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Abstract

We investigated the effect of the phase transition temperature (T) of phospholipid in liposomes on the stability
of incorporated retinol. Two kinds of phospholipid which have different T., L- « -dimyristoyl phosphatidyl cho-
line (DMPC, T.=22°C) and D,L- ¢ -dipalmitoyl phosphatidyl choline (DPPC, T.=42°C), were used to prepare
liposomes. Liposome with retinol was prepared as multilamella vesicles (MLVs) by the dehydration/rehydration
method. The incorporation efficiency of retinol into liposomes prepared from DMPC and DPPC were 99.89 +
0.08% and 99.97 +0.03, respectively. The average size of liposomes from DPPC were greater than that of DMPC.
Two kinds of liposomes in phosphate buffer (10 mM, pH 7.0) were stored at 15, 30, and 50°C, and stability
of incorporated retinol was analyzed. The stability of retinol in DMPC liposome was decreased, whereas the
stability in DPPC liposome was increased as temperature increased, although the overall protection effect of
liposome on the incorporated retinol was greater in DMPC liposomes than in DPPC liposomes.
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INTRODUCTION

Vitamin A is an essential nutrient that is important for
the proper function of a number of biological processes,
such as vision, reproduction, cellular growth and differ-
entiation, embryonic development, and immune response
(1). Vitamin A readily undergoes degradative reactions
that are characteristic of conjugated double-bond systems
that result in a decrease, or even a total loss of vitamin
activity. These reactions are generally localized in the
conjugated isoprenoid side chain and include isomeri-
zation to cis-isomers with reduced activity, molecular
fragmentation, and photochemical and chemical oxida-
tion. Such degradation reactions can reduce the available
vitamin activity of stored and processed foods by as much
as 50% (2).

Retinol, the most bioactive form of vitamin A, is a
fat-soluble compound that only occurs in animal tissue.
It is especially abundant in fish and mammalian liver,
milk fat, and egg yolks (3). Due to its hydrophobic char-
acter, retinol is usually found in a complex with lipid
droplets or micelles in foods (4).

Liposomes are simply vesicles in which an aqueous
volume is entirely enclosed by a membrane composed
of lipid molecules (usually phospholipids). These ves-
icles form spontaneously when phospholipids are dis-
persed in aqueous media, giving rise to a population of
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vesicles which may range in size from tens of nano me-
ters to tens of microns in diameter. These vesicles can
be constructed so that they entrap quantities of materials
both within their aqueous compartment and within the
membrane (5).

Retinol has also been viewed as an interesting mol-
ecule for encapsulation into liposomes. The delivery of
liposome-incorporated retinol to blood cells has been
studied (6). When high doses of retinol are delivered via
liposomes, there is reduced blood viscosity and cause
less lysis of red blood cells than from retinol that is not
complexed in liposomes. Liposomal all-trans retinoic acid
has been formulated for treatment of acute promyelocytic
leukemia (7,8). In a previous report (4), we demonstrated
that the stability of retinol is greatly increased when it
is incorporated into the multilamellar form of liposomes.

Phospholipids exist in different phases at different
temperatures. Phase transition of phospholipid in bilayers
of liposomes occurs with increasing temperature from
a tightly ordered gel or solid phase to a liquid-crystal
phase where the freedom of movement of individual
molecules is higher. The phase state of phospholipids
affect their packaging in a liposome, thus the permea-
bility and stability of the liposome is affected (9-13).
Each type of phospholipid has its own characteristic
phase transition temperature (T.). Therefore, the T. of
phospholipids must be consistent with the optimal work-
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ing temperature of the material to be incorporated into
the liposome. The objective of this work was to de-
termine the effect of T, in liposome on the stability of
incorporated retinol.

MATERIALS AND METHODS

Materials

All trans retinal acetate, L- ¢ -dimyristoyl phospha-
tidyl choline (Ci4.0, DMPC) and D,L- ¢ -dipalmitoyl phos-
phatidyl choline (Cis0, DPPC) were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). All other
chemicals and reagents were of analytical grade.

Preparation of liposomes containing retinol

Liposomes containing retinol were prepared by the
dehydration/rehydration method (4) with slight modifi-
cation. A 100 mg quantity of DMPC or DPPC, 1.0 mg
of retinol, and 15 mL of chloroform/methanol (2:1) were
put into a 50 mL round-bottomed flask. The solvent was
evaporated on a rotary evaporator (at 30°C) to deposit
a dry lipid film on the wall of the flask. The flask was
removed from the evaporator and 15 mL of 10 mM gly-
cine buffer (pH 9.0, containing 0.115 M NaCl) and 0.5
g of glass beads were added to assist hydration of the
lipids. The solution was then mixed on the rotary evap-
orator (without vacuum) to hydrate the lipids to form
multilamellar vesicles (MLVs). The solution was cen-
trifuged for 1 hr at 80,000 X g (Hitachi Preparative Ul-
tracentrifuge, SCP 55H, Hitachi Koki Co. Ltd., Japan),
the supernatant removed, and the pellet was washed with
15 mL of 10 mM potassium phosphate buffer (pH 7.0)
and centrifuged again for 1 hr at 80,000 X g. The su-
pernatant was again removed and the liposome pellet
containing retinol diluted with 15 mL of 10 mM potas-
sium phosphate buffer (pH 7.0) (4).

Particle size measurement

Mean size of the liposomes in the aqueous dispersions
was measured with a particle size analyzer (LS230 Small
Volume Module, Coulter Co., USA).

Incorporation efficiency of retinol into liposomes

Incorporation efficiency of retinol was calculated for
liposome suspension preparation. Unincorporated retinol
was separated by centrifugation at 80,000 X g for 1 hr
at 4°C. Retinol in supernatant and in the suspension was
determined by a colorimetric assay (14). The incorpo-
ration efficiency was calculated and expressed at the
percentage of retinol incorporated into liposomes.

Analytical methods
Retinol in liposomes was analyzed using a colorim-
etric assay (14). In summary, 0.15 mL of liposome so-

lution containing retinol was mixed with 0.45 mL of a
chloroform/methanol solvent mixture (2:1, v/v). The mix-
ture was centrifuged for 3 min at 4,220Xg. A 0.1 mL
aliquot of the organic solvent layer was then transferred
to the test tube and 1 mL of a 20% SbCl; solution was
added and the absorbance at 620 nm was measured im-
mediately. Concentration of retinol was determined by
comparison of the sample absorbance with a standard
curve prepared using pure retinol.

Stability testing of liposomes during storage

Two hundred pL aliquots of the retinol solutions con-
taining 0.5 mg/mL retinol were placed in 1.5 mL glass
vials and saturated with oxygen against the atmosphere
for two hours in the dark. Vials were wrapped with
aluminum foil and vials stored at 15°C, 30°C, and 50°C.

RESULTS AND DISCUSSION

Incorporation efficiency of retinol and particle sizes
into liposomes

Two kinds of phospholipid (DMPC, Ci40, Tc=22°C;
and DPPC, Cie0, T.=42°C) which differ in chain length
and phase transition temperature were used to prepare
liposomes. Retinol was incorporated into multilamellar
liposomes that were composed of DMPC or DPPC at
a ratio of 0.01 retinol to 1 phospholipid (wt/wt) at pH
7.0.

The incorporation efficiency of retinol into liposomes
of DMPC or DPPC was 99.89£0.08% or 99.97+0.03%,
respectively, when retinol was added to lipid at a ratio
of 0.01 (wt/wt) retinol to phospholipid (Table 1). In our
previous study (4), incorporation efficiency of retinol
into liposome composed of soybean phosphatidyl choline
was 98.58 0.61% under the same conditions. Though
there were some differences in chain length between
DPPC (Ci60) and DMPC (C4y), and in the saturation
degree of between DPPC and DMPC (saturated acyl
chain) and soybean phosphatidyl choline (high portion
of unsaturated acyl chains), it is difficult to find sig-
nificant differences in the incorporation of retinol into
types of liposomes. However, as shown in Fig. 1, the
mean size of liposomes composed of DMPC and DPPC
were 7.41 pm and 94.03 um, respectively. Liposome size

Table 1. Incorporation efficiency of retinol into liposomes pre-
pared with DMPC or DPPC"

Phospholipid Incorporation efficiency (%)?
DMPC 99.97+0.03
DPPC 99.89+0.08

"DMPC and DPPC mean L- ¢ -dimyristoyl phosphatidyl choline
and D,L- ¢ -dipalmitoyl phosphatidyl choline, respectively.
“Mean * standard deviation of triplicate measurements.
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Fig. 1. Size distribution of retinol incorporated in liposome.
Liposomes composed of DMPC (e) or DPPC (::) were pre-
pared at a ratio of 0.01 g retinol to 1 g phospholipid and the
mixture was hydrated at pH 7.0. DMPC and DPPC mean L- ¢ -
dimyristoyl phosphatidyl choline and D,L- ¢ -dipalmitoyl phos-
phatidyl choline, respectively.

increased with increasing chain length, suggesting that
the chain length may affect the intrinsic curvature of the
sphere (15). The longer chain of the DPPC increased
the mean size of liposomes by more than 10 times than
DMPC.

Large unilamellar vesicles (LUVs) can entrap much
more aqueous phase than small unilamellar vesicles
(SUVs). This would be expected since the surface area
increases greatly as particle radius decreases. This means
that for small vesicles, a larger proportion of the lip-
osome must be devoted to surface cover {phospholipid)
than would be required for large particles. In MLV sy-
stems, incorporation efficiency of active materials is de-
pendent upon the amount of lipid in the vesicle and is
independent of size (16). Upon hydration, the lipids are
said to swell, and peel off the support in sheets, generally
to form MLV. In MLVs, the aqueous volume enclosed
within the lipid membrane is usually 5~ 10% of the total
volume used for swelling (5). The MLV preparation meth-

od, therefore, very wasteful of water soluble compounds
to be entrapped, although the absolute yield of material
may be satisfactory for practical purposes. However,
lipid soluble compounds can be incorporated into the
bilayer phase of the liposomes (17). The size range is
a compromise between incorporation efficiency of lipo-
somes (increase with increasing size), liposome stability
(decreases with increasing size) and ability to extravasate
(decrease with increasing size) (18). In this study, though
the size of liposome of DPPC was greater than that of
DMPC, the amount of incorporated retinol into liposome
was almost equal.

Stability of incorporated retinol into liposome

Retinol solutions at 0.5 mg/mL were prepared in pH
7.0 phosphate buffer. The solutions containing retinol in
MLV liposomes were prepated from DMPC or DPPC.
These solutions were stored at three different tem-
peratures (15°C, 30°C, and 50°C). The time course of
retinol degradation was monitored for ten days and the
results are plotted as % retinol remaining versus time
(Fig. 2).

The stability of retinol in DMPC liposome was better
maintained than in DPPC liposome regardless with tem-
perature. At 15°C, where both DMPC and DPPC are in
tightly ordered gel or solid phase, retinol in DMPC lip-
osomes degraded very slowly during storage in the dark
with over 94% remaining after ten days (Fig. 2(A)).
Retinol in DPPC liposomes degraded faster than in re-
tinol with over 13% remaining after ten days. Free re-
tinol, in our previous report (4), degraded rapidly under
the same storage conditions, with only about 10% re-
maining after one day of storage. After storage at 30°C,
which is higher than the T. of DMPC but below the
T. of DPPC, the protection effect was increased in DPPC
liposome while decreased slightly in DMPC liposome
(Fig. 2(B)) compared to storage at 4°C. After ten days
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Fig. 2. Stability of retinol in 10 mM phosphate buffer (pH 7.0); the percent retinol remaining plotted as a function of storage
time. Buffers containing retinol in multilamellar liposomes were stored at (A) 15°C, (B) 30°C, and (C) 50°C. Liposomes were
prepared with DMPC (m) or DPPC (a). DMPC and DPPC represent L- ¢ -dimyristoyl phosphatidyl choline and D,L- ¢ -dipalmitoyl

phosphatidyl choline, respectively.



238 Kyung-Eun Lee et al.

of storage at 30°C, the retinol remaining in DMPC and
DPPC liposome was 88.5% and 38.3%, respectively. In-
corporation into liposomes also decreased the rate of
retinol degradation at 50°C, which is above the Tc of
both DMPC and DPPC (Fig. 2(C)); after one day of
storage, free retinol in solution was completely degraded
under the same conditions (4) while only 1.42% or 13.93%
of the retinol in DMPC or DPPC liposomes was de-
graded, respectively.

In the case of retinol in soybean phosphatidyl choline
MLVs, the protective effect of liposomes was greater
at low temperatures than at high temperatures (4). The
multilamellar liposomes made from soybean phospha-
tidyl choline are primarily in the solid gel phase at low
temperature (T.=26.5°C) (19). These results, when ra-
tionalized in terms of the effect of temperature on the
physical state and structure of the liposome, suggest that
solid, gel phase lipids provide the greatest protection
against retinol degradation. However, in the present re-
sults, retinol incorporation into DMPC liposomes de-
creased the stability while that in DPPC liposome in-
creased as increasing temperature, although the overall
protection effect of liposome on the incorporated retinol
was greater in DMPC liposomes than in DPPC lipo-
somes. This means temperature is not the only factor
in the structure of the liposomal bilayer. Detailed studies
of the effect of temperature on retinol degradation in
defined lipid bilayer systems with specific transition
temperatures are still needed.

ACKNOWLEDGEMENTS

This study was supported by Kyungnam University.

REFERENCES

1. De Luca LM. 1991. Retinoids and their receptors in dif-
ferentiation, embryogenesis, and neoplasia. FASEB J 5:
2924-2933.

2. Sauberlich HB. 1985. Bioavailability of vitamins. Amer-
ican Chemical Society, Washington DC. Prog Food Nutr
Sci 9: 1-33.

3. Bondi A, Sklan D. 1994. Vitamin A and carotene in ani-
mal nutrition. Prog Food Nutr 8: 165-191.

4, Lee SC, Yuk HG, Lee DH, Lee KE, Hwang YL, Ludescher
RD. 2002. Stabilization of retinol through incorporation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

into liposomes. J Biochem Mol Bio 35: 358-363.

. New RRC. 1994. Liposomes, a Practical Approach. IRL

Press, Oxford, England.

. Singh AK, Das J. 1998. Liposome encapsulated vitamin

A compounds exhibit greater stability and diminished tox-
icity. Biophys Chem 73: 155-162.

. Douer D, Estey E, Santillana S, Bennett JM, Lopez-

Bemnstein G, Boehm K, Williams T. 2001. Treatment of
newly diagnosed and relapsed acute promyelocytic leu-
kemia with intravenous liposomal all-trans retinoic acid.
Blood 97: 73-80.

. Estey E, Koller C, Cortes J, Reed P, Freireich E, Giles

F, Kantarjian H. 2001. Treatment of newly-diagnosed
acute promyelocytic leukemia with liposomal all-trans re-
tinoic acid. Leuk Lymphoma 42: 136-147.

. Papahadjopoulos D, Jacobson K, Nor S, Isac T. 1973.

Phase transitions in phospholipid vesicles fluorescence
polarization and permeability measurements concerning
the effect of temperature and cholesterol. Biochim Biophys
Acta 311: 330-348.

Blok MC, Van der Neut-Kok EC, Van Deenen LL, De
Gier J. 1975. The effect of chain length and lipid phase
transitions on the selective permeability properties of lip-
osomes. Biochim Biophys Acta 406: 187-196.

Marsh D, Watts A, Knowles PF. 1976. Evidence for phase
boundary lipid. Permeability of tempo-choline into di-
mytistoylphosphatidylcholine vesicles at the phase tran-
sition. Biochemistry 15: 3570-3578.

Bramhall J, Hofmann J, DeGuzman R, Montestruque S,
Schell R. 1987. Temperature dependence of membrane ion
conductance analyzed by using the amphiphilic anion 5/6-
carboxyfluorescein. Biochemistry 26: 6330-6340.
Langner M, Hui S. 2000. Effect of free fatty acids on
the permeability of 1,2-dimyristoyl-sn-glycero-3-phospha-
tidylcholine bilayer at the main phase transition. Biochim
Biophys Acta 1463: 439-447.

Subramanyam GB, Parrish DB. 1976. Colorimetric rea-
gents for determining vitamin A in feeds and foods. J
Assoc Anal Chem 59: 1125-1130.

Tate MW, Gruner SM. 1987. Lipid polymorphism of mix-
tures of dioleoylphosphatidylethanolamine and saturated
and monounsaturated phosphatidylcholines of various chain
lengths. Biochemistry 26: 231-236.

Reineccius GA. 1995. Liposomes for controlled release in
the food industry. In Encapsulation and Controlled Release
of Food Ingredients. ACS Symposium Series 590, Amer-
ican Chemical Society, Washington DC. p 113-131.

Rao LS. 1984. Preparation of liposomes on the industrial
scale: Problem and perspectives. In Liposome Technology
I. Gregoriadis G, ed. CRC Press, Boca Raton. p 247-257.
Dan DL. 1998. Novel applications of liposomes. Trend
in Biotechnology 16: 307-321.

Brody SS. 1982. Absorption and picosecond fluorescence
characteristics of chlorophyll vesicles as a function of
temperature. Zeitschrift fur Naturforschung 37: 260-267.

(Received July 25, 2003; Accepted September 8, 2003)



