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Summary Liposomal formulations of cisplatin and oxalipla-
tin (Lipoplatin™ and Lipoxal™, respectively) were recently
proposed to reduce systemic toxicity, while optimizing the
anti-cancer effectiveness of these compounds. As the anti-
neoplastic or radio-sensitizing activity of these drugs is
attributed to their binding to DNA, we assessed the impact
of the liposomal formulations on the time course of
accumulation of these platinum compounds in the human
colorectal cancer HCT116 cell lines and their distribution
between cytoplasm and DNA. Their cytotoxicity was deter-
mined by colony formation assay. Intracellular platinum and
platinum bound to DNAwasmeasured by inductively coupled
plasma mass spectrometry. Although, as a chemotherapeutic
agent, cisplatin was as efficient as oxaliplatin after exposure
for a short time, oxaliplatin and Lipoxal™ became more
active than cisplatin against HCT116 cells after 24 h
incubation. Lipoxal™ displayed a higher accumulation in
the cytoplasm of HCT116 cells compared to free oxaliplatin,
consistent with its proposed mechanism of fusion with the cell
membrane. The distribution cytoplasm/DNA of free cisplatin
and Lipoplatin™ were similar. Conversely, Lipoxal™ had a
significantly different cytoplasm/DNA distribution from

oxaliplatin: more than 95% of oxaliplatin transported by the
liposome was trapped in the cytoplasm, even after 48 h
incubation. Our study indicates that Lipoxal™ can largely
improve the cellular uptake of oxaliplatin, but this was not
followed by a similar increase in the DNA bound fraction.
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Introduction

Despite its nephrotoxicity and bone marrow toxicity, cisplatin
(CDDP) has shown significant antineoplastic and radiosensi-
tising activity for various solid tumours [1]. Oxaliplatin has
shown a much better tolerance and similar or superior
activity in different tumors compared to CDDP [2, 3].
Combined with 5-fluorouracil and folinic acid, oxaliplatin
improved the response rate, progression free and overall
survival of patients with advanced colorectal cancer. Al-
though no nephrotoxicity has been observed, the adminis-
tration dose was still limited by the development of a
neurotoxicity [4].

Lipoplatin™ and Lipoxal™, the liposomal formulation of
CDDP and oxaliplatin, have been designed with the aim of
reducing systemic toxicity, while simultaneously improving
the targeting of drugs to primary tumor and metastases [5, 6].
Preclinical studies in animal models supported an important
reduction of nephrotoxicity when administrating Lipopla-
tin™ compared to CDDP [7]. In a phase I study, no
nephrotoxicity was observed in the patients, even at a dose
of 300 mg/m2 [8]. Same trend was observed with Lipoxal™,
which was better tolerated with fewer side effects than in
patients receiving oxaliplatin [6]. Reduction of the systemic
toxicity with Lipoplatin™ and Lipoxal™ did not seem to
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decrease their therapeutic potential, as suggested by preclin-
ical and few clinical reports [9, 10].

As radiosensitisers, only CDDP is routinely included in
radio-chemotherapy protocols for different cancers [1, 11].
Preliminary data on the added benefit of oxaliplatin to 5-
flurouracil and radiotherapy for rectal cancer are inconsistent,
and requires further evaluation to determine the best
combination and schedule [12].

For all these drugs, especially the liposomal formulations,
important information regarding their ability to improve the
accumulation of platinum in DNA is still missing, although it
is of paramount importance to schedule a radiotherapy in
combination with any of these compounds.

In the present study, we assess the time course of
intracellular platinum accumulation and DNA binding for
each of these compounds in the human colorectal cancer
HCT116 cells.

Materials and methods

Cell culture and drugs

The HCT116 human colorectal carcinoma cell line obtained
from ATCC were routinely cultures in modified Eagle’s
medium (MEM) (Sigma-Aldrich, Oakville, Canada) supple-
mented with 10% fetal bovine serum (FBS), 2 mM
glutamine,1 mM sodium pyruvate, 100 units/ml penicillin
and 100 μM streptomycin in a fully humidified incubator at
37°C in an atmosphere containing 5% CO2. Cisplatin was
purchased from Sigma-Aldrich, while oxaliplatin was
obtained from Sanofi-Aventis Canada through the pharmacy
of the Centre Hospitalier Universitaire de Sherbrooke.
Lipoplatin™ and Lipoxal™, the liposomal formulation of
cisplatin and oxaliplatin respectively, were generously
provided by Regulon Inc. (Athena, Greece). Their chemical
structures are illustrated on Fig. 1. All platinum solutions
were freshly prepared before usage in FBS-free MEM.

Clonogenic assay

The anticancer potential of platinum compounds was assessed
by using a colony formation assay. Briefly, 103 cells from a
single-cell suspension were seeded into 100-mm cell culture
dishes containing 10 ml of culture medium and incubated at
37°C in a humidified atmosphere containing 5% CO2 for
24 h. After removal of the culture medium, the cells were
washed with PBS before treatment with platinum com-
pounds at appropriate concentrations and further incubated
for the desired period. Thereafter, the drugs were removed
and the cells were incubated for another 7 days to allow the
formation of colonies. Cells were fixed and stained with
0.1% crystal violet, after washing with tap water. Colonies

containing more than 50 cells were counted manually to
calculate the clonogenic survival fractions. For each treat-
ment, three parallel samples were scored and the assays were
repeated for 3 independent experiments. The relative colony
formation (% clonogenic survival) was plotted against drug
concentrations, and the concentration of platinum compound
leading to a 50% reduction of colony formation (IC50) was
calculated.

Cellular uptake of platinum compounds

HCT116 cells (6×104/plate) were incubated for 48 h in 100-
mm tissue culture plates. Cells were then incubated at 37°C
for 1, 4, 8, 24 or 48 h with a platinum compound at the IC50

concentration previously measured after 4 h incubation with
the drug. Cells were then washed twice with PBS, harvested
by trypsinization, resuspended in PBS and counted. The
quantity of platinum accumulated in HCT116 cells was
determined with an inductively coupled plasma mass
spectrometer (ICP-MS, ELAN DRC-II, PerkinElmer). Brief-
ly, cell suspensions were treated with 23% of nitric acid, 8%
H2O2 and wet autoclaved for 1 h. The solutions were then
injected as is in the ICP-MS to quantify the intracellular
platinum. Cell-uptake platinum was expressed as ng of
platinum per 1×106 cells. As internal controls, platinum and
thallium (m/z 195 and 205, respectively) were quantified in
untreated cells.

Binding of platinum to DNA

Cells (25×104/plate) were incubated with platinum com-
pounds at their respective IC50 for 1, 4, 8, 24 or 48 h. DNA
was extracted according to a salting-out procedure [13].
Briefly, cells were washed twice with warm PBS, harvested
after trypsinisation, and centrifuged at 1300× g for 3 min.

Fig. 1 Chemical structures of platinum-based drugs studied and
schematic of a liposome
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The cell pellets were cleaned one time with PBS and
centrifuged another time, followed by resuspended in 3 ml of
a lysing buffer containing 10 mM Tris-HCl, 400 mM sodium
chloride and 2 mM EDTA. To this cell suspension, 0.1 ml
sodium dodecylsulfate (SDS 20%) and 0.5 ml proteinase K
(10 mg/ml, DNase free) were added and incubated overnight
at 37°C. The DNA was precipitated by adding of 1.2 ml of
5 M sodium chloride. The tube was agitated for 1 min,
centrifuged at 2500× g for 15 min and then the supernatant
was transferred to another tube. The DNA was precipitated
with 2.5 vol. of 95% ethanol, the tube was gently inverted
for 30 s, and the DNAwas spooled out and air-dried briefly.
The DNA was dissolved in TE buffer (10 mM Tris-HCl,
1 mM EDTA, pH 8.0) and RNase A (0.05 ml of a 10 mg/ml
solution) was added and incubated for 1 h at 37°C. The
DNA was precipitated a second time with ethanol as
described above and redissolved in TE buffer. The amount
of DNA extracted was evaluated by measuring the absor-
bance of the DNA solution at 260 nm (A260) with a
spectrophotometer (Synergy HT, BIO-TEX) and calculated
using the following equation: A260×50 (μg/ml). Concentra-
tion of platinum was expressed as ng of platinum per μg
DNA. No platinum was detected in the untreated control
cells.

Statistical analysis

The mean±SD were calculated. P<0.05 was considered
statistically significant (two-tailed paired Student’s t-test).

Results

Cytotoxicity potential

The IC50 values for the platinum compounds tested are
reported in Table 1. After 4 h incubation with the drugs,
higher concentrations of Lipoplatin™ and Lipoxal™ were
required to reduce the cell survival by 50% compared to their
free analogs cisplatin and oxaliplatin. Since the rate of
platinum accumulation in cancer cells in vitro could be
reduced when the drugs were transported into liposomes, the
incubation time with the drugs was extended to 24 h (Table 1).
In this case, lower concentrations for all the platinum drugs
were required to reach the IC50. The free cisplatin and
oxaliplatin still led to a better anticancer effect than their
respective liposomal formulation, the most effective platinum
drug being oxaliplatin for treating the HCT116 cells.

Time course of cellular accumulation

The time course of platinum compounds accumulated in
HCT116 cells is shown in Fig. 2. After 4 h incubation,

cisplatin, oxaliplatin and Lipoxal™ accumulated at similar
levels in the HCT116 cells (≈ 1 ng Pt / 106 cells). Although
incubation with Lipoplatin™ led to the same level of
cytoxicity (IC50), the concentration of platinum measured in
the HCT116 cells using this liposomal formulation was
about 3-fold higher than the other platinum compounds.

Incorporation of oxaliplatin into liposomes considerably
improved cellular uptake. While the cellular concentration
of free oxaliplatin has reached a plateau after 24 h
incubation, its liposomal formulation Lipoxal™ continued
to accumulate in HCT116 cells even after 48 h incubation.

Regarding cisplatin and Lipoplatin™, the uptake was
initially accelerated with the liposomal preparation. How-
ever, a similar accumulation in HCT116 cells was measured
after 48 h incubation.

Accumulation of the platinum compounds in HCT116
cells induces DNA damages that could result in cell death,
and consequently a reduction of cell number. Cisplatin,
oxaliplatin and Lipoxal™ accumulated initially in the
HCT116 cells at a similar level and they led to an
equivalent reduction of cell number as shown in Fig. 3.
Regarding Lipoplatin™, an initial reduction of cell number

Table 1 IC50
a values of the platinum compounds for the HCT116

cells

Platinum compounds Incubation time

4h 24h

Cisplatin 7.5±0.7 1.25±0.1

Oxaliplatin 7±2.2 0.15±0.02

Lipoplatin™ 70±10.5 5.5±3

Lipoxal™ 21±2.7 0.5±0.2

a IC50 in μmol/l ± S.D.

Fig. 2 Time course of platinum derivatives accumulation in HCT116
cells. Cells were incubated at the IC50 concentrations previously
measured after 4 h incubation. The amount of platinum accumulated
in the cells was measured by ICP-MS. Each point represents the
mean±SD (n=3)
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was followed 24 h later by a significant recovery of the cell
proliferation capacity. This result contrasts with the higher
ability of this liposomal formulation to accumulate plati-
num in the cells during the first 24 h incubation, compared
to the other platinum compounds.

DNA accumulation

Binding of the four platinum compounds to DNA are
compared in Fig. 4. For the same level of toxicity (IC50)
after 4 h incubation, cisplatin and oxaliplatin accumulated
in DNA at a similar level. However, when included into
liposomes, much lower quantities of cisplatin and oxalipla-
tin were linked to DNA for the same cytotoxicity level.

After 24 h incubation, lower concentrations were
required to reach the IC50 for all platinum compounds
(Table 1). A similar reduction (4–5 folds) of cisplatin and
oxaliplatin accumulated in DNA was also measured
(Fig. 4). Conversely, their respective liposomal formulation
resulted in better accumulation in DNA than recorded with
IC50 after 4 h incubation. DNA binding measured for
Lipoplatin™ was even higher than that measured with
cisplatin.

The kinetic of platinum uptake in DNA was then
followed up to 48 h, with concentrations of platinum
compounds leading to the IC50 measured after 4 h
incubation. For the free cisplatin and oxaliplatin, the rapid
initial accumulation in DNA was followed by a progressive
reduction which seem to slowly stabilized at about 0.14 ng
Pt/μg DNA (Fig. 5). When included in their liposomal
formulation Lipoplatin™ and Lipoxal™, their kinetics of
accumulation in DNA were much slower starting at a level
more than 10 times lower. After 48 h incubation, Lip-
oplatin™ led to a level of DNA accumulation approaching
that of the free cisplatin. Lipoxal™ bound about 4 times

less platinum to DNA compared to the other compounds
(Fig. 5).

After entering the cancer cell, the distribution of
platinum compounds between the cytoplasm and the
nucleus could affect their anti-cancer potential. The kinetics
of their distribution was therefore assessed to determine the
impact of the liposomal formulation (Fig. 6).

After 4 h incubation with the HCT116 cells, the majority
of the cisplatin was found in DNA. This equilibrium then
moved to the cytoplasm where more than 90% of the
cisplatin was measured after 48 h incubation with the cells
(Fig. 6a). For oxaliplatin, the maximal accumulation and
distribution in DNA was measured after 8 h incubation. As
observed with cisplatin, most of the oxaliplatin accumulat-
ed after longer exposure to the cells was mainly found in

Fig. 3 Cell proliferation in presence of the platinum derivatives. Cells
were incubated at the IC50 concentration previously measured after 4 h
incubation. Each point represents the mean±SD (n=3)

Fig. 4 Amount of platinum bound to DNA after exposing the
HCT116 cells to platinum drugs for 4 and 24 h. Cells were incubated
at the IC50 concentrations previously measured after 4 h ( ) and 24 h
( ). The amount of platinum bound to DNA was measured by ICP-
MS. Each point represents the mean±SD (n=3)

Fig. 5 Time course of platinum binding to DNA after exposing the
HCT116 cells for 4 h. Cells were incubated at the IC50 concentrations
previously measured after 4 h. The amount of platinum accumulated
in the cells was measured by ICP-MS. Each point represents the
mean±SD (n=3)
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the cytoplasm (Fig. 6b). Lipoplatin™ resulted in a
generally lower distribution of platinum in DNA compared
to the free cisplatin (Fig. 6c). Again, the platinum was
mainly measured in the cytoplasm after 48 h incubation.

A completely different distribution compared to free
oxaliplatin was observed (Fig. 6d) with Lipoxal™: despite
the higher cell uptake reached (Fig. 2), most of the
Lipoxal™ remained in the cytoplasm and the fraction
bound to DNA never exceeded 5% (Fig. 6d).

Discussion

Liposomal formulations of cisplatin and oxaliplatin (Lip-
oplatin™ and Lipoxal™) have been proposed to reduce the
systemic toxicity of these platinum compounds, while
optimizing their anti-cancer effectiveness [5, 6]. In the
present study, effects of the liposomal formulations in the
time course of the cellular accumulation of these platinum
compounds and their distribution between cytoplasm and
DNA were evaluated.

The relative cytotoxicity of cisplatin, oxaliplatin and
their respective liposomal formulations Lipoplatin™ and

Lipoxal™ varied according to the incubation time with the
colorectal carcinoma cells HCT116. As expected, lower
concentration of all these platinum compounds were
required to reach the IC50 after 24 h incubation, than
measured after 4 h incubation. Although cisplatin was as
efficient as oxaliplatin after a short exposure time,
oxaliplatin either under its free form or transported in the
liposome Lipoxal™ became more efficient than cisplatin
for treating the HCT116 cells after 24 h incubation. The
highest effectiveness of oxaliplatin corresponds to clinical
observations showing that DNA mismatch repair (MMR)
deficient colorectal cancer cells, such as the HCT116 cells,
are more sensitive to oxaliplatin than cisplatin. The
oxaliplatin DNA-adducts are apparently not recognized or
processed by the MMR system in the same way as cisplatin
DNA-adducts. The structural basis for the lack of oxalipla-
tin recognition is unclear and could involve a distortion in
DNA that is distinct from that produced by cisplatin [14].

In our study, the concentration of free cisplatin has to be
about 8-fold higher than that of oxaliplatin to reach similar
accumulations in DNA and lead to the same level of cancer
cell toxicity. Similar results were reported by Kitada et al.
[15]. These results further supported the hypothesis that

Fig. 6 Distribution of platinum compounds in cytoplasm ( ) or bound to DNA ( ). Each point represents the mean±SD (n=3)
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oxaliplatin adducts are not efficiently processed by the
MMR deficient HCT116 cells as it is the case with cisplatin
adducts.

Mechanisms responsible for saturation of the cellular
uptake of free oxaliplatin remain unclear. Platinum
compounds accumulation was reported to occur through
some copper transporters such as the uptake transporter
hCtr1 and the polyspecific organic cation transporter of
hOCT1 [16]. Conversely, platinum compounds can be
pumped out through the efflux transporters ATP7A and
ATP7B, suggesting a contribution of these transporters to
the sensitivity of cells [17–19]. A decrease in the
accumulation of platinum is reported to be the most
common mechanism of resistance [20]. Our study sup-
ports that incorporation of oxaliplatin in the liposome
Lipoxal™ largely improved its accumulation in the
HCT116 cells. This result suggests that liposomes can
bypass the uptake and efflux transporters, and potentially
could increase the anti-cancer activity of oxaliplatin.
These data further support the proposal [10] that liposomal
encapsulation promotes fusion of the liposome nano-
particle with the cell membrane resulting in higher cellular
accumulation compared with the free drug. Thus, liposo-
mal platinum drugs could find clinical application as
second-line therapy treatments after front-line platinum
drug-treatment against tumors in patients with resistance
developed at the level of cell membrane rather than at the
level of faster repair of DNA lesions or increased levels of
glutathione.

Regarding cisplatin, it continued to accumulate in a
time-dependent manner. Its incorporation into the liposome
Lipoplatin™ accelerated its cellular uptake during the first
24 h of exposure; but no significant improvement was
measured when the exposure time was extended to 48 h.
Therefore, the uptake and efflux transporters seemed to be
less limiting for cisplatin in HCT116 cells.

The major target of platinum-based drug is DNA.
Thus, when a platinum complex enters a tumor cells,
cytotoxicity is not yet assured until drug enters the
nucleus and reacts with DNA [21]. It was suggested that
Lipoplatin™ and Lipoxal™ directly fusion with the
membrane of the tumor cell to deliver their contents
[22]. On the other hand, liposomes can also delivery their
content by endocytosis. The resulting endosome ferry the
platinum throughout the cytoplasm and fuse with a
lysosome to form an endolysosome, followed by the
release of the drugs. The rate of these events varies
typically from half to several hours [23].

We have determined whether delivery of cisplatin and
oxaliplatin through the liposome Lipoplatin™ and Lip-
oxal™ affected their cytoplasm/DNA distribution. Using
isotoxic doses, Lipoplatin™ initially reduced the distribu-
tion of cisplatin to DNA, but a similar distribution

cytoplasm/DNA was measured after 48 h incubation. On
the other hand, Lipoxal™ has largely modified the
distribution cytoplasm/DNA of oxaliplatin. More than
95% of oxaliplatin accumulated in cancer cells was trapped
in the cytoplasm, even after 48 h incubation. These results
suggest that different pathways for delivering cisplatin and
oxaliplatin occurred when in their liposomal formulation.
The cell uptake study showed that Lipoxal™ and Lip-
oplatin™ led to similar platinum accumulations, although
Lipoplatin™ initially accelerated the accumulation of
cisplatin. However, the lower accumulation of oxaliplatin
in DNA indicates that oxaliplatin seems to be entrapped in
the cytoplasm when delivered by Lipoxal™. Conversely,
Lipoplatin™ behaved quite differently, leading instead of
an improvement of cisplatin accumulation in DNA. These
results suggest that cispaltin transported by its liposomal
formulation may be released at a faster rate from the
endolysosome. Another hypothesis is that the delivery
pathway through the direct fusion of the liposome with
the membrane of the tumor cell could be more efficient for
Lipoplatin™ than Lipoxal™.

In general, the degree of cytotoxicity correlated with the
amount of platinum bound to DNA [18]. In our study,
Lipoxal™ was a more efficient anti-cancer agent than
Lipoplatin™, although much less platinum was accumulat-
ed into DNA using this liposome. These results suggest that
either oxaliplatin is distributed in DNA following a
different and more efficient pathway than cisplatin when
carried under their liposomal formulation, or oxaliplatin
reacts with different sensitive targets in the cytoplasm. A
third hypothesis could be that cisplatin DNA-adducts are
removed less efficiently in the MMR deficient HCT116
cells than the oxaliplatin DNA-adducts resulting in a higher
accumulation of cisplatin in DNA. One additional sugges-
tion is that platinum drugs kill cancer cells by modulating
signalling pathways that are different than those of DNA
damage-induced apoptotic pathways [10]; in this case,
Lipoxal™ could activate a more potent signal transduction
regulatory pathway leading to apoptosis in cancer cells than
Lipoplatin™.

In conclusion, incorporation of oxaliplatin into the
liposome Lipoxal™ largely improved its accumulation in
the HCT116 cells. However, for the same cytotoxic effect
(IC50), less platinum was bound to DNA when using
Lipoxal™. Animal studies are required to determine the
anti-cancer effect of Lipoxal™ and its potential advantage
in reducing the systemic toxicity of oxaliplatin.
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