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1  INTRODUCTION
Liposomes are considered to be one of the most promis-

ing carriers for drug delivery systems（DDS）, as well as for 
cosmetics and in food applications1-3）. However, liposomes, 
which consist primarily of phospholipids, are fragile during 
storage and after systemic or topical applications before 
reaching the target sight in the body. Another drawback of 
liposomes is insuffi cient drug entrapment. Many attempts 
have been made to overcome such problems by methods 
such as improvements to the processes used for liposome 
preparation and incorporation of other lipoids to improve 
the stability and entrapment effi ciency. 

＊Correspondence to: Masahiko Abe, Department of Pure and Applied Chemistry, Tokyo University of Science2641 Yamazaki, Noda, 
Chiba 278-8510, JAPAN
E-mail: abemasa@rs.noda.tus.ac.jp
Accepted December 8, 2010 (received for review November 15, 2010)
Journal of Oleo Science ISSN 1345-8957 print / ISSN 1347-3352 online
http://www.jstage.jst.go.jp/browse/jos/

Known methods for the preparation of liposomes are the 
Bangham method and reverse-phase evaporation methods; 
each has benefits and disadvantages4-9）. One drawback of 
these methods is the need to use organic solvents in the 
preparation process to solubilize the lipids in dry fi lms be-
fore hydration. Residual solvents, in particular chloroform, 
raise safety concerns because of their potential toxicity 
and the diffi culty of removing them from liposome prepara-
tions. In our previous study, we succeeded in making lipo-
somes free of organic solvents by using supercritical car-
bon dioxide（scCO2）. This method has been named the 
supercritical CO2 reverse-phase evaporation（SCRPE）
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method10, 11）. As the physicochemical properties of scCO2 
are similar to those of hexane, a lipid/water/scCO2 complex 
forms an emulsion of “scCO2 in water,” and liposomes are 
obtained after depressurizing the CO2 by spontaneous for-
mation of a bilayer liposome structure. The glucose-entrap-
ment efficiency in liposomes prepared by the SCRPE 
method was shown to be about fi ve times that in liposomes 
prepared by the Bangham method11）. Liposomes prepared 
using the SCRPE method can encapsulate water-soluble 
and oil-soluble materials synchronously in a short（ca. 40 
min）preparation time. Large-scale preparation of lipo-
somes by the SCRPE method is therefore relatively easy10, 11） 
and is believed to be suitable for commercial production. 
Another advantage of the SCRPE method is a relatively low 
operational temperature（45℃）; this preserves the bioac-
tivities of the entrapped drug molecules. The SCRPE 
method is therefore a valuable method for preparing DDS 
carriers. However, there is still a need to improve the 
SCRPE method to increase the encapsulation effi ciency of 
the liposomes. The objectives of this study are to improve 
encapsulation efficiency and increase liposome stability, 
using an SCRPE method, in order to develop advanced 
pharmaceutical applications. 

It has been reported that liposomes modifi ed with lipo-
peptides（LPs）enhance gene expression12）. LPs consists of 
a lipid analog and a peptide, and their amino acid sequenc-
es can easily be tuned12, 13）. LPs are therefore one of the 
most promising compounds for the preparation of func-
tional liposomes. Taking the advantages of LPs into ac-
count, we have tried to prepare liposomes modified with 
LPs, using a SCRPE method, to increase the entrapment 
effi ciency for bovine serum albumin（BSA）as a model drug 
substance. Investigation of the effects of LPs on the physi-
cochemical membrane properties is another important ob-
jective of this study. Physiological phenomena occur not 
only by reactions between molecules, but also as a result of 
the infl uence of the biophysical environment. 

In this study, we successfully made stable liposomes 
modifi ed with LPs using the SCRPE method. We achieved 

a BSA-entrapment efficiency eight times that achieved 
with non-LP liposomes prepared by the traditional Bang-
ham method. The stability was also signifi cantly improved, 
especially as a result of polyethylene glycol（PEG）modifi ca-
tion. 

2  EXPERIMENTAL PROCEDURES
2.1  Materials

L-α-Dipalmitoylphosphatidylcholine（DPPC, 99.6％ 
pure）and N-（carbonylmethoxypolyethylene glycol）-sn-
glycero-3-phosphoethanolamine sodium salt（DSPE-
PEG2000）were gifted by the NOF Co.（Tokyo, Japan）. Eth-
anol（99.8％ pure）, used as the co-solvent, and cholesterol
（Chol）were purchased from Wako Pure Chemical Indus-
tries Ltd.（Osaka, Japan）. Bovine serum albumin（BSA, 
98.0％ pure, Wako Pure Chemical Industries, Ltd., Osaka, 
Japan）was used to examine the trapping effi ciency of the 
liposomes. Phosphate buffer saline（PBS, Wako Pure Chem-
ical Industries, Ltd., Osaka, Japan）was used as the solvent. 

LPs with arginine（Arg）as a cationic binder for BSA were 
synthesized by Fmoc（9-fluorenylmethyloxycarbonyl 
group）solid-phase synthesis using an automatic peptide 
synthesizer（PSSM8, Shimadzu Co., Kyoto, Japan）（Fig. 1）12）. 
C16-Arg1 and C16-Arg2（conjugated C16 alkyl chains and one 
or two arginines）were synthesized by this process and 
used to modify DPPC liposomes and as a binder for captur-
ing BSA. The LP synthesis was performed as follows: 68.0 
mg of TGS-RAM（Shimadzu Co., Kyoto, Japan）resin were 
used; each reagent was added to the resin in turn14, 15）, and, 
fi nally, the LP was obtained in 60-70％ yield. 

2.2  Liposome preparation by the SCRPE method
Figure 2 shows a schematic diagram of the experimental 

apparatus for the SCRPE method, as reported previous-
ly10）. DPPC, cholesterol, LP, and ethanol（7 wt％ against 
CO2）were sealed in the cell, and then CO2 was introduced 
into the cell. The cell temperature was then raised to 45℃, 

Fig. 1　Synthetic route of the LP using Fmoc-solid phase method.
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a temperature higher than the phase-transition tempera-
ture（41℃）of DPPC; the pressure was kept at 200 bar. Af-
ter equilibrating for several tens of minutes, a BSA/PBS so-
lution（3.0 mg/mL）, used as the water-soluble model drug 
substance to be entrapped, was slowly（1.0 mL/min）intro-
duced into the cell by an HPLC pump until the desired 
amount of solution was charged. The pressure was then re-
duced to release CO2, thereby giving a homogeneous lipo-
somal suspension. The interior of the pressure cell was 
stirred with a magnetic stirring tip during the experiments. 

2.3  Liposome preparation by the Bangham method
The Bangham method was adopted as the conventional 

method used to compare the entrapping effi ciency of lipo-
somes prepared by the SCRPE method. DPPC, cholesterol, 
and LP were dissolved in a 1/1 chloroform/methanol solu-
tion in a test tube. The solvent was then removed by blow-
ing nitrogen gas into the test tube, and the residual solvent 
was further dried overnight in vacuo at room temperature 
to give a thin lipid fi lm on the wall of the test tube. BSA so-
lution（3.0 mg/mL）was added to the lipid fi lm, and the con-
tents of the test tube were warmed to 40℃ for 10 min. The 
test tube was then shaken vigorously on a vortex mixer to 
yield multilamellar vesicles（MLV）. The vesicles thus ob-
tained were sonicated（CS-20, Shibata Scientifi c Technolo-
gy Ltd., Saitama, Japan）for 5 min. 

2.4  Incorporation of LP into liposomes 
Liposomes（20 mM）modifi ed with 5 mol％ C16-Arg1 were 

charged onto a gel-filtration column（SepharoseTM CL-4B, 
GL Science Inc., Tokyo, Japan）. PBS was used as the mo-
bile phase. Fractions of about 800 μL were collected and 
TritonX-100 was added to disintegrate the liposomes. The 

amounts of LP in the solutions were determined by the fl u-
orescence of the tryptophan residue in the LP molecule by 
spectrofl uorometry（RF-5300PC, Shimadzu Co., Kyoto, Ja-
pan）. 

2.5  Entrapping effi ciency 
The BSA-entrapping effi ciency measurements were per-

formed by placing the liposomal suspension on a gel-fi ltra-
tion column（mobile phase: PBS）. Fractions of about 800 
μL were collected and tested with a protein rapid assay kit
（Wako Pure Chemical Industries, Ltd., Osaka, Japan）; the 
total volume of the fractions collected was 3 mL. The solu-
tions were analyzed by the pyrogallol red method using a 
spectrophotometer（U-3310, Hitachi High-Technologies 
Co., Tokyo, Japan）

2.6  Measurement of retention effi ciency
To determine the stability of the liposomes, the BSA-re-

tention efficiency of the liposomes was measured. After 
preparation of the liposomes using the SCRPE method, a 
liposomal suspension was stored at 25℃ and then placed 
on a gel-fi ltration column in optional time. The liposomal 
fraction was added to a protein rapid assay kit and mea-
sured by a spectrophotometer（502 nm）. 

2.7   Transmission electron microscope observations of 
liposomes

A liposomal suspension was quickly frozen in liquid pro-
pane using a cryo-preparation apparatus（Leica EM CPC, 
Leica Co., Tokyo, Japan）. The frozen sample was fractured 
in a freeze-replicating apparatus（FR-7000A, Hitachi High-
Technologies Co., Tokyo, Japan）at －160℃. The fractured 
surface was replicated by evaporating platinum at an angle 
of 45°, followed by carbon evaporation at a normal inci-
dence to strengthen the replica. The sample was then 
placed on a 400-mesh copper grid, after washing with ace-
tone and water, and observed under a transmission elec-
tron microscope（TEM）（H-7650, Hitachi High-Technologies 
Co., Tokyo, Japan）

2.8   Measurement of particle size distribution of liposomes
The particle size distribution of the liposomes was mea-

sured by dynamic light scattering（DLS, Nicomp 380ZLS, 
Agilent Technologies, Tokyo, Japan）using an argon laser
（532 nm）. 

2.9  Thermal analysis
Thermal analysis was conducted with a differential scan-

ning calorimeter（DSC 8230, Rigaku Co., Tokyo, Japan）. 
The scanning rate was 1℃/min, and pure water was used 
as a reference. A stainless steel pan was used as the sample 
vessel. The weights of the sample and reference were 10 
mg. 

Fig. 2　 Apparatus for preparation of liposome by 
SCRPE method
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2.10  Small angle X-ray scattering（SAXS）measurements
SAXS experiments were carried out using a SAXSess 

camera（Anton-Paar Co., Ltd., Graz, Austria）and a PW3830 
X-ray generator（PANalytical Ltd., Almelo, Netherlands）, 
operated at 40 kV and 50 mA. All samples were placed in a 
thin quartz capillary and set in a sample holder unit which 
controlled the temperature with an accuracy of 0.1℃
（TCS120, Anton-Paar Co., Ltd., Graz, Austria）. An imaging 
plate was used to record the scattering data and the data 
were read by a cyclone storage phosphor system（Perkin-
Elmer Co., Ltd., Waltham, MA, USA）. 

3  RESULTS AND DISCUSSION
3.1  Incorporation of LP into liposomes

Figure 3 shows the gel-fi ltration chromatogram of lipo-
somes modifi ed with LP（DPPC/C16-Arg＝95/5 molar ratio）, 
detected by the fl uorescence chromophore of the trypto-
phan residue in the LP molecule; the liposomes were pre-
pared by the SCRPE method. As shown in Fig. 3, most of 
the LP used for modifi cation of the liposomes was incorpo-
rated into the liposomes; the incorporation ratio was ca. 
90％. In a previous paper, another type of LP was incorpo-
rated in good yield（90％）into liposomes prepared by the 
Bangham method12）. These results suggest that LPs are 
compatible with DPPC liposomes regardless of the prepa-
ration method. 

3.2  Comparison of BSA-entrapping effi ciencies
3.2.1  Modifi cation of liposomes by cationic LPs 

To enhance the BSA-entrapping efficiency, LPs with a 

strong cationic group on the Arg moiety were used as BSA 
binders. Table 1 shows the effects of incorporation of cat-
ionic LPs into liposomes prepared by the Bangham meth-
od. Liposomes modifi ed with 5 mol％ C16-Arg1 signifi cantly 
increased the entrapping effi ciency, giving an effi ciency six 
times that obtained with non-modifi ed liposomes. Modifi ca-
tion with 5 mol％ C16-Arg2（peptide＝Arg-Arg）showed a 
slight increase in BSA-entrapment efficiency because of 
the enhanced cationic properties. As the isoelectric point
（pI）of BSA in water is 4.9, BSA has a negative charge un-
der the entrapment conditions. BSA could therefore form a 
complex with the cationic LP, resulting in improved entrap-
ment effi ciency16）. Incorporation of DSPE-PEG2000 into li-
posomes by the Bangham method might not show any in-
cremental effect. 
3.2.2  Effects of liposome preparation process

Incorporation of BSA into non-modifi ed liposomes pre-
pared by the SCRPE method was 20％, which was four 
times the incorporation achieved with the Bangham meth-
od（Table 1）. Only slight increases in the entrapping effi-
ciency were obtained by modifi cation with cationic LPs of 
the SCRPE liposomes, although the entrapping effi ciencies 
were much higher than those for liposomes prepared by 
the Bangham method for each type of LP incorporated. FF-
TEM images of liposomes prepared by the SCRPE method 
show the formation of large unilamellar vesicles（LUV）（Fig. 
4）. In contrast, liposomes prepared by the Bangham meth-
od form multilamellar vesicles, as expected（no TEM pho-
tograph shown）. This structural difference could be related 
to the higher entrapping effi ciency of liposomes prepared 
by the SCRPE method11）. The entrapping effi ciency of lipo-
somes modifi ed with C16-Arg1 was about 200％ higher than 
that of non-modified liposomes prepared by the SCRPE 
method. Modification with C16-Arg2（peptide＝Arg-Arg）
showed a further increase in BSA-entrapment efficiency 
because of the enhanced cationic properties. Unlike the 
case for the Bangham method, addition of DSPE-PEG2000 
to the liposomes slightly increased the entrapping effi cien-

Fig. 3　 Gel filtration chromatogram. ( ● ) 20 mM 
liposome modified with 5 mol% C16-Arg1 
(DPPC/LP=95/5 molar ratio) prepared with 
SCRPE method, Tryptophan residue in LP 
was detected by fluorescence spectrometer 
(Ex:280 nm, Em:340 nm). Incorporation ratio 
was calculated to be weight conversion from 
standard curve of LP.  

Table 1　 Entrapping efficiency of BSA according to 
addition of LP and DSPE-PEG2000.

Entrapment effi ciency (%)

Bangham SCRPE

Non-modifi ed
(DPPC/Chol=70/30)

5 20

C16-Arg1
(DPPC/Chol/C16-Arg1=65/30/5)

32 48

C16-Arg2
(DPPC/Chol/C16-Arg2=65/30/5)

37 68

C16-Arg2/PEG
(DPPC/Chol/C16-Arg2/

DSPEPEG2000=60/30/5/5)
32 73
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cy, along with a reduction in particle size distribution, as 
shown in Fig. 4. The SCRPE method generates liposomes 
from a scCO2/W emulsion10, 11）by phase inversion under CO2 
purging. Thus the improvement in the entrapping effi cien-
cy and the reduction in particle size can be attributed to 
DSPE-PEG2000 behaving as a surfactant during the scCO2/
W emulsifi cation17, 18）. 

These results suggest that SCRPE is a useful method for 
liposome preparation because it produces organic-solvent-
free liposomes in a single-step process. Furthermore, by 
using DSPE-PEG2000, the liposome particle size can be 
controlled. 

3.3  Stabilization of LP liposomes
Liposome stability was evaluated by measuring the BSA-

retention effi ciency at 25℃. As shown in Fig. 5, liposomes 
prepared by the Bangham method and modifi ed with C16-
Arg1 showed insuffi cient stability as complete release was 
found after 48 h. The SCRPE method improved the stabili-
ty, and the entrapment efficiency remained constant at 
60％ up to 48 h. Incorporation of DSPE-PEG2000 dramati-
cally improved the long-term stability, as shown in Fig. 5. 

A combination of LP modifi cation, the SCRPE process, 
and incorporation of a PEG-modified phospholipid with 
cholesterol brought us satisfactorily close to the goal of the 
study, with a BSA-entrapment effi ciency of up to 70％ and 
a release stability which was constant at 90％ for over 40 h 
being achieved. These are promising indications that the 
approach used in this study could lead to the development 
of novel DDS for many applications. In order to achieve the 
final goal, we performed physicochemical analyses to de-

termine the effects of LP modifi cation on the structure and 
properties of the liposome membranes. 

3.4   Physicochemical characterization of liposomes 
modifi ed with LPs

The physicochemical membrane properties of liposomes 
modified with LPs were investigated by DSC and SAXS. 
Figure 6 shows the thermal analysis data for LP-modifi ed 
liposomes prepared by the SCRPE method. In the case of 
DPPC-liposomes, there were hardly any differences be-

Fig.4　 FF-TEM micrograph and size distributions by 
DLS of liposome.
(A); DPPC/Chol/C16-Arg1=65/30/5 molar ratio 
(B); DPPC/Chol/C16-Arg1/DSPE-PEG2000 
=60/30/5/5 molar ratio Liposomes were prepared 
with SCRPE method.

Fig. 5　 Measurement of retention efficiency of BSA 
entrapped to the liposome at 25 °C.
(●) SCRPE, DPPC/Chol/C16-Arg1/DSPE-
PEG2000 =60/30/5/5 (in mol),
(■) SCRPE, DPPC/Chol/C16-Arg1=65/30/5 
(in mol), (▲) Bangham, DPPC/Chol/C16-
Arg1=65/30/5 (in mol). Lipid concentration of 
all liposomes is 5 mM.

Fig. 6　 Effect of modifi cation ratio of LP into liposome 
in DSC heating curve; heating rate was 1°C/min 
and temperature range was from 25 to 60°C. 
Liposomes were prepared with SCRPE method.
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tween the DSC charts of those prepared by the SCRPE 
method and those prepared by the Bangham method11）. In 
increasing the LP modification ratio, the peak indicating 
the phase-transition temperature shifted toward a higher 
temperature. The peak temperatures for liposomes modi-
fied with 5 mol％ and 10 mol％ C16-Arg1 were about the 
same, but the latter showed some broadening. This result 
suggests that increasing the LP modifi cation ratio perturbs 
the uniformity of the lamellar phase. 

Figure 7 shows the SAXS measurement data for LP-
modifi ed liposomes prepared by the Bangham method. The 
absence of peaks at high q values indicates the molten 
state of the acyl chains19）. At low q values, non-modifi ed li-
posomes and those modifi ed with 1 mol％ C16-Arg1 showed 
lamellar body patterns（multilamellar vesicles）. As was the 
case for the DSC measurements, the scattering patterns 
for liposomes modifi ed with 5 mol％ and 10 mol％ C16-Arg1 
were similar, with a broadening which indicated the forma-
tion of unilamellar vesicles. As liposomes prepared by the 
SCRPE method always forms unilamellar liposomes, as 
shown in Fig. 4, SAXS analysis of the structural changes 
were not conducted here. However, spontaneous formation 
of unilamellar vesicle structures under controlled condi-
tions is a characteristic feature of the SCRPE method, and 
this could be the key to the development of effi cient and 
stable LP-modifi ed liposomes as desirable DDS carrier. 

4  CONCLUSIONS
Improvements in the stability of liposomes and in their 

entrapment efficiency for a model drug molecule are 
achieved by modifi cation with LPs and use of the SCRPE 
method as the preparation process. The ionic interactions 
of cationic LPs with arginine residues increased the BSA-
entrapment efficiency to six times that of liposomes pre-
pared by the Bangham method. Use of the SCRPE method, 

along with LP modifi cation, further enhanced entrapment 
and enabled spontaneous formation of unilamellar lipo-
somes with long-term stability. Liposomes consisting of 
DPPC/Chol/C16-Arg2/DSPE-PEG2000（60/30/5/5）showed a 
BSA-entrapment efficiency of up to 70％ and stability at 
the 90％ level for over 40 h. DSC and SAXS analyses indi-
cated that certain amounts of LP in the DPPC induced 
phase-transitional and structural changes in the lamellar 
membranes; these changes improved the performance of 
the liposomes as DDS carriers. 

The SCRPE method provides organic-solvent-free lipo-
somes; the LPs for the modifi cation of the liposome are de-
rivatives of amino acids and fatty acids, which are sustain-
able and biocompatible materials. This study therefore 
suggests an opportunity for the development of novel DDS 
carriers with excellent performance and which address en-
vironmental concerns. 

References
1） Andresen, T. L.; Jensen, S. S.; Jorgensen K. Advanced 

strategies in liposomal cancer therapy: problems and 
prospects of active and tumor specific drug release. 
Prog. Lipid Res. 44, 68-97（2005）. 

2） Pardeike, J.; Hommoss, R.; Muller, H. Lipid nanoparti-
cles（SLN, NLC）in cosmetic and pharmaceutical der-
mal products. Int. J. Pharma. 366, 170-184（2009）. 

3） Taylor, T. M.; Davidson, P. M.; Bruce, B. D.; Weiss, J. 
Liposomal nanocapsules in food science and agricul-
ture. Crit. Rev. Food Sci. Nutr. 45, 587-605（2005）. 

4） Bangham, A. D.; Standish, M. M.; Watkins, J. C. Diffu-
sion of univalent ions across the lamellae of swollen 
phospholipids. J. Mol. Biol. 13, 238-252（1965）. 

5） Deamer, D.; Bangham, A. D. Large volume liposomes 
by an ether vaporization method. Biochim. Biophys. 
Acta 443, 629-634（1976）. 

6） Gregoriadis, G. in Liposome preparation and related 
techniques. 2nd ed.（Boca Raton, F. L. ed. ）Vol. 1, CRC 
Press, pp. 1-63（1993）. 

7） Watwe, M.; Bellare, J. R. Manufacture of liposomes a 
review. Curr. Sci. 68, 715-724（1995）. 

8） Szoka, F.; Papahadjopoulos, D. Procedure for prepara-
tion of liposomes with large internal aqueous space 
and high capture by reverse-phase evaporation. Proc. 
Natl. Acad. Sci. 75, 4194-4198（1978）. 

9） Batzri, S.; Korn, E. D. Single bilayer liposomes pre-
pared without sonication. Biochim. Biophys. Acta 
298, 1015-1019（1973）. 

10） Otake, K.; Imura, T.; Sakai, H.; Abe, M. Development 
of a new preparation method of liposomes using su-
percritical carbon dioxide. Langmuir 17, 3898-3901
（2001）. 

11） Otake, K.; Shimomura, T.; Goto, T.; Imura, T.; Furuya, 

Fig. 7　 Effect of the modification ratio of LP on 
nanostructure of liposome by SAXS. All data 
were measured at 25°C for 1h. Liposomes were 
prepared with Bangham method.



Preparation of Liposomes Modifi ed with Lipopeptides

J. Oleo Sci. 60, (5) 209-215 (2011)

215

T.; Yoda, S.; Takebayashi, Y.; Sakai, H.; Abe, M. Prepa-
ration of liposomes using an improved supercritical re-
verse phase evaporation method. Langmuir 22, 
2543-2550（2006）. 

12） Yagi, N.; Yano, Y.; Hatanaka, K.; Yokoyama, Y.; Okuno, H. 
Bioorg. Synthesis and evaluation of a novel lipid-pep-
tide conjugate for functionalized liposome. Med. 
Chem. Lett. 17, 2590-2593（2007）. 

13） Shirakawa, M.; Yamamto, T.; Nakai, K.; Aburai, K.; 
Kawatobi, S.; Tsurubuchi, T.; Yamamoto, Y.; Yokoyama, 
Y.; Okuno, H.; Matsumura, A. Synthesis and evaluation 
of a novel liposome containing BPA-peptide conjugate 
for BNCT. Appl., Radiat., Isot. 67, 88-90（2009）. 

14） Carpino, L. A.; Han, G. Y. 9-Fluorenylmethoxycarbonyl 
amino-protecting group. J. Org. Chem. 37, 3404–3409
（1972）. 

15） Atherton, E.; Fox, H.; Harkiss, D.; Logan, C. J.; Shep-
pard, R. C.; Williams, B. J. A mild procedure for solid 
phase peptide synthesis: use of fl uorenylmethoxycar-

bonylamino-acids. J. Chem. Soc, Chem. Comm. 537–
539（1978）. 

16） Arakawa, T.; Ejima, D.; Tsumoto, K.; Obeyama, N.; 
Tanaka, Y.; Kita, Y.; Timasheff, S. N. Suppression of 
protein interactions by arginine: a proposed mecha-
nism of arginine effects. Biophys. Chem. 127, 1-8
（2007）. 

17） Brunner, J.; Skrabal, P.; Hauser, H. Single bilayer vesi-
cles prepared without sonication physico-chemical 
properties. Biochim. Biophys. Acta 455, 322-331
（1976）. 

18） Forgiarini, A.; Esquena, J.; González, C.; Solans, C. 
Formation and stability of nanoemulsions in mixed 
nonionic surfactant systems. Progr. Colloid Polym. 
Sci. 118, 184-189（2001）. 

19） FruÈhwirth, T.; Fritz, G.; Freiberger, N.; Glatter, O. 
Structure and order in lamellar phases determined by 
small-angle scattering. J. Appl. Cryst. 37, 703-710
（2004）. 


