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Nanoliposomes containing retinol were prepared, and the stability of the incorporated retinol was 
evaluated. Average particle size of nanoliposomes was 98 nm. Retinol was readily incorporated into 
nanoliposomes with incorporation efficiencies higher than 99%. The bare retinol in the buffer was 
almost degraded within 2 days of storage, while at least, over 20% of the initial retinol in nanoliposomes 
was kept until 8 days in all experimental conditions tested. The incorporated retinol in nanoliposomes 
was more rapidly degraded as temperature increases under both dark and UV light condition during the 
whole period of storage, and UV light slightly decreased the stability of retinol in nanoliposomes.  
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INTRODUCTION 
 
Vitamin A is one of the fat-soluble vitamins essential for 
vision, cellular differentiation, organ development during 
embryonic and fetal development, and membrane structure 
and function (Harold, 1975). Retinol, the most reduced 
form of the vitamin, satisfies requirements for all known 
functions of vitamin A.  Also, retinol, one of the essential 
micronutrients, is obtained mainly in form of preformed 
retinol from meat and provitamin A carotenoids, such as 
�-carotene from plant tissue. However, both preformed 
retinol and provitamin A are sensitive to air, oxidizing 
agents, ultraviolet (UV) light and low pH values (Eitenmiller 
et al., 1999; Christen, 2000). 

Liposome technology has significant potential to im-
prove formulation such as solubility, stability and tumor 
delivery-related issues that hinder the clinical advance-
ment of these novel camptothecins. Liposomes are 
hydrophilic vesicles consisting of one or more concentric 
bilayers enclosing aqueous compartments (Berrocal and 
Abeger, 1999; Keller, 2001). More recent liposome inves- 
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tigations mostly use small vesicles (50-150 nm in diameter) 
because this size range is a compromise among loading 
efficiency, stability and distribution in the organisms 
(Liand, 2004; Sulkoski et al., 2005). However, their physical 
and chemical instability during manufacturing and storage 
is a major obstacle that prevents many promising nanoli-
posomal candidates from moving from the experimental 
scale to the market (Zhang and Pawelchak, 2000). 

In previous study, we investigated the effect of choles-
terol and �-sitosterol in multilamellar vesicles (MLVs) on 
the kinetics of retinol degradation in aqueous buffers (Lee 
et al., 2005a; Lee et al., 2005b; Lee et al., 2008). It 
appears that the effect of cholesterol in MLVs on the 
stability of incorporated retinol was greater at lower 
temperatures, at neutral pH levels and in the dark. 
Therefore, the aim of this study is to determine the effect 
of nanoliposome on the stability of incorporated retinol 
under various conditions such as temperature, darkness 
and UV light. 
 
 
MATERIALS AND METHODS 
 
Materials   
 
All trans retinol, L-�-phosphatidylcholine (PC) isolated from soybeans 
were purchased from Sigma Chemical Co. (St. Louis, MO, USA). All 
other chemicals and reagents were of analytical grade or purer.   



 
 
 
 
Instruments  
 
Nanoliposome was collected by centrifugation so that the effects on 
the incorporation efficiency could be examined with a Hitachi 
preparative ultracentrifuge (SCP 55H, Hitachi Koki Co. Ltd., Japan).  
 
 
Preparation of liposomes containing retinol  
 
Liposomes were produced by the dehydration-rehydration procedure 
of Kirby and Gregoradis (1984) with slight modification. Retinol was 
added to phospholipid at a ratio of 0.01:1 (wt : wt) in a 50 ml round 
bottomed flask. Then the mixtures were dissolved in 13 ml of 
chloroform/methanol solvent mixture (2:1, v/v). The solvent was 
evaporated on a rotary evaporator (EYELA N-1000, Tokyo Rikakikai 
Co., Tokyo, Japan) at 30°C to deposit a dry lipid film on the wall of 
the flask. The flask was removed from the evaporator and residual 
solvent was removed under nitrogen stream at 4°C. 30 ml of 10 mM 
phosphate buffer (pH 7.0) (Lee et al., 2002) and 0.5 g of glass 
beads were added to assist hydration of the lipids. The solution was 
then mixed on the rotary evaporator (without vacuum) to form MLVs 
by hydrating the lipids. Next, the suspension was pressed with 
French Press (SLM-AMINCO, Spectronic Instruments, Inc. (New 
York, NY, USA)/ 20,000 psi cell) to reduce the size of MLVs (Lee et 
al., 2008) and then centrifuged for 1 h at 110,000 ×g. The 
supernatant was removed and the pellet was washed with 13 ml of 
the appropriate buffer (Masahiro et al., 2007). The size of the 
prepared liposomes was measured with a particle size analyzer 
(LS230 Small Volume Module, Coulter Co., USA).  
 
 
Analytical method  
 
Retinol in nanoliposomes or buffer was analyzed using a colori-
metric assay (Subramanyam and Parrish, 1976). The solution (0.15 
ml) of liposome containing retinol was mixed with 0.45 ml of a 
chloroform/methanol solvent mixture (2:1, v/v) and centrifuged for 3 
min at 4,200 ×g. A 0.1 ml aliquot of the organic solvent layer was 
transferred to the test tube and 1 ml of 20% SbCl3 solution was 
added successively. Then the absorbance of the solution was 
measured at 620 nm immediately by using a UV–VIS spectro-
photometer (UV 1601, Shimadzu, Japan). 
 
 
Stability of incorporated retinol in liposomes/buffers during 
storage  
 
The aliquot (0.2 ml) of the nanoliposome suspension of incur-
porated retinol was placed in glass vials and saturated with oxygen 
by equilibrating against the atmosphere for 2 h in the dark. Vials 
were wrapped in aluminum foil or treated with UV light and stored at 
various temperature (4, 25, 37 and 50°C) conditions under dark for 
10 days. Incorporation efficiency (IE) was calculated as follows: 
 
IE (%) = The amount of retinol incorporated in nanoliposomes × 
100/ The amount of total retinol  
 
 
RESULTS  
 
Incorporation of retinol into nanoliposomes 
 
MLVs liposomes into which retinol was incorporated were 
prepared by dehydration-rehydration method, and then 
nanoliposomes were successfully obtained by pressing 
MLVs with French press under neutral condition,  pH  7.0.  
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Table 1. The particle size of nanoliposomes containing retinol 
and incorporation efficiency of retinol into nanoliposomes. 
 

Mean size of liposome 
(nm) 

Incorporation efficiency  
(%)1 

98 ± 48 99.97 ± 0.01 
 

Retinol : phosphatidylcholine = 0.01:1(w/w). 
1Mean ± standard deviation of triplicate measurements. 

 
 
 
Mean size of nanoliposomes was 98 ± 48 nm (Table 1). 
In general, nanoliposomes with diameters of 100 nm are 
frequently used as a carrier in drug delivery systems due 
to their better distribution in the organisms (Sulkoski et 
al., 2005). Retinol was incorporated into the liposome 
bilayers. The incorporation efficiency of nanoliposomes 
was 99.97 ± 0.01% as shown in Table 1. This result 
indicates that retinol could be successfully incorporated 
into nano size of liposomes 
 
 
Stability of incorporated retinol of liposomes/buffer    
 
The effects of temperature and UV light on the stability of 
retinol incorporated into nanoliposomes were investigated. 
The time dependent degradation of the incorporated 
retinol into nanoliposomes in the aqueous solution was 
observed at various temperature ranges of 4, 25, 37 and 
50°C for 10 days. The results were plotted as percentage 
of the remaining retinol versus time. As shown in Figure 
1A, 89% of the initial retinol incorporated in nanoli-
posomes in the solution at 4°C remained on day 2 of 
storage, and then the remaining retinol gradually 
decreased by about 68 and 60% until day 8 under dark 
and UV exposure, respectively. Moreover, from day 8 to 
10, retinol was degraded with 18% more in the dark 
condition, whereas it was done with 38% more under UV 
light. These results show that UV light slightly accelerated 
the degradation of retinol. However, the bare retinol in the 
buffer was rapidly degraded as much as about 96% 
within only 2 days in all experimental conditions tested, 
indicating that nanoliposomes could act as a protecting 
barrier for retinol against the external environments. 
When stored at 25°C, the percentage of retinol degraded 
over time was higher than that at 4°C (Figure 1B). Eighty 
and sixty percent of retinol in nanoliposome remained on 
day 2 in the dark and UV exposure, respectively, which 
shows that retinol was less stable at 25 than 4°C and 
under UV light than dark condition. Furthermore, the 
stability of retinol in nanoliposomes progressively decreased 
for the whole storage period, but there was no significant 
difference in the retinol stability in nanoliposomes 
between under dark and UV light. In Figure 1C, about 
50% of the initial retinol in nanoliposomes was degraded 
on day 2 of storage at 37°C under both dark and UV light, 
showing that the retinol was less stable at 37°C than 4 
and 25°C. Then the gradual  reduction  was  observed  in  
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Figure 1. The effects of nanoliposomes on retinol stability. Retinol in nanoliposomes (�, dark; 

�
, UV light) and 

bare retinol in buffer (�, dark; �, UV light) were stored at various temperature ranges. A, 4°C; B, 25°C; C, 37°C; D, 
50°C in the dark and UV light, respectively. 

 
 
 
the remaining retinol until day 10, which resulted in 96% 
decrease of the initial retinol in nanoliposomes in the dark 
and UV light. However, UV light did not significantly affect 
the stability of retinol in nanoliposomes. A similar trend 
also occurred at 50°C (Figure 1D). A large decrease 
(about 75%) of retinol in nanoliposomes was observed on 
day 2 at 50°C under both dark and UV light. The retinol 
was degraded to a greater extent at 50°C than 4, 25, and 
37°C. On day 10, most of the remaining retinol in 
nanoliposomes was degraded. The reduction trend of the 
amount of the incorporated retinol in nanoliposomes 
throughout the period of storage was similar between 
under dark and UV light, implying that nanoliposomes 
could protect retinol against UV light to some extent. 

These results indicate that nanoliposomes could act as 
an efficient protecting barrier for retinol against environ-
mental influences such as temperature and UV light.  
 
 
DISCUSSION 
 
We have investigated the effect of nanoliposomes on the 
stabilization of incorporated retinol under a variety of 
conditions such as temperature, UV light, and time. 
Retinol was efficiently incorporated into nanoliposomes at 
neutral buffer. The incorporation efficiency of retinol was 
over 99% in nanoliposomes. This incorporation efficiency 
of active materials is affected by the  preparation  method  



 
 
 
 
of liposome, ratio of phospholipid to active  materials  and 
organization of liposome (Wu et al., 1994). It has been 
reported that the dehydration/rehydration method used in 
this study shows highest incorporation efficiency of active 
materials (Kirby and Gregoriadis, 1984). In our previous 
study, the nanoliposomes pressed by French press at 
same conditions without any incorporated materials was 
100 nm (Lee et al., 2008) and the mean particle size of 
nanoliposome containing retinol in this experiment was 
98 nm, indicating that retinol did not influence the size of 
nanoliposomes. 

The stability of incorporated retinol in nanoliposomes 
was significantly enhanced under both dark and UV light 
during the whole period of storage, compared to that of 
bare retinol. The retinol in nanoliposomes was more rapidly 
degraded as temperature increased and was not 
considerably affected by UV light, implying that nanoli-
posomes could act as a barrier for retinol against UV light 
to some extent. The greatest protective effect of nanoli-
posome was shown under dark condition at 4°C. The 
effects of temperature and light are consistent with a 
report that stable gel phase lipids provide the greatest 
protection against retinol degradation, perhaps by 
severely reducing the permeability of oxygen and light. 
These results have shown that nanoliposomes could act 
as an efficient protecting barrier for retinol against 
environmental influences.  

When compared to the previous results on the stability 
of retinol incorporated in MLV (Lee et al., 2005a, b), the 
retinol stability in nanoliposomes was less than in MLV. 
Nevertheless, nanoliposomes can be used as effective 
carriers capable of encapsulating active materials for 
various delivery applications by enhanced bioavailability, 
such as cell permeability, absorption rate and target 
delivery of substances (Allen et al., 2006; Yokoyama and 
Okano, 1998). 

These results also imply that the nanoliposome con-
taining active materials has potential applications in im-
provement of the shelf life of foods, stability of cosmetic 
materials and drug delivery systems. 
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