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Abstract: In cosmetics, the saturated lecithin, one of the main surfactants to prepare liposome has been used for its stability
but it has been substituting with unsaturated lecithin which has excellent skin affinity and penetration property. So we
studied to prepare nano-liposome that size of particles were below than 50 nm by unsaturated lecithin. It was important that
many factors including solvent such as propylene glycol, pH balance, homogenizing pressure, various cosurfactants and
stabilizers to make stable nano-liposome. In our experimental conditions, cosurfactants with stearate class as lipophilic part
were more suitable than others for our purpose. But in liposome by saturated lecithin, cosurfactants had negative effect and
appropriate amount of oil should be used to be stable. These results indicated that unsaturated lecithin were more suitable
than saturated lecithin to prepare nano-liposome.
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1. Introduction They are excellent formulations as a cosmetic active
carriers, owing to their biocompatibility, skin penetra-
Nowadays many products using nano-technology tion property and ability to entrap hydrophilic and
have been released and nano-technology would be lipophilic drugs[7]. In general, lecithin as a main sur-
more prospected in all kinds of industries especially factant to prepare liposome have been used animal
cosmetic manufacturing and ingredient fields. Recently (egg yolk) or vegetable (soy bean) origin. While the
cosmetical nano-technology is called to nanosome techn- animal phospholipids basically contain saturated fatty
ology such as liposome, niosome, cubosome, solid Lipid acids, phospholipids from soy beans primarily contain
nanoparticle (SLN), polymeric micelle, nano-emulsion unsaturated fatty acids (e.g. linoleic acid). This unsat-
and others for delivery or stabilizing system[1-6]. Among urated lecithin makes them relatively fluid and deform-
them, the liposomes are simple vesicles in which an able and this property is important for the penetration
aqueous volume is entirely enclosed by a membrane of the epidermal barrier. So we investigated to make
composed of lipid molecules such as phospholipids. nano-liposome using unsaturated lecithins which have
high compatibility and penetration property smaller than
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2. Materials and Methods

2.1. Materials

We used phosphatidylcholine as the main surfactant
system and applied various cosurfactants such as poly-
sorbate 20, polysorbate 40, polysorbate 60, polysorbate
80, PEG 20 Glycerylstearate, PEG 45 Stearate and tri-
ceteareth-4 phosphate/lecithin/vitis vinifera, etc. Also
we employed various stabilizing agents and oils such
as ceramide 3, cholesterol, triethanolamine, macadamia
nut oil, caprylic capric triglyceride, mineral oil and
cyclomethicone. Propylene glycol and ethyl alcohol were
used as solvents to dissolve lecithin and methylparaben
was employed as the preservatives.

2.2. Methods

We prepared nano-liposome by general high-pressure
homogenization methods[8]. Coarse lipid suspension was
produced with homo mixer and then nano particles
were prepared with high-pressure homogenizer at 1,000
bar and 5 cycles. After samples were cooled to 30T,
they were measured particle size distributions with
curculation type laser particle size analyzer and photon
correlation spectroscopy (PCS) for larger size (over 100
nm) and smaller size (below 100 nm), respectively[9].
Transmission electron microscopy (TEM) was employed
to observe nano-shape of liposomes and long term sta—
bility was measured by visual observation and size anal-
ysis after 3 weeks and 6 weeks at 25°C, 427C, and 50C
[10,11]. Preparation process was shown the Scheme 1.

3. Results and Discussion

3.1. Experiments on Miscibility and Stability
of Unsaturated Lecithin

To confirm miscibility with solvents, we used ethyl
alcohol and propylene glycol and performed comparison
experiments on many kinds of stabilizing agents such
as triethanolamine, tocopheryl acetate and caprylic capric
triglyceride, etc. As a results, we confirmed that lipo-
somal stability could be increased a little by using of
oil soluble components such as tocopheryl acetate and
caprylic capric triglyceride. In addition propylene glycol
was more effective solvent than ethyl alcohol because
propylene glycol might increase the solubility of phos—
phatidylcholine (Figure 1). However, when only phos-
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Scheme 1. A Schematic diagram of the preparation pro-
cedure.
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Figure 1. The size distributions of unsaturated lecithin sta-
bilizing experiment (PC: phosphatidylcholine, TA: tocopheryl
acetate, CCT: caprylic capric triglyceride, PG: propylene
glycol).

phatidylcholine was used without any modification, there
were coalescence among the particles and formed
larger particles around 1 ym after preparation. There-
fore, we attempted to stabilize liposomal vesicles by
pH control to neutralize free fatty acids using trieth—
anolamine. As a results, the coalescence was not hap-
pened with 2.0% phosphatidylcholine after 1 day, but
was happened with 4.0% phosphatidylcholine. It seems
that pH neutralization was not significant condition to
stabilize unsaturated lecithins (Figure 2). So we used
triceteareth-4 phosphate/lecithin/vitis vinifera as mixture
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Figure 2. The size distributions of unsaturated lecithin
stabilizing experiment (TEA: triethanolamine).
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Figure 3. The size distributions of unsaturated lecithin
stabilizing experiment (TLV: triceteareth-4 phosphate/leci-
thin/vitis vinifera, PS-20: polysorbate 20, PS-60: poly-
sorbate 60, PS-80: polysorbate &0).

stabilizing agents and obtained satisfactory results. It
seems that surfactant component in mixture composi-
tion was significant cause. Therefore, we used cosur—
factants such as polysorbate 20, polysorbate 40 and
polysorbate 80 and then confirmed so excellent stabiliz—
ing properties (Figure 3).

3.2. Experiments on Stability of Nano-liposome

To prepare the stable nano-liposome which particle
size is below 50 nm, we performed comparing ex—
periments on many factors such as cosurfactants, sta-
bilizing agents, oils and saturated lecithin[12,13]. Ex-
perimental formulations were shown the Table 1.
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Figure 4. The size distributions of liposome stabilizing
experiments on cosurfactants.

Liposomal stability was tested on various cosurfactants
such as polysorbate 20, polysorbate 40, polysorbate 60,
polysorbate 80 and PEG 20 glycerylstearate as same
hydrophilic part and PEG 45 stearate as larger hydro-
philic part. As a results, generally each cosurfactants
were shown similar appearance except sample 1 and 3.
Especially the case of sample 4 appeared relatively fa-
vorable stahility and transparency after 6 weeks at 427C.
Even though not enough of a difference between each
cosurfactants, we found that stearate class composed
on the number of carbon 18 were more stable and mo-
lecular size of hydrophilic part was suitable to
approximately 20 mol (Figure 4). As the stabilizing
agents, we used ceramide 3 and cholesterol, but there
was no difference from sample 4. It seems that these
agents were not effective on this formulations but
maybe could be effective on more complex formulations
like industrial ones (Figure 5). Many kinds of oils such
as plant origin (macadamia nut oil), polar type {(caprylic
capric triglyceride), non-polar type (mineral oil), sili-
cone type (cyclomethicone) were tested to confirm
interaction of oils with unsaturated lecithins. With the
exception of cyclomethicone (sample 13), all of the
samples were shown opaque appearance and large
particle size. As a results, we supposed that application
of oils were cause of conversion into nano—-emulsions
and polar oils formed relatively small particles because
of more miscible compared with non-polar ones. The
case of cyclomethicone maybe formed thin layer between
lamellar membrane because of low molecular weight
and low interfacial tension itself (Figure 5). Trans-
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Table 1. The Formulations of Nano-liposome Stabilizing Experiments

Sample (wt%)
No. 1° No. 2~7° No. 8~ No. 10~13 No. 14° No. 15~16'

Phosphatidylcholine 4.0 40 40 40 40 -
Hydrogenated lecithin - - - - - 40
Propylene glycol 10.0 10.0 10.0 100 10.0 10.0
Triethanolamine 0.1 0.1 0.1 0.1 01 0.1
Methylparaben 0.2 0.2 0.2 0.2 0.2 0.2
Cosurfactant - 05 - - 05 0.5)
Stabilizer - - 0.2 - - -
Qil - - - 2.0 - -
Pure water a. s. to 100

# Control sample (without any experimental factors)

P Experimental factors on various cosurfactants (sample 2: polysorbate 20, sample 3: polysorbate 40, sample 4: polysorbate 60, sample 5:
polysorbate 80, sample 6: PEG 20 Glycerylstearate, sample 7 PEG 45 Stearate)

¢ Experimental factors on various stabilizers (sample 8 ceramide 3, sample 9: cholesterol)

4 Experimental factors on various oils (sample 10: macadamia nut oil, sample 11: caprylic capric triglyceride, sample 12: mineral cil, sample

13: cyclomethicone)

¢ Experimental factors on homogenization pressure (500 bar, 5 cycles, cosurfactant: polysorbate 60)
 Experimental factors on hydrogenated lecithin (sample 15 without cosurfactant, sample 16: with cosurfactant as polysorbate 60)
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Figure 5. The size distributions of liposome stahilizing
experiments on stabilizers and oils.

parency and particle size of sample 14 (homogenizing
pressure was 500 bar) were worse than that of sample
4 (homogenizing pressure was 1,000 bar). Particle size
of sample 14 was about twice bigger than sample 4.
As a results, we confirmed that homogenizing pressure
was one of the major factors for transparency and
particle size control. In case of using saturated lecithin,
particle size of sample 15 were smaller than sample 16
and transparency of sample 15 were better than sample
16. Both sample 15 and 16 were formed just a little
precipitation, but sample 16 was more (Figure 6).

etsbgEers], A 308 A 2 =, 2004

160

g immediately after preparation
BRI 25C (after 3 weeks)
BEEE 25T (after 6 weeks)
BEEEE 42°C (after 3 weeks)
EEEm 42°C (after 6 weeks)

_._~_.
8 8 &
N

Diameter (nm)
3

samp.i4 samp.l samp.15 samp.4 samp.16

Figure 6. The size distributions of liposome stabilizing
experiments on saturated lecithin.

Sample 1, 11, 15 were tested for stability at 50C after
4 weeks by measuring particle size. Particle size of
liposomes with unsaturated lecithin were grown more
bigger, but that of saturated lecithin did not change
after 4 weeks at high temperature condition (507C). It
seems that fluidity of unsaturated lecithin was in-
creased by high temperature because of double bond of
unsaturated fatty acid chains. And the case of satu-
rated lecithin had high transition temperature (higher
than 507C), so viscoelasticity of membrane was stronger
than that of unsaturated lecithin. (Figure 7). Through
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Figure 7. The size distributions of liposome stabilizing
experiments at high temperature.
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Figure 8. The TEM pictures of nano-liposome with unsat—

urated lecithin (left: sample 1, right: sample 4).

the TEM analysis, we confirmed that a number of
multi-lamellar liposomes were formed in formulation
without cosurfactants, but only mono-lamellar lipo-
somes were formed in case of formulations using
cosurfactants (Figure 8). The case of using saturated
lecithin was observed some particles of shape like rice
and we presumed that this appearance was caused by
relatively low miscibility on solvents. Therefore, it
maybe had more advantages to use unsaturated lecithin
than saturated lecithin for liposome stability (Figure 9).

4. Conclusions

In our study, we found that suitable solvents were
necessary to prepare of nano-liposome using unsatu-
rated lecithin. Aggregation was one of the major
problems when we used ethyl alcohol as a solvent, but
propylene glycol had good miscibility and stability on
unsaturated lecithin. Also stability of liposome could be

: 1000dm ",

Figure 9. The TEM pictures of nano-liposome with sat-
urated lecithin (left: sample 15, right: sample 16).

L.

increased by addition of base material like triethanola-
mine for neutralization or addition of amphiphilic cos-
urfactants. It was suitable molecular size of hydrophilic
part as approximately 20 mol of polyoxyethylene and
stearate class as lipophilic part for stable liposomal
preparation. To get smaller vesicular size and transpar-
ency, polar oil preferred to non-polar oil. Macadamia
nut oil, it has large molecular weight, formed bigger
vesicles than other oils. Because of the small molecular
weight and low surface tension of silicone oils, cyclo—
methicone formed smallest vesicles. Liposomes with
unsaturated lecithin were stabilized by cosurfactants,
but in case of saturated lecithin was unstable. Because
of the fluidity of liposomal lamellar membranes, cosur—
factants had influence on liposomal stability. Lamellar
membranes by unsaturated lecithin were more flexible
than that of saturated lecithin, so cosurfactants de-
creased on excess flexibility and then stability was
increased consequently. Through the TEM analysis, we
confirmed that it had more advantages to use unsat—
urated lecithin than saturated lecithin for liposome
stability. These results indicated that unsaturated lecithin
is more effective than saturated lecithin to prepare
nano-liposome.
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