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Abstract 

Span 80 (sorbitan monooleate) vesicles behaved differently from conventional phospholipid vesi-
cles (liposomes) because the former had a more fluid interface. After doxorubicin hydrochloride 
(DOX) was encapsulated into the Span 80 vesicle (loading efficiency: 63 %), DOX-loaded Span 80 
vesicles (DVs) were thereafter added to Colon 26 cells. It was suggested, from the flow cytometric 
analysis and confocal laser microscopic observation, that DVs directly deliver DOX into the cy-
toplasm of Colon 26 cells. DVs showed the different delivery manner from the DOX-loaded 
liposomes (DLs). It is considered that the difference of delivery manner between DVs and DLs 
resulted in the difference of cytotoxicity (IC50); i.e. IC50 values for DVs and DLs were 5 and > 30 
µM, respectively. The results obtained herein would give the fundamental findings which can 
contribute to the improvement of formulation of conventional liposome-based carrier and its 
cytotoxicity. 
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Introduction 
In the cancer treatment, various anti-cancer 

drugs have been investigated: RNA interference- or 
small interference RNAs-based drugs[1]; paclitaxel[2]; 
curcumin[3]; or doxorubicin[4-6]. For the efficient 
delivery of drugs to cancer cells, various carriers, such 
as nanoparticle[7], lipoplex[8], liposome which is a 
closed-phospholipid bilayer membrane[4, 9], vesicles 
composed of detergents [10], have been proposed as 
promising delivery strategies. Of those carriers, the 
liposome has an advantage for both an encapsulation 
of anti-cancer drug[2], and an easy modification of 
liposomal surface[4]. For examples, Doxil® is a doxo-
rubicin (DOX) incorporated into long-circulating 
PEGylated liposomes, which is a well-known com-
mercial drug using the liposome. It has been demon-
strated that Doxil® could decrease cardiotoxicity and 

improve tumor accumulation via the enhanced per-
meability and retention (EPR) mechanism[4]. Mean-
while, Doxil® has drawbacks on its own low efficiency 
of drug delivery, which is attributed at least in part to 
its uptake by the endocytosis pathway[11, 12]. The 
incorporation of cationic lipids[9], and the modifica-
tion of liposomes by monoclonal anticancer antibody 
have improved the efficiency of drug delivery and 
cytotoxicity[4]. 

DOX contained in Doxil® is the anti-cancer drug 
studied well from the variety of aspects. It has been 
reported that DOX showed the similar self-quenching 
property to calcein[13]. DOX can be easily up-taken 
by cells via permeation across cell membranes[5]. 
Therefore, DOX preferably induced the strong 
side-effect, although DOX disappears by a rapid op-
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sonization and an up-take by the reticuloendothelial 
system (RES) of liver and spleen[14, 15]. To suppress 
the side-effect of DOX, a chemical conjugate of DOX 
was then investigated by using poly(ethylene glycol) 
to produce the prodrug[16], or anti-body directed 
against the cancer cells[17]. Alternatively, the en-
hanced cytotoxicity of DOX could be achieved by a 
chemical conjugate with DNA[18]. The utilization of 
DOX without any chemical conjugation or compli-
cated pretreatment would demand the carrier that can 
directly delivers DOX into cell inside. 

The direct delivery of drug requires the strong 
interaction of carrier with cell membranes. Conven-
tionally, liposomes composed of phospholipids in-
duced no membrane fusion with cell membranes, 
except for the liposomes incorporating positively 
charged lipids. As stated before, liposomes shows low 
delivery efficiency due to their internalization by the 
endocytosis pathway[11, 12]. Alternatively, vesicles 
composed of nonionic detergent, namely niosome, 
have recently been studied[19]. One of typical noi-
somes is vesicles prepared by Span 80 which is a sor-
bitan monooleate composed of a sorbitol group and 
acyl chain[20, 21]. Our previous study has revealed 
that Span 80 vesicles have very fluid, flexible and wet 
surface by contrasting with conventional 
liposomes[21]. It is therefore expected that Span 80 
vesicles can be used as a promising vesicle formula-
tion to overcome the problems of conventional lipo-
some-based carrier such as Doxil®. 

In this study, we prepared the novel vesicle 
formulation including anti-cancer drug by using Span 
80 vesicles. First, DOX was loaded into Span 80 vesi-
cles by a remote loading method[22, 23]. The obtained 
vesicles were called as DVs. We investigated the 
binding of DVs to cell membranes and their cytotoxi-
city by contrasting with the conventional liposomal 
carrier containing DOX (DLs). Colon 26 cells were 
herein used as a case study because it has been re-
ported, from the previous study [10], that Span 80 
vesicle-based delivery system could show a certain 
anti-cancer activity to Colo 201 cells (human colon 
cancer cell line). 

Material and Method 
Materials 

Sorbitan monooleate (Span 80), polyoxyethylene 
sorbitan monooleate (Tween 80) and Doxorubicin 
hydrochloride were purchased from Wako Pure 
Chemical Industries (Osaka, Japan). Cholesterol was 
obtained from Sigma–Aldrich (St. Louis, MO, USA). A 
zwitterionic phospholipid, 1-palmitoyl-2-oleoyl-sn- 
glycero-3-phosphocholine (POPC), was purchased 

from the NOF Corporation (Tokyo, Japan). 

Preparation of Span 80 vesicles 
Span 80 vesicles were prepared by the two-step 

emulsification method as previously described in de-
tail[20, 24]. 6 ml of n-hexane containing 252 mg Span 
80 and48 mg cholesterol was added to 0.6 ml of 155 
mM ammonium sulfate solution, followed by the first 
emulsification for 6 min at 17,500 rpm using a mi-
cro-homogenizer NS-310E 2 (Microtec Co.Ltd., 
Funabashi, Japan). The solvent obtained from the 
water-in-oil emulsion was evaporated in a rotary 
evaporator at 28 oC under reduced pressure, yielding 
a water–lipid emulsion. After that, 6 ml of PBS (pH 
7.4) containing 96 mg of Tween 80 was added, fol-
lowed by mixing with the homogenizer for 2 min at 
3500 rpm to obtain the heterogeneous Span 80 vesicles 
suspension. The heterogeneous vesicles suspension 
was stirred with a magnetic stirrer for 3 h at room 
temperature, followed by storage overnight at 4 oC. 
The vesicles were then purified by an ultracentrifuga-
tion (50,000 rpm at 4oC for 120 min) in a Himac cen-
trifuge CR15B (Hitachi Koki Co.Ltd., Tokyo, Japan). 
The purified Span 80 suspension was passed through 
100-nm nucleopore track-etch polycarbonate mem-
branes and purified twice by the ultracentrifugation. 

Preparation of liposome 
Liposomes were prepared according to the pre-

vious literatures[21, 25]. Phospholipids were dis-
solved in a chloroform solution. The organic solvent 
was removed by evaporation in a rotary evaporator. 
The residual lipid film, after drying under a vacuum 
overnight, was hydrated with the ammonium sulfate. 
The suspension was subjected to five cycles of freez-
ing and thawing and was then extruded through 
polycarbonate filter with 100 nm in pore size, fol-
lowed by ultracentrifugation, as described above. The 
lipid concentrations were determined by phospho-
rous analysis. 

Loading of DOX into Span 80 vesicles 
DOX was loaded into Span 80 vesicles by a re-

mote loading method[22, 23]. In short, an aliquot of 
ammonium sulphatesolution (155 mM) was added 
into the Span 80 vesicles. This Span 80 vesicle sus-
pension (50 mM) was then mixed with a DOX saline 
solution (1 mM). To accelerate a loading of DOX, the 
sample was then heated to 60oC for 10 min. After-
wards, the unloaded material was removed by using a 
gel permeation chromatography(SepharoseTM4B). 

TEM observation of vesicles 
Vesicles prepared here were observed by trans-

mission electron microscopy (TEM). TEM images 
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were obtained by the following procedure. In brief, a 5 
µl aliquot of diluted solution was placed on a copper 
grid (400-mesh) covered with a carbon-coated collo-
dion film for 1 min and the excess sample solution 
was removed by blotting with filter paper. After the 
residual solution had dried up, the grid was nega-
tively stained with a 2% (wt/vol) uranyl acetate solu-
tion. Again, the liquid on the grid was removed with 
filter paper and dried. EM images were acquired us-
ing a JEOL 100CX transmission microscope (JEOL, 
Tokyo, Japan) with an acceleration voltage of 80 kV. 

Cell cultivation 
Mice colon adenocarcinoma cell line (Colon 26 

cells) was obtained from Cell Resource Center for 
Biomedical Research, Institute of Development, Aging 
and Cancer, Tohoku University (Sendai, Japan). Colon 
26 cells were cultured with Eagle’s minimum essential 
medium (E-MEM) containing 10% fetal bovine serum 
(FBS) in a humidified atmosphere of 5% CO2 at 37 oC. 

Observation by confocal laser scanning mi-
croscopy 

Cells were seeded at 2 × 105 cells/ml in a cell 
culture dish in complete medium, E-MEM with 10% 
FBS. The cells were then incubated for 24 h in a hu-
midified atmosphere of 5% CO2 and at a temperature 
of 37oC. Then, the test samples were added to cells 
and left them for another 1 h under 5% CO2 atmos-
phere and 37oC for incubation. Afterwards these cells 
were observed by a confocal laser scanning micro-
scope (Fluoview, Olympus). 

Flowcytometry 
Cells were seeded at 2 × 105 cells/ml in a cell 

culture dish in complete medium, E-MEM, with 10% 
FBS for Colon 26 cells. Cells were then incubated for 
24 h in a humidified atmosphere of 5% CO2 and at a 
temperature of 37oC. Then, test samples were added 
to the cells and were further incubated for another 1 h 
under 5% CO2 atmosphere and 37°C for incubation. 
After incubation cells were removed by 
EDTA-Trypsin and washed by PBS buffer (pH 7.4) 
twice. Cells were analyzed by flowcytometry (Life 
Technologies, Gaithersburg, MD, USA). Fluorescence 
intensity excited at 488 nm was monitored with BP 
filter (575/24 nm).  

MTT assay 
The cytotoxicity of DV on Colon 26 cells was 

evaluated by an MTT assay (Promega, USA). Cells 
were seeded at 2 × 105 cells/ml, 100 μl in 96-well mi-
crotiter plates in complete medium, E-MEM, with 10% 

FBS. Cells were then incubated for 24 h in a humidi-
fied atmosphere of 5% CO2 and at a temperature of 
37°C. Then, DOX-loaded Span 80 vesicles (DVs) were 
added to wells for 24 h-incubation under 5% CO2 at-
mosphere and 37°C. The supernatant including DVs 
were thereafter left. The sample in the presence of 
neither DOX nor vesicles was a positive control. The 
cell viability was assayed by adding 15μL of MTT 
solution (5 mg/ml). After incubation at 37°C for an-
other 4 h, 100 μL of Stop mix solution (20% sodium 
dodecyl sulfate in 50% dimethyl stateamide) was 
added to the plate and left it for another 1 h to dis-
solve the obtained crystal. The absorbance of each 
well was measured by using a microplate reader 
(Bio-Rad CA, USA) at a test wave length of 550 nm 
and 655 nm. The ratio of cell viability was calculated 
by the following:(Ratio of cell viability) = (A1-A3) / 
(A2-A3), where A1, A2, and A3 mean the absorbance 
vesicle (10 ml) + cell suspension (90 ml), that of cell 
suspension (100 ml), and that of culture medium (100 
ml) as a negative control, respectively. 

Results and Discussion 
Loading of DOX into Span 80 vesicles 

In the first series of experiments, the loading of 
DOX into Span 80 vesicles was investigated with a 
remote loading method. 1 mM of DOX was, by a re-
mote loading method[22, 23], loaded into Span 80 
vesicles (composed of 252 mg Span 80 and 48 mg 
cholesterol) with 100 nm in diameter. Span 80 vesicles 
including DOX (DVs) were separated by a size exclu-
sion chromatography. The concentration of DOX for 
the fraction of Span 80 vesicles was measured, by 
disrupting DVs with sodium dodecyl sulfate (SDS). 
The molar ratio of DOX, included in the vesicle frac-
tion, to initial DOX (1 mM) was estimated to be 63 
%.The vesicles by TEM were observed to investigate 
the influence of loading of DOX on the vesicle struc-
ture. Span 80 vesicles have the similar vesicular 
structure to the conventional liposome (Figure 1A). 
The same was true for DVs although DVs appear 
more aggregated (Figure 1B) in comparison with 
Span 80 vesicles. This aggregation might be a transi-
ent one resulting from the pretreatment for TEM ob-
servation, although DVs are likely to fuse due to their 
fluid and flexible surface [20]. In actual, the DVs were 
confirmed to be stably dispersed in the solution be-
cause their mean diameter (131.5 nm) was constant for 
several weeks, from the dynamic light scattering 
method. 
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Figure 1. Loading of DOX into Span 80 vesicles. TEM images of A) Span 80 vesicles and B) DVs. Scale bar represents 200 nm. C) 
Fluorescence spectra of free DOX, DVs and DVs + SDS. Inset: concentration dependency of DOX fluorescence intensity at 590 nm. D) 
Relationship between λmax of DOX in binary water/ethanol system and the corresponding dielectric constant. E) Schematic illustration of 
DV. For Span 80 vesicles, see Experimental section. 

 
 
It is unclear, from the observation with TEM, 

how DOX was loaded in Span 80 vesicles. The loading 
nature of DOX in Span 80 vesicles was investigated 
from the aspect of fluorescence property of DOX. 
Figure 1C shows the fluorescence spectra for free 
DOX, DVs, and SDS-treated DVs excited at λex= 480 
nm. Free DOX has an emission peak at around 590 
nm, corresponding to the fluorophore. The concen-
tration dependency of DOX fluorescence was shown 
in the inset of Figure 1C. DOX was self-quenched 
above 100 µM, which is consistent with the previous 
report[13]. Furthermore, DVs that contain DOX at the 
same concentration as free DOX indicated the reduc-

tion of DOX fluorescence intensity (Figure 1C), sug-
gesting the incorporation of DOX into Span 80 vesicles 
at higher concentration range. Besides, the SDS 
treatment led to the increase in the fluorescence of 
DOX, which was probably because of a dequenching 
of DOX. This also strongly suggested the incorpora-
tion of DOX in Span 80 vesicles at high concentration.  

Furthermore, the solubilization of DOX in Span 
80 vesicles was investigated in terms of the solvato-
chromic property. The emission property of fluores-
cence molecules in solvent depends on the dielectic 
constant of solvent[26]. The fluorescence spectra for 
DOX were then measured with varying the dielectric 
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constant of the binary water/ethanol system as a sol-
vent. The reciprocal of λmax giving the maximal fluo-
rescence intensity of DOX was proportional to the 
dielectric constant of solvent (Figure 1D).The fluo-
rescence spectrum for DVs showed the emission peak 
at 590 nm in λmax (Figure 1C), corresponding to the 
bulk aqueous environment (ε ~ 75) (estimated by 
Figure 1D). Taking into consideration that the dielec-
tric constantmonotonously changes along the vesicle 
membrane[27], it is considered that DOX would be 
present at the same dielectric environment as the bulk 
aqueous phase, although some of DOX might be sol-
ubilized at membrane region of Span 80 vesicle. 

From the above results, it is considered that DOX 
was contained in the Span 80 vesicles as schematically 
shown in Figure 1E. It has been reported that the 
membrane interface of Span 80 vesicles was consid-
erably fluid due to the intense mobility of headgroup 
for sorbitol ester[21]. Therefore, DVs might interact 
with cell membranes enough to deliver DOX into cell 
inside. 

Interaction of DVs with cell membranes 
Span 80 vesicles have the dynamic interface ad-

vantageous for their interaction with cell 
membranes[21]. DVs would preferably bind to the cell 
membrane by contrasting them with the DOX-loaded 
liposomes (DLs). In this section, the binding of DVs to 
the cell membranes and the delivery of DOX to cells 
was examined.  

 

Figure 2. Delivery of DOX by Span 80 vesicles and liposomes. A) 
Confocal laser microscopic images (left) DVs and (right) DLs. 
Green fluorescence: NBD-PE; red fluorescence: DOX. 
Flowcytogram of Colon 26 cells at B) 37 and C) 4 oC. a: control 
(PBS), b:DLs, c: Free DOX, and d: DVs. Other detailed experi-
mental conditions were referred to experimental section. Fluo-
rescence intensity was monitored with the condition of ex: 488 
nm/ em. 575 nm (575/24 nm BP filter). 

 
 
The interaction of DVs with cell membranes was 

investigated by a confocal laser microscope. Colon 26 
cells were herein used as model cells. Fluorescence 
lipid NBD-PE was herein incorporated into DVs be-
cause such NBD-stained DVs should show both red 
fluorescence from DOX and green fluorescence from 
NBD-PE. Colon 26 cells were incubated for 12 h with 
NBD-stained DVs. Green fluorescence derived from 
NBD-PE was observed at cellular membranes, as 
shown in Figure 2A. This observation implies that the 
lipid mixing between the Span 80 vesicles and cell 
membranes occurred. Red fluorescence derived from 
DOX was also observed inside Colon 26 cells, imply-

ing the delivery of DOX into the cytoplasm of cells. 
From this double-staining experiment, it is considered 
that the Span 80 vesicle delivered DOX into the cyto-
plasm of cells by the interaction of Span 80 vesicles 
with cellular membranes, although we could not rule 
out the possibility that DOX was involved in endo-
somes or lysosomes. Actually, Span 80 vesicles have 
the dynamic interface advantageous for the strong 
interaction between vesicles[21]. It has been reported, 
from the composition analysis of Span 80 vesicles, that 
Span 80 vesicles involved the tri-ester body with three 
acyl chains prior to the generation of negative curva-
ture[20]. The generation of negative curvature is an 
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indispensable process of the membrane fusion[28]. 
Besides, from the fluorescence resonance energy 
transfer experiment, Span 80 vesicles induced the ac-
tivity of membrane fusion at 43 oC, whereas no fusion 
activity at 25 oC [20]. These previous findings are 
compatible with the observations shown in Figure 2A. 
In contrast, in the case of DLs, the dotted red fluores-
cence in cytosol of Colon 26 cells could be observed. 
This observation was the definite evidence that the 
DLs were internalized by the endocytosis pathway. 
From the observation using the confocal laser mi-
croscopy, the delivery manner of DVs was found to be 
different from that of DLs. 

In addition, we measured the fluorescence of 
DOX with the flow cytometry to investigate the 
binding of DVs to cells. Peaks for free DOX (peak c), 
DVs (peak d) and DLs (peak b) were shifted to the 
higher fluorescence region relative to the control 
(peak a) (Figure 2B), suggesting that DVs and DLs 
evidently bound to Colon 26 cells. In order to clarify 
the internalization mechanism of DVs and DLs, their 
binding to cells was investigated under 4 
oC-inclubation that could inhibit the endocytosis 
pathway. Both peaks for DLs (peak b) and free DOX 
(peak c) was shifted to the control (peak a) (Figure 
2C). The observed shift of DLs probably resulted from 
the binding of DLs under 4 oC-inclubation, as report-
ed in the previous literature [4]. It was therefore con-
sidered that DLs used herein was internalized via an 
endocytosis pathway. In contrast, the peak for free 
DOX (peak c) was obviously shifted to the control 
peak. Free DOX permeates across the cell 
membranes[5]. It is considered that the 4 
oC-incubation reduced the permeability of cell mem-
branes to DOX. From these results, DVs was thus 
found to be up-taken by the different pathway from 
the endocytosis observed in DLs. 

Cytotoxicity of DV System 
The difference in delivery manner between DVs 

and DLs would affect their cytotoxicity. The cytotoxi-
city of DVs was investigated with the MTT assay. 
Span 80 vesicle alone was found to show no toxicity 
below 2 mM (data not shown). The same was true for 
liposomes under the same concentration. The cell vi-
ability of DVs was therein investigated below 2 mM of 
Span 80. Figure 3 shows the cell viability of Colon 26 
cells as a function of DOX concentration. DVs induced 
the larger decremental change of cell viability as 
compared with free DOX, whereas DLs induced the 
smaller decremental change of viability. From Figure 
3, IC50 values for DVs, free DOX, and DLs were 5, 15, 
and >30 µM, respectively. It is considered that the 
highest IC50 value for DLs resulted from their inter-

nalization through an endocytosis pathway as shown 
in Figure 2B and C. Reduction of IC50 value of free 
DOX relative to DLs might be a result that free DOX 
was able to directly permeate across the cell mem-
branes[5]. Likewise, a remarkable reduction of IC50 
value was observed in the case of DVs. DVs appeared 
to directly deliver DOX into the cytoplasm of cells, 
probably due to the interaction between Span 80 ves-
icle membranes and cellular membranes (Figure 2). 
Although further investigation is needed, it is likely 
that the drug delivery using DVs is substantially effi-
cient in contrast to the conventional systems using 
liposome (Doxil®) based on the above results. 

 
 

 
Figure 3. Cell viability of Colon 26 cells as function of DOX 
concentration. All the experiments were performed at least three 
times. 

 
 
In conclusion, we prepared Span 80 vesicles 

containing DOX (DVs) with a 63 % in loading effi-
ciency. It was demonstrated that DVs could success-
fully deliver DOX into the cytoplasm of tumor cells 
via the direct interaction of vesicle membranes with 
cellular membranes, which could improve the cyto-
toxicity. The above advantage could successfully be 
induced under the condition that Span 80 vesicles 
themselves showed low toxicity (below 2 mM of Span 
80). Taking into consideration that both Eucheuma 
serra agglutinin (ESA) with high targeting activity to 
tumor cells and PEGylated lipid with a stealth func-
tion could be incorporated into Span 80 vesicles[10], a 
combination of DVs with ESA/PEGylated lipid might 
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improve their cytotoxicity and the targeting activity of 
conventional liposome-based carrier (i.e. Doxil®). The 
present study would give the fundamental findings 
with respect to the alternative strategy to deliver DOX 
into the cytoplasm of tumor cells. A further in vitro 
and in vivo research would achieve the construction of 
novel drug carrier using DV system. 
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