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bstract

Two retinoids, ATRA and 13cisRA, were incorporated into liposomes of different composition and charge and added to two hepatoma cell lines
ith different degree of transformation to measure cytotoxicity by MTT assay.
Retinoid-free cationic liposomes were more toxic than the other kinds (anionic and made only of PC) but were also the best delivery system for

etinoic acid to induce specific cytotoxic effects on these tumor hepatoma cell lines.
Galactosyl-sphingosine containing cationic liposomes increased the cytotoxic effect induced by ATRA on Hep3B cells when compared to

lucosyl-sphingosine cationic liposomes, but did not improve the effect induced by free retinoid or ATRA loaded into liposomes without glycolipids.
his suggests that in this cell line, ATRA is being incorporated by a mechanism mediated by the asialoglycoprotein receptor, but at the same time,
on-specific sugar-independent capture is also taking place as well as free diffusion of ATRA directly through the membrane. Galactose-specific
ffect was not observed in HepG2 cells treated with ATRA or both cell lines treated with 13cisRA. In fact, treatment of HepG2 cells with retinoids
ntrapped into liposomes likely induces proliferation instead of cytotoxicity, a result that interferes with the measurement of cell death by MTT.
ompared to the specific effect of ATRA entrapped into cationic liposomes, vesicles made only by PC, did not mediate a specific mechanism,

ince differences between ATRA in galactosyl- and glucosyl-shpingosine PC-liposomes were not statistically significant.
The specific mechanism was not present in the myoblastic cell line C2C12, where ATRA incorporated into galactosyl- and glucosyl-sphingosine

ontaining cationic and PC-liposomes, was able to induce cytotoxicity at the same extent.
Micelles containing ATRA and galactosyl-sphingosine had a significantly more toxic effect than the retinoid administered together with glucosyl-

phingosine, in Hep3B cells. Also, micelles containing ATRA were more toxic than glycolipid-containing liposomes with ATRA, for both kinds
f sphingosines. The same effect was not observed in C2C12 cells, where glycolipid-containing liposomes worked better than micelles, and a

ugar-specific mechanism was not seen.

This suggests that, even though galactose-containing cationic liposomes could be a promising approach, a galactose-specific emulsion system
ould be the best strategy to specifically deliver retinoic acid to liver tumor cells, since it shows tissue specificity (perhaps induced by ASGPR-
ediated internalization) and a stronger cytotoxic effect than the retinoid incorporated into liposomes.
2006 Elsevier B.V. All rights reserved.
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eywords: Retinoic acid; Liposome; Galactose; Hepatocellular carcinoma; Cy
Abbreviations: HCC, hepatocellular carcinoma; ASGPR, asialoglycopro-
ein receptor; MTT, 3-(4,5-dimethyl-2-thiazolyl(-2,5-diphenyl-2H-tetrazolium
romide)); DMSO, dimethylsulfoxide; PC, phosphatidylcholine; ATRA, all-
rans retinoic acid; 13cisRA, 13cis retinoic acid; gal, galactosyl-sphingosine;
lu, glucosyl-sphingosine
∗ Corresponding author. Tel.: +506 2293135; fax: +506 2920485.

E-mail address: cdiaz@cariari.ucr.ac.cr (C. Dı́az).

1

d
r
m

m
(

378-5173/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2006.06.034
city

. Introduction

Human hepatocellular carcinoma (HCC) is one of the most
eadly and most rapidly increasing type of tumors in the world,
epresenting the fifth worldwide most common malignancy in

en and the eight in women (Bosch et al., 2005; Fisher, 2005).
Several chemotherapeutic agents have been used for the treat-

ent of HCC, being the pyrimidine antimetabolite 5-fluorouracil
5-FU), the first drug reported. Some other anti-neoplasic drugs
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hat have been used, either alone or in combination, are dox-
rubicine, epirubicine, cisplatin, interferon-� and � and others
Leung and Johnson, 2001).

In recent years, it has been suggested that natural and syn-
hetic retinoids could be potentially successful in the treatment
f liver cancer (Arce et al., 2005; Muto et al., 1999; Okuno et
l., 2001). Retinoids are derivatives of vitamin A with several
hysiological functions in embryonic development, reproduc-
ion, hematopoiesis and other biological processes, due to their
bility to regulate differentiation, proliferation and apoptosis
Petterson et al., 2002; Sun and Lotan, 2002).

At pharmacological doses, retinoids induce a variety of
ffects associated with cancer prevention such as suppression of
n vitro cell transformation, inhibition of carcinogenesis in var-
ous organs in animal models and a decrease in the occurrence
f second primary tumors for epithelial malignancies including
CC (Okuno et al., 2001; Sun and Lotan, 2002).
Since retinoids have been shown to be toxic for long-term

se and since they have very low tissue specificity (Lee et al.,
993) some new strategies have to be addressed before using
hese agents widely.

Liposomes are relatively non-toxic, biodegradable lipid vesi-
les that can be used for pharmacological delivery. They can
lter the distribution and bioavailability of different drugs, rep-
esenting a good approach for the treatment of several diseases
Felnerova et al., 2004; Kim and Lim, 2002).

Liposomes are lipid membranes mainly composed of a com-
ination of natural or synthetic phospholipids and cholesterol
nd additional ligands can be also added to increase the speci-
city for tissue recognition (Felnerova et al., 2004).

One approach to direct liposomes specifically to the liver
as been to introduce sugar moieties to the basic phospholipid
omposition. The idea behind this strategy is to take advantage
f the presence of the asialoglycoprotein receptor (ASGPR),
resent mainly in hepatocytes (Dragsten et al., 1987; Kawakami
t al., 1998; Treré et al., 1999; Wu et al., 2002). Since the addi-
ion of asialoglycoproteins to liposomes is rather complicated, a

ore approachable strategy is the incorporation of low molecu-
ar weight glycolipids, which can also be recognized by ASGPR
Hashida et al., 2001). For instance, an interesting study that used
his approach for the delivery of 5-FU was recently published
Jin et al., 2005). This study showed that 5-FU could more effi-
iently inhibit tumor cell growth and induce apoptosis when
s delivered encapsulated into galactosylceramide liposomes.
ven the in vivo anti-neoplasic activity was better obtained when

iposome-encapsulated 5-FU was used, and the authors suggest
hat the mechanism could be partially related to increased drug
oncentration in liver tumor tissues (Jin et al., 2005).

To reach liver targeting for gene transferring, several kinds of
iposomes have been designed too. An interesting approach has
een to include some novel galactosylated cholesterol deriva-
ives into the liposomes (Kawakami et al., 1998). This approach
ould also be applied for pharmacological uses in the delivery

f different drugs and medicaments such as chemotherapeutic
gents.

In the case of retinoids, some studies have shown that
ynthetic retinoid N-(4-hydroxypheny) retinamide (fenretinide)

2
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Takahashi et al., 2003) and natural retinoid ATRA (Shimizu et
l., 2003) entrapped into liposomes containing soybean-derived
terylglucoside mixture have great potential for the treatment of
ancer. Both studies showed that these pharmacological prepa-
ations are effective by increasing the survival of mice bearing
umor metastasis in the liver.

Some of the most undesirable results of chemotherapy are
ide effects due to toxicity to normal cells. However, neovascula-
ure present in cancer tissues tends to be poorly formed with gaps
etween endothelial cells, which could be an advantage in treat-
ents that use relatively big carriers such as liposomes (Kim and
im, 2002). So, vascular permeability of cancer tissues is a sig-
ificant physiological factor that should be considered in design-
ng drug delivery systems. Then, encapsulation of therapeutic
gents inside carriers is an attractive strategy in cancer treatment
ince it can minimize drug uptake by sensitive normal tissues.

Since it has been established that retinoids have high poten-
ial for the treatment of hepatocellular carcinoma but at the same
ime their effects are somehow poorly specific in terms of the
issues they affect, we decided to test the effect of these agents
elivered into liposomes with some level of specificity for tumor
iver cells. The specific aim of this study was to test the cytotoxic
otential of two naturally occurring retinoids entrapped into
lycolipid-containing liposomes (with galactosyl-sphingosine)
n human hepatoma cell lines Hep3B and HepG2, in search of
haracterizing new potential delivery strategies for the treatment
f HCC.

. Materials and methods

.1. Reagents and antibodies

Dulbecco essential medium, fetal bovine serum, 3-(4,5-
imethyl-2-thiazolyl(-2,5-diphenyl-2H-tetrazolium bromide))
MTT), cationic and anionic liposome preparations and
etinoids were obtained from Sigma Chemical Co. (St. Louis,

O). Egg phosphatidylcholine, d-galactosyl-1�1-1′-d-erythro-
phingosine and glucosyl- �1-1′-d-erythro-sphingosine were
urchased from Avanti Polar Lipids Inc. (Alabaster, AL).

.2. Cell culture and treatment

Two different human hepatoma cell lines, HepG2 and Hep3B
nd the myoblast cell line C2C12 (American type culture col-
ection, ATCC) were maintained in Dulbecco essential medium
n a 37 ◦C humidified incubator under an atmosphere of 7% CO2
n air. For the experiments, cells were plated on 96-well plates
o confluence and were allowed to adhere overnight. Various
oncentrations of retinoids (free or loaded into liposome prepa-
ations) were added to the plates in 100 �l of fresh medium and
ells were incubated for 48 or 72 h periods as indicated in the
gures.
.3. Liposome preparation and drug loading

Retinoids were dissolved in dimethylsulfoxide (DMSO) and
dded to the chloroform lipid mixture. The samples were dried
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Fig. 1. Cytotoxic effect induced by cationic and anionic liposomes loaded
with retinoids ATRA and 13cisRA on Hep3B cell line. Confluent cell popu-
lations were incubated with liposomes loaded with retinoids at a concentration
of 50 �g/ml for 48 h. After treatment, MTT reagent was added to the culture
medium and after 2 h of incubation, medium was removed and 95% ethanol was
added to the wells to dissolve formazan crystals. Experiments were performed
three times, absorbances were recorded at 570 nm and the results are expressed
as mean ± S.E. of triplicates from one representative experiment. (L+) cationic
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iposomes; (L−) anionic liposomes; (RA) retinoic acid. Labels (*) and (**)
epresent statistically significant differences with p < 0.05 and p < 0.01, respec-
ively.

nder nitrogen and resuspended in cell culture medium (Dul-
ecco essential medium supplemented with 10% fetal bovine
erum, 2 mmol/l glutamine, 100 IU/ml penicillin and ampho-
ericin B). Samples were sonicated for 30 min at room tempera-
ure in a bath sonicator. The amount of lipid added to each well
n the experiments to test liposome cytotoxicity (Figs. 1 and 2)
as: 25.2 nmol phosphatidylcholine, 7.2 nmol stearylamine or
hosphatidic acid and 3.6 nmol cholesterol. Liposomes contain-
ng stearylamine present positive charges (cationic liposomes)

nd the ones containing phosphatidic acid had negative charges
anionic liposomes). In the following experiments lipid amounts
or cationic liposome preparation were reduced five times and

ig. 2. Cytotoxic effect induced by cationic and anionic liposomes loaded with
etinoids ATRA and 13cisRA on HepG2 cell line (see details in Fig. 1 leg-
nd). Experiments were performed three times and the results are expressed as
ean ± S.E. of triplicates of one representative experiment.
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he galactosyl- and glucosyl-sphingosine amounts added to the
ipid preparation were of 0.5 nmol/well. PC-only liposomes were
repared with 5.2 nmol of egg PC per well and the same amount
f sphingosine (0.5 nmol/well). Retinoic acid entrapment has
een shown to be very high for multilamellar liposomes, with
alues ranging between 91 and 95% (Manconi et al., 2002;
astruzzi et al., 1990). Retinoid incorporation was determined
y HPLC using a C18 column (detection at 350 nm) using a
obile phase of acetonitrile, water and acetic acid (84.5:15:0.5)

fter previous separation of free retinoid by gel filtration using a
epharose 4B column. The result was about 90% of association
f the retinoid with liposomes.

.4. Assessment of cytotoxicity by MTT assay

Cells were treated with retinoids (free or loaded into liposome
reparations) for 48 or 72 h and MTT reagent (final concentra-
ion of 0.5 mg/ml) was added to the culture medium. After 2 h of
ncubation at 37 ◦C, medium was carefully removed and 100 �l
f 95% ethanol was added to the wells to dissolve formazan
rystals. Absorbances were measured at 570 nm and readings
ere expressed as viability percentages using the drug solvent

DMSO) or medium as negative controls (100% of viability).
hree independent experiments were performed in triplicate and

he results shown in the figures represent the means of one of
hese reproducible experiments.

.5. Statistical analysis

Paired Student’s t-test was calculated between the chosen
reatments using infostat statistics program.

. Results

.1. Cytotoxicity induced by retinoids loaded into cationic
nd anionic liposomes on hepatoma cells

Liposomes were prepared in the presence of 50 �g/ml ATRA
r 13cisRA (previously dissolved in DMSO) and then added to
oth cell lines for 48 h (Figs. 1 and 2). Free ATRA was more
fficient than 13cisRA inducing cell death in both cell lines,
eing free 13cisRA almost non-toxic at the concentration tested.
e observed that cationic liposomes were very toxic for the

ells (approximately 50% cytotoxicity for Hep3B and 80% for
epG2), whereas anionic liposomes were basically not toxic

Figs. 1 and 2).
When cytotoxicity of retinoids entrapped into liposomes was

ested, we observed that whereas anionic liposomes seem to
ecrease drug toxicity or had no effect (except for the case
f HepG2 cells treated with 13cisRA), retinoids loaded into
ationic liposomes were more effective than free drugs, espe-
ially in the case of 13cisRA, which induced 76% of cytotoxicity
n Hep3B cells (Fig. 1) and 84% in HepG2 cells (Fig. 2), but

as practically non-toxic when was administered free. ATRA

ntrapped into cationic liposomes was also very toxic, induc-
ng 56% of cytotoxicity in Hep3B cells (Fig. 1) and 90% in
epG2 (Fig. 2) but the difference compared to free drug was
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Fig. 4. Cytotoxic effect induced by retinoids loaded into cationic liposomes
containing galactosyl- and glucosyl-sphingosine on HepG2 cells. Cells were
incubated with liposomes loaded with retinoids for 72 h at a concentration of
50 �g/ml (see details in Fig. 3 legend). (+) Presence; (−) absence of different
lipids; (gal) galactosyl-sphingosine; (glu) glucosyl-sphingosine. All treatments
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ower due to the high toxicity obtained with cationic liposomes
lone.

We decreased liposome concentrations five times for the fol-
owing experiments (see Section 2) and since anionic liposomes
asically did not improve the effect of free retinoids, we did the
ext set of experiments using only cationic liposomes.

.2. Cytotoxicity induced by retinoids loaded into cationic
iposomes containing galactosyl- and glucosyl-sphingosine
n hepatoma cells

When we decreased the concentration of cationic liposomes,
e observed a decrease in the toxicity that allowed better con-
itions for the experiment. Even though in this case, retinoids
ntrapped into liposomes did not induce more toxicity that free
rugs, in the case of Hep3B cells, galactosyl-sphingosine con-
aining liposomes with ATRA were more effective than the ones
ontaining glucosyl-sphingosine (Fig. 3). In the case of treat-
ent with 13cisRA, the results were not significantly different

n any of the cell lines (Figs. 3 and 4) neither in the case of
epG2 cells treated with ATRA (Fig. 4).
We observed that in some cases the values were over 100%

f viability suggesting that proliferation was being induced in
ome of the treatments with retinoic acid (Ledda-Columbano
t al., 2004). This effect could be covering up the cytotoxicity
esults in the cases where retinoids were better introduced into

he cells due to the liposome carriers and proliferation could
ccur in the first hours of treatment, increasing the number of
ells present in the plates.

ig. 3. Cytotoxic effect induced by retinoids loaded into cationic liposomes
ontaining galactosyl- and glucosyl–sphingosine on Hep3B cells. Liposome
ipid amount was five times less than the one used in previous experiments
Figs. 1 and 2). In the case of liposomes containing (gal) galactosyl- and (glu)
lucosyl-sphingosine, the amount of lipid added was: 0.5 nmol/well. Cells were
ncubated with liposomes loaded with retinoids for 72 h at a concentration of
0 �g/ml (see details in Fig. 1 legend). (+) Presence; (−) absence of different
ipids. Label (*) represents statistically significant differences with p < 0.05.
ll treatments shown contain retinoid. Controls not shown (cationic liposomes,
lycolipids, and glycolipids with cationic liposomes, all without retinoid) gave
alues higher than 90% of viability. Experiments were performed three times
nd the results are expressed as mean ± S.E. of triplicates of one representative
xperiment.
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hown in the figure contain retinoid. Controls not shown gave values higher than
5% of viability. Experiments were performed three times and the results are
xpressed as mean ± S.E. of triplicates of one representative experiment.

Interestingly, ATRA loaded into cationic liposomes (devoid
f shingosine) was also very toxic on Hep3B cells, showing
robably good internalization, since in this experiment, cationic
iposomes alone did not show significant toxicity (Fig. 3). We
id not observe the same effect in HepG2 cells, where ATRA
oaded into cationic liposomes was not toxic (Fig. 4).

HepG2 cells were the ones showing viability percentages
loser to 150% in the case of treatment with both retinoids loaded
nto sphingosine-containing liposomes (either galactosyl- or
lucosyl-sphingosine), suggesting an increase in proliferation
uring the treatments that led to results more difficult to explain.
his could also explain why same concentration of free ATRA
as not toxic at 72 h (Fig. 4) whereas it was very toxic at 48 h

Fig. 2).

.3. Cytotoxicity induced by ATRA loaded into neutral
iposomes (PC-only) containing galactosyl- and
lucosyl-sphingosine on Hep3B cell line

Since cationic liposomes containing ATRA, but devoid of
lycolipids, were toxic for Hep3B cells, we decided to change
he basic composition of the liposomes, utilizing only egg phos-
hatidylcholine (PC), trying to understand the effect induced
y the retinoids contained in liposomes, on this cell line. We
till observed a slightly more toxic effect with ATRA loaded
nto galactosyl-sphingosine-containing PC-liposomes than the
nes containing glucosyl-sphingosine, but the results were not
tatistically significant (Fig. 5). In this experiment ATRA was
ot toxic when administered into PC-liposomes, contrary to
hat was observed with cationic liposomes (Fig. 3). We used,

owever, a lower concentration of ATRA to test the effect of
C-liposomes (25 �g/ml).

Something interesting we observed in Fig. 5 was that the
ffect of ATRA together with galactosyl-sphingosine was higher
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Fig. 5. Cytotoxic effect induced by ATRA-loaded into neutral liposomes (made
only with egg PC) containing galactosyl- and glucosyl-sphingosine on Hep3B
cells. Cells were incubated with liposomes loaded with ATRA for 48 h at a
concentration of 25 �g/ml (see details in Fig. 3 legend). All treatments shown
in the figure contain retinoid. All the controls not shown (treatments without
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Fig. 6. Cytotoxic effect induced by ATRA-loaded into neutral liposomes con-
taining galactosyl- and glucosyl-sphingosine on C2C12 myoblasts. Cells were
incubated with liposomes loaded with ATRA for 48 h at a concentration of
25 �g/ml (see details in Fig. 3 legend). All treatments shown contain retinoid.
Controls not shown (treatments without retinoid) gave values higher than 90% of
viability. Experiments were performed three times and the results are expressed
as mean ± S.E. of triplicates of one representative experiment.

Fig. 7. Cytotoxic effect induced by ATRA-loaded into cationic liposomes con-
taining galacosyl- and glucosyl-sphingosine on C2C12 myoblasts. Cells were
incubated with liposomes loaded with ATRA for 48 h at a concentration of
50 �g/ml (see details in Fig. 3 legend). All treatments shown contain retinoid.
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etinoid) gave values higher than 95% of viability. Experiments were performed
hree times and the results are expressed as mean ± S.E. of triplicates of one
epresentative experiment.

han the results presented for all the other treatments, an effect
omparable to cytotoxicity induced by free ATRA. The drug
ogether with glucosyl-sphingosine was toxic too, but the effect
as significantly lower than ATRA mixed with galactosyl-

phingosine (Fig. 5). These last results were not observed pre-
iously because we did not test sphingosines free of other lipids
n the previous experiments.

We have to point out that the cytotoxic effect induced by
TRA mixed with sphingosine was significantly higher than

he effect induced by ATRA loaded into sphingosine-containing
C-only liposomes (Fig. 5).

.4. Cytotoxicity induced by retinoids loaded into neutral
PC-only) and cationic liposomes containing galactosyl-
nd glucosyl-sphingosine on myoblasts C2C12

To test the effect of retinoids in non-neoplasic cells, we chose
myoblastic cell line, C2C12, and we incubated this cell line
ith both retinoids loaded into cationic and PC-liposomes con-

aining galactosyl- and glucosyl-sphingosine (Figs. 6 and 7).
he drug concentration used was 25 �g/ml (PC-liposomes) and
0 �g/ml (cationic liposomes). As with the hepatoma cell lines,
e observed that ATRA was more toxic than 13cisRA. In the

ase of treatment with 13cisRA, we did not observe any toxic-
ty (results not shown). In the case of treatment with ATRA,
e observed that the drug was more effective when admin-

stered into the sphingosine-containing liposomes than when
t was mixed only with galactosyl- and glucosyl-sphingosine
Figs. 6 and 7). So, in the case of the myoblasts, sugar-containing
phingosines delivered together with the drug were not as effec-
ive as the drug loaded into the sphingosine-containing lipo-
omes, an effect that was observed in Hep3B cells (Fig. 5). Also,

ot statistically significant differences were observed between
he effects obtained with the drug contained into liposomes with
alactosyl- and glucosyl-sphingosine, suggesting that the effect
as not galactose-specific (Figs. 6 and 7).

t
s
a
l

ontrols not shown (treatments without retinoid) gave values higher than 95% of
iability. Experiments were performed three times and the results are expressed
s mean ± S.E. of triplicates of one representative experiment.

One of the most evident differences between the effect of
TRA in C2C12 and Hep3B cells was that liposomes with

he drug were toxic for the myoblasts (approximately 50% of
ytotoxicity) whereas same retinoid incorporated into PC-only
iposomes did not induce cytotoxicity in the hepatoma cell line
ep3B (Figs. 5–7).

. Discussion

An ideal drug delivery system should be able to direct drugs
xclusively to their desired sites of action, showing minimal

oxic exposure to sensitive non-target systems. Also the delivery
ystem itself should be pharmacologically inactive, biodegrad-
ble and practically non-toxic (Kim and Lim, 2002). Encapsu-
ation or membrane incorporation of therapeutic agents inside
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olloidal carriers has been one of the most interesting strategies
n the treatment of diseases, including cancer.

According to the criteria mention above, liposomes fit several
f the parameters to be good delivery systems, however they are
ometimes cleared very fast from circulation and some lipids
ould be toxic at certain concentrations (Filion and Phillips,
997; Chien et al., 2005).

In the case of targeting the liver, an approach that has been
ried is the introduction of sugar moieties to the basic phos-
holipid composition of the liposomes (Dragsten et al., 1987;
awakami et al., 1998; Treré et al., 1999; Wu et al., 2002). Liver

issue and other few organs in a lesser extent, have the asialo-
lycoprotein receptor in their membranes, which mediates part
f the internalization of glycosylated molecules, including gly-
olipids (Kawakami et al., 1998; Hashida et al., 2001).

In an study performed by Mehta (1989) it was reported that
ree ATRA administered to CD1 mice exerted toxic effects at
5–30 mg/kg of body weight while ATRA-loaded into lipo-
omes (made of dipalmitoylphosphatidylcholine, cholesterol
nd sterylglucoside mixture) could be tolerated to much higher
oses (120 mg/kg) possibly due to alterations in drug distribu-
ion in target tissues.

We observed that some lipids used for the preparation of
he liposomes could be very toxic for the cells, mainly cationic
ipids. This is a well known fact since cationic liposomes and
anoparticles have been widely used for a long time for DNA
elivery to the cells (Goodman et al., 2004). However, it is also
ell known that cationic liposomes are one of the best systems

or the incorporation of different kinds of substances to the cells
Dass and Su, 2001). Then, we decided to test commercial lipo-
ome preparations, either cationic or anionic, to incorporate two
ifferent naturally occurring retinoids, ATRA and 13cisRA to
wo hepatoma cell lines with different degrees of transformation.

e also made liposomes containing only phosphatidylcholine,
o test also potential toxicity of the retinoid ATRA to the hep-
toma cell line Hep3B.

We confirmed the toxicity of cationic phospholipids and we
bserved that retinoids incorporated into positively charged lipo-
omes were significantly more toxic to the cells than the free
rugs. The effect was more pronounced in the case of 13cisRA,
ince at the concentration tested here, free retinoid was unable to
nduce cytotoxicity on any of the cell lines. The effect of ATRA,
he other retinoid tested, was very strong in both cell lines, when
dministered loaded into cationic liposomes.

Negatively charged liposomes, on the other hand, had no
ffect or even protected the cells from the retinoids, there-
ore, they do not seem to be very good delivery systems,
ccording to these results. Cationic liposomes, on the other
and, seem to show promising results. However, since cationic
iposomes were still very toxic by themselves, we decided
o decrease lipid concentration and try the experiment again
ncluding sugar-containing sphingosines to increase targeting
pecificity due to possible recognition by the asialoglycopro-

ein receptor, highly expressed in liver cells. Since the receptor
ecognizes galactose and N-acetylgalactosamine (Treré et al.,
999), we included galactosyl-sphingosine in the lipid mixture,
hereas as a control we used glucosyl-sphingosine, a similar

m
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ipid that contains a carbohydrate not specifically recognized by
SGPR.
We determined that retinoids entrapped into galactosyl-

phingosine containing cationic liposomes were not better incor-
orated into the cells than free retinoids, at least they did not
nduce higher cytotoxicity at 72 h of treatment. It is evident,
owever that free hydrophobic drugs permeate plasma mem-
ranes very rapidly and liposome endocytosis cannot compete
n terms of time of internalization. For instance, it has been
hown that retinoid transfer across and between phospholipid
ilayers occurs in less than 30 s (Rando and Bangerter, 1982;
astruzzi et al., 1990), so it would be very difficult to induce an

ffect faster than that.
Similar to our results, an article using nanoparticles coated

ith galactose-carrying polymer showed that retinoic acid was
lways more toxic when added free than when incorporated into
anoparticles, which are internalized through receptor-mediated
ndocytosis (Cho et al., 2001).

Since we were looking for a delivery system that would allow
s the specific incorporation of retinoids into liver cells and at
he same time no incorporation or less capture by other tissues,
e focused on the results derived from the experiments with

ugar-containing sphingosines. So, when we did the compari-
on between liposomes containing the two different glycolipids,
e observed that galactosyl-sphingosine significantly increased

he toxicity of the ATRA treatment in Hep3B cells. Therefore,
TRA entrapped into galactosyl-containing liposomes could be

ncorporated more specifically in these cells through ASGPR,
n event that triggers the mechanisms of apoptosis induced by
he retinoid inside the cells (Arce et al., 2005).

No significant differences were observed in the treatments
ith 13cisRA in both cell lines and ATRA in HepG2 cells, when
e compared the effects of the drug in liposomes containing the
ifferent glycolipids. We cannot determine whether 13cisRA
as not toxic due to lack of cell penetration or the absence
f a receptive system (appropriate retinoic acid receptors, for
nstance) to this retinoid in the cells. We had previously shown
hat free 13cisRA induces cytotoxicity in Hep3B cells at the
oncentration used here (Arce et al., 2005), but for some reason
e did not observed the same effect in this set of experiments.
epG2 cells, on the other hand are not as sensitive as Hep3B to

hese retinoids (Arce et al., 2005) and the effect was not improved
y the incorporation of the drug into liposomes. It would be
ossible that 13cisRA is being better incorporated into the cells,
n the same way ATRA is, but the response is not triggered due
o lack of further activity.

Some of the results with HepG2 cells treated with free ATRA
re difficult to explain, such as the higher than 100% viability
esults and the fact that free ATRA was very toxic for HepG2
ells in a 48 h treatment (Fig. 2) but did not induce the same
oxicity when the treatment was prolonged 24 h more (Fig. 4).
t seems that another effect that increases MTT absorbances is
overing up the cytotoxicity results, indicating that other kind of

ethods should be used to measure cytotoxicity (or apoptosis),

o better understand these results. A possibility we mentioned
n Section 3 is the fact that it has been shown that ATRA can
nduce proliferation on hepatocytes (Ledda-Columbano et al.,
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004) suggesting that this event could be interfering with the
ytotoxicity measurement.

Studies show that hepatocytes and HCC cells have differ-
nt ASGPR expression (Hyodo et al., 1993; Treré et al., 1999)
or example, an study using immunostaining techniques showed

hat 85% of well differentiated but only 20% of poorly differ-
ntiated HCCs were positive for the presence of the receptor
Treré et al., 1999). This could partially explain the differences
btained between the two cell lines utilized in this study. HepG2
ells are somehow less transformed and could express a reduced
mount of ASGPR, showing lower retinoic acid internaliza-
ion by receptor-mediated endocytosis. In any case, the different
istribution of ASGPR and the higher expression in more differ-
ntiated HCC cells is a finding that can be exploited to improve
more specific chemotherapy approach (Treré et al., 1999).

Due to the apparent non-specific effect of ATRA-loaded into
ationic liposomes (without glycolipids), we decided to test
nother type of liposome, made only with PC, to try to elim-
nate the intrinsic toxicity due probably to the positive charges.
hese liposomes did not contain cholesterol as the other prepa-

ations, so we expect also some variations in the fluidity of their
embranes.
A previous study that measured anti-proliferative effects

nduced by retinoic acid on leukemic cell lines had shown a
etter effect when the agents were incorporated into PC-only
ontaining liposomes, compared to free drugs (Nastruzzi et al.,
990). In this study, the authors did not find any toxicity with the
mpty liposomes as we did, and suggested that the improvement
n the effect induced by PC-encapsulated retinoic acid could be
ue to an increased uptake of the drugs (Nastruzzi et al., 1990).

When we used liposomes made only with PC, we observed
o significant differences in toxicity between ATRA-loaded into
iposomes containing galactosyl- and glucosyl-sphingosine. We
lso observed here that ATRA mixed with sugar-containing
phingosine induced a better effect than liposomes containing
he retinoid, on Hep3B cells. We hypothesized that micelles
ormed between sphingosine and hydrophobic retinoid were
etter incorporated into the cells, perhaps due to their smaller
ize, since the effect seemed to be still specific and mediated
y ASGPR. Emulsions, which have an oil core, in contrast to
he aqueous core of liposomes, can provide better systems for
ydrophobic molecules, increasing therapeutic efficacy (Kim
nd Lim, 2002). Emulsion systems have been used for the incor-
oration of non-polar substances such as protoporphyrin IX (De
osa et al., 2000) and 1,25-dihydroxyvitamin D3 (Finlay et al.,
002), among others, and clinical trials have been done with
mulsion formulations of Paclitaxel (Sonus Pharmaceutical).
alactose-containing emulsion systems have also been tested

or liver delivery and internalization of lipophilic drugs through
SGPR-mediated endocytosis (Ishida et al., 2004).
For the last set of the experiments we decided to test the

ffect of retinoids loaded into PC-only containing liposomes as
ell as cationic liposomes, in a myoblast cell line (C2C12), as

model for a non-neoplasic cell type and a cell line that has

ot been reported to contain ASGPR at its surface. We observed
hat, free ATRA induced the same extent of toxicity than on
ep3B cells, and 13cisRA was also not toxic, similar to what

C
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as observed in hepatoma cells. Retinoids have been shown
o induce several effects on myotubes (long cells formed by the
usion of several myoblasts), including myogenic differentiation
nd also inhibit cell proliferation in myoblastic cell line C2C12
Stio et al., 2002).

Interestingly, we did not observed a significant difference
etween the effect of ATRA incorporated into liposomes con-
aining galactosyl- and glucosyl-sphingosine, so the hypothesis
hould be that the effect does not seem to be mediated by ASGPR
n this cell line. Another intriguing result was that the mixture
f ATRA and sphingosine was less toxic than liposomes loaded
ith the drug, the opposite of what was observed in Hep3B cells.
n the other hand, ATRA-loaded into liposomes was also more

oxic than free ATRA, an effect that was also not seen on Hep3B.
In conclusion, all these results show that even though lipo-

omes could be a good delivery system for these drugs in the
reatment of diseases such as liver cancer, the study of the
nteractions between lipids and the drugs and lipids and the mem-
ranes, as well as the specific mechanisms of internalization
simple endocytosis or receptor-mediated endocytosis), could
redict the effect that these agents would have in tumor cells.
e hypothesize that cationic liposomes are a good approach

o deliver retinoic acid to hepatoma cells, but the concentration
f lipids have to be carefully regulated and sugar-containing
ipids should be added to the mixture to decrease non-specific
ffects (decreasing toxicity on normal cells) and increase the
pecificity by triggering ASGPR-mediated endocytosis. Nega-
ively charged liposomes and PC-only containing liposomes do
ot seem to be good delivery systems for these agents. Perhaps
he best delivery system would be an emulsion prepared with
alactose-containing lipids, that would increase the specificity
f the mechanism and at the same time improve the efficacy of
he internalization due to the smaller size of the micelles com-
ared to liposomes. In vivo studies remain to be carried out to
est the effect of these specific micelles and liposomes in liver
umors present in animal models.
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