphatidylcholine
(EPC) are individually used to prepare small unilamellar vesicles at different preparation
condition. The physicochemical membrane properties of binary mixed DXDAB/DXPC
lipid bilayers will be examined in terms of vesicles particle size. Additionally, the stability
tests of cationic vesicles are carried out. The cytotoxicity of cationic vesicles membrane is
also examined and discussed in this research.

Experimental
Preparation of cationic liposomes

EPC, HSPC, DODAB, DPDAB, and DMDAB were mixed in the desired molar ratio
and dissolved in the CHCls/methanol (v/v=1/1) cosolvent. A lipid thin film was formed by
removing solvent under a high vacuum at 45°C. Lipid films were hydrated by adding PBS
(pH=7.0), and then sonicated at 4°C. Cationic vesicles with a fixed lipid concentration of
20 mM were attained. Finally, the size distribution was determined by dynamic light
scattering.
Cytotoxic assay

Human A549 lung cancer cells were maintained in F-12 medium with 10% fetal
bovine serum and supplemented with 1% penicillin—streptomycin. The cells were cultured
at 37°C with 5% CO,. Then, A549 cells (1 - 10*) were seeded in 96-well plates and then
treated with serial concentrations of cationic liposomes in combination for 24 h. After
replacing new medium, cell viability was determined by the use of a colorimetric




tetrazolium MTS assay. The absorbance at 490 nm was measured by a spectrophotometer.

Results and Discussion

The particle size distributions of cationic vesicles with time at room temperature were
listed in Table 1. Adding of cationic surfactants into vesicles did affect stability of
liposomes. It has been found that cationic vesicles consisted of HSPC/DMDAB (5/5) isthe
most stable between these different formulations. Besides, Figure 1 shows the cell
viability of cationic vesicles varied with different compositions. One can say that cationic
vesicles exhibited more cytotoxicity as increasing molar ratio of DXDAB.
Table 1. The average particle size (A.R.S) and poly dispersity (Pdl) of different cationic
vesicles at initial and 7 days at room temperature were listed.

Compositions APS (nm) P.dI
molar ratio nitial Tdays 1nitial 7days

HSPC/DMDAB

9/1 110 257 0.33 1
7/3 161 396 0.52 0.9
5/5 96 97 0.06 0.06
0/10 390 460 0.61 0.91
EPC/DODAB

9/1 167 396 0.39 1
7/3 586 663 0.87 1
5/5 982 2010 0.52 0.8
0/10 - - - -

- : indicated that no signal is obtained
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Fig. 1 Cytotoxicity assay of cationic vesicles consisted of HSPC/DODAB with 1. Xpopas
=0.9, 2! Xpopas=0.3, 3: Xpopas=0, 4: Xpopas=1, 5: Xpopas=0.5, and consisted of
EPC/DPDAB with 6: Xpppas=0, 7: Xpppag=0.1, 8. Xpppag=1, 9: Xpppas=0.3, 10:
Xpppag=0.5 during 24hr.
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