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Cisplatin in cancer tfreatment
Rosenbergs discovery in 1965 that cis-diam-
minedichloroplatinum[II] (cisplatin, Figure 1A)
caused filamentous growth of Escherichia coli 1]
was the prelude to testing cisplatin as an antican-
cer agent. Ever since, it has been in widespread
use to successfully treat several forms of cancer,
including testicular, ovarian, cervical, head and
neck, and non-small-cell lung cancer [2].
Cisplatin is administered intravenously and
once inside a cell, is hydrolyzed to form the
aquated species, [Pt(NH3)2CI(OH2)]*
[Pt(NH3)2(OH2)2]3+.
concentration of chloride ions facilitates this

and
The low intracellular

process. Compared with the dichloro species,
the aquated species are more reactive to cellular
targets that contain nucleophilic sites such as
DNA, RNA, proteins, membrane phospho-
lipids and thiol-containing molecules (3-7]. The
primary biological target of the drug is DNA:
approximately 1-5% of the total platinum
taken up by the cells binds to DNA [g8]. The
platinum atom of cisplatin forms adducts with
the N7 positions of purine bases, giving rise to
primarily 1,2- or 1,3-intrastrand crosslinks, and
to a relatively lower number of interstrand
crosslinks [9]. The stable Pe-DNA adducts inter-
fere with transcription and replication, and trig-
ger apoptosis, leading to the death of the
(cancer) cell 110].

The treatment of cancer with cisplatin is lim-
ited by side effects, including nausea, vomiting,
nephrotoxicity, ototoxicity and peripheral neu-
ropathy [11]. Nephrotoxicity can be managed by
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Platinum-based anticancer agents have been in widespread use for many years to
successfully treat many different types of cancer. However, the efficacy of these drugs is
limited by serious side effects. One of the strategies to reduce the side effects is
encapsulation of the drug in a lipid formulation. Recently, a novel method for the efficient
encapsulation of cisplatin in a lipid formulation was discovered. The method is unique in
that it does not generate conventional liposomes but nanocapsules: small aggregates of
solid cisplatin covered by a lipid bilayer. Carboplatin, a cisplatin-derived anticancer drug
with different chemical properties, was also efficiently encapsulated by a similar method.
The encapsulation in nanocapsules dramatically improves the in vifro cytotoxicity of the
platinum drugs. The nanocapsule technology may be generally applicable in
encapsulating platinum drugs with limited water solubility and low lipophilicity, and thereby
improve the therapeutic index and profile of these drugs.

pre- and post-treatment hydration combined
with the use of diuretics, as well as by serotonin-
receptor antagonists [12]. Neurotoxicity, however,
is still a significant dose-limiting side effect of
cisplatin, which is manifested by peripheral neu-
ropathy, tinnitus and high-frequency hearing loss
(11]. The clinical use of cisplatin is limited further
by extensive binding to plasma and tissue pro-
teins, which leads to a rapid loss of bioavailability,
and to inactivation of a large part of the adminis-
tered dose (up to 96% within 24 h) (13,14]. In
addition to the side effects and the rapid inacti-
vation of cisplatin, inherent and acquired resist-
ance limits application [15]. The mechanisms that
account for this drug resistance have been the
subject of intensive study. It now appears that
multiple pathways contribute, and that the pri-
mary mechanism may vary between the different
model systems investigated so far, that is,
(human) carcinoma cell lines and xenografts in
nude mice (reviewed in [16]). Mechanisms thus
far described include decreased accumulation of
platinum in the cells through decreased uptake
or increased efflux, increased DNA-repair,
increased tolerance for the platinum-DNA
adducts, and failure of apoptotic pathways
(reviewed in [2]).

Cisplatin analogues

The severe side effects of cisplatin prompted a
search for less toxic platinum analogues [17]. It
was hypothesized that the modification of cispla-
tin to contain less labile leaving groups would
alter its cytotoxicity. This led to the development
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Figure 1. Cisplatin (A), carboplatin (B),

and oxaliplatin (C).
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of cis-diammine-cyclobutane-1,1-dicarboxylato-
platinum[II] (carboplatin, Figure 1B) [17). The
leaving group of carboplatin confers good aque-
ous solubility and greater stability because it
forms a six-membered ring with the platinum
atom [18]. The substitution of the chloride leav-
ing groups for cyclobutanedicarboxylate changed
the reactivity considerably and thereby reduced
serum protein binding. It was shown that this
resulted in diminished side-effects on the kidney
and the nervous system, and caused less nausea
and vomiting, while antitumor activity was
retained [19]. However, adverse hematological
effects, in particular the occurrence of myelo-
suppression, are more frequent with carboplatin
than with cisplatin, and dose limiting in the
treatment of patients [20l. Moreover, the prob-
lems of intrinsic and acquired cisplatin resistance
persist [15].

Since the discovery of cis- and carboplatin,
thousands of additional platinum analogues
have been synthesized and screened for anti-
cancer activity in an attempt to overcome the
limitations, and to broaden the range of treata-
ble tumors. Among these compounds, only a
few have been approved for use in the clinic,
including  1,2-diamino-cyclohexane-(oxalato)-
platinum[II] (oxaliplatin) (Figure 1C), for the
treatment of colorectal cancer [21,22]. An advan-
tage of using oxaliplatin is that it can overcome
cisplatin resistance in several but not all tested
tumors [23]. Although cisplatin and oxaliplatin
form the same types of adduct at the same sites
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on the DNA, the adduct structures are distinct
and are differentially recognized by some dam-
age-recognition and mismatch-repair proteins.
These disparate recognition and processing
events are thought to contribute to differences
in cytotoxicity and differences in the range of
anticancer activities exhibited by oxaliplatin and
cisplatin [24]. Oxaliplatin treatment, however,
also results in detrimental side effects: hemato-
logic toxicity, gastrointestinal tract toxicity and
neuropathy [25].

In recent years, three new platinum com-
pounds have been introduced in the clinic in Asia:
nedaplatin  (cis-diammineglycolatoplatinum([II];
(26]) lobaplatin (D-19466; 1,2-diammino-methyl-
cyclobutaneplatinum[II]-lactate; 27)), and hepta-
platin  (SKI-2053R; cis-malonato-[4R,5R]-4,5,-
bis[aminemethyl]-2-isopropyl-1,3,-dioxolanplati-
num(II]; (28)). Although they have some advan-
tages over cisplatin (e.g., improved antitumor
activity, a slightly different therapeutic range or
an incomplete cross-resistance), they also induce
serious dose-limiting toxicities and resistance in
treated patients.

Liposomal formulations of
platinum drugs
Another strategy to reduce systemic toxicity and
prevent inactivation of platinum drugs in the
bloodstream and tissue fluid is the encapsulation
of the drug in a lipid formulation such as lipo-
somes. Moreover, a lipid formulation may over-
come platinum resistance by delivering a higher
dose of the administered drug at the site of the
tumor. Liposomes are micro-particulate or col-
loidal carriers, typically 0.05-0.5 pm in diame-
ter, which form spontaneously when certain
lipids are hydrated. They are made of nontoxic
and biodegradable material, and consist of an
aqueous volume entrapped by one or more bilay-
ers of natural and/or synthetic lipids. Systemic
treatment with liposomes leads to extravasation
and accumulation of liposomal drugs specifically
within neoplastic tissues, because of the leaky
vasculature and scarce lymphatic vessels in
tumors [29]. Moreover, the liposome drug deliv-
ery platform offers the possibility of grafting
tumor-specific ligands on the liposome mem-
brane for active targeting to tumor cells, and
potentially intracellular drug delivery [29].
Liposomally encapsulated cytotoxic drugs are
becoming an established tool in the treatment of
cancer. The liposomal anthracycline agents (doxo-
rubicin and daunorubicin) have shown that these
formulations can alter the efficacy and toxicity
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profiles of the parent compounds [30-321. Following
these initial successes, liposomal formulations of
other agents (e.g., vincristine) have entered
(pre)clinical trials [33,34], and liposomally encapsu-
lated camptothecins [3536] and topoisomerase
inhibitors [37] are under investigation.

Several liposomal formulations of cisplatin
have been developed. In SPI-077, cisplatin is
encapsulated in a soluble form in sterically stabi-
lized polyethylene glycol-coated (PEGylated or
‘stealth’), 100 nm liposomes [3839). PEG is a
physiologically stable water-soluble polymer that
prevents the access of plasma proteins to the
membrane surface by steric hindrance. Thus, it
prevents aggregation and fusion of the liposomes
and prolongs blood circulation [40,41]. Preclinical
showed that SPI-077 exhibited an
extended circulation time, increased antitumor
efficacy and reduced toxicity compared with the
free drug (38]. However, in Phase I and II studies,
SPI-077 exhibited essentially no antitumor
activity in patients [42-44]. A subsequent study in
tumor-bearing mice indicated that although
more SPI-077 distributes into tumors, it releases
less Pt into the tumor, and forms fewer Pt-DNA
adducts, as compared with free cisplatin [45].

Lipoplatin, another liposomal formulation of
cisplatin [46] did exhibit antitumor efficacy in
Phase I and II studies with reduced side effects
compared with the free drug (47], and is currently
being tested in Phase III studies. It may become
the first lipid formulation of cisplatin to enter
the clinic. Liposomal encapsulation of oxali-

studies

platin by similar technology yielded Lipoxal,
which was found to greatly reduce the side
effects of oxaliplatin in a Phase I trial without
losing efficacy 48].

Recently, multivesicular liposomes (MVLs)
with an average diameter of 17 pm containing
cisplatin were tested in preclinical studies [49].
The therapeutic efficacy of the cisplatin-MVL
preparation was reported to be significantly
higher than that of cisplatin solution in
S180 tumor-bearing mice [49]. Whether this for-
mulation of cisplatin has antitumor activity in
humans awaits future clinical studies.

Cisplatin nanocapsules

A major drawback of the aforementioned con-
ventional liposomal formulations of cisplatin is
the limited bioavailability of the drug in the
tumor [43,50]. Key factors are likely the low water
solubility (8 mM at 37°C) and low lipophilicity
of cisplatin (511, which lead to liposomal formu-
lations with relatively low drug-to-lipid molar
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ratios (in the order of 0.05-0.15). Burger ez al.
recently discovered an alternative method to
encapsulate cisplatin in a lipid formulation with
superior efficiency (52. The method, which
takes advantage of the limited solubility of the
drug in water, produces cisplatin nanocapsules,
nanoprecipitates of cisplatin that are sur-
rounded by a lipid layer. These unique nano-
structures are obtained by repeatedly freezing
and thawing an equimolar dispersion of zwitte-
rionic dioleoyl-phosphatidylcholine (DOPC)
and anionic dioleoyl-phosphatidylserine (DOPS)
in a concentrated, equilibrated aqueous solution
of cisplatin. Nanocapsules have a characteristic
bean shape with a typical width of 50 nm and a
length between 50 and 250 nm (Figure 2).
Importantly, the cisplatin nanocapsules have an
unprecedented cisplatin-to-phospholipid molar
ratio of 11:1, and an #» vitro cytotoxicity up to
100-fold higher than the free drug (Figure 2) [52].

Mechanism of formation & molecular
architecture of cisplatin nanocapsules
The formation of cisplatin nanocapsules criti-
cally depends on the freeze-thaw cycles, and on
the presence of negatively charged lipids. Instead
of DOPS, the negatively charged phospholipids
dioleoyl-phosphatidylglycerol (DOPG) and dio-
leoyl-phosphatidic acid (DOPA) can be used to
prepare cisplatin nanocapsules [52.53]. The forma-
tion of nanocapsules is incompatible with high
chloride concentration and alkaline pH (52,
conditions that prevent the formation of the
aqua species of cisplatin. These observations led
to the proposal that electrostatic attraction
between the positively charged aqua species and
the negatively charged phospholipids is crucial
for nanocapsule formation [52].

Using '’N-labeled cisplatin, Chupin ez a/. [54]
elucidated the molecular architecture of cispla-
tin nanocapsules by nuclear magnetic resonance
(NMR) methods. Cisplatin nanocapsules were
found to consist of a core of solid cisplatin vir-
tually devoid of free water, coated by a phos-
pholipid bilayer [54.. Ramachandran ez al. (55)
used atomic force microscopy (AFM) to charac-
terize cisplatin nanoliposomes that were pre-
pared according to a procedure that is very
similar to the protocol for preparing nano-
capsules. AFM force curves revealed that the
nanoliposomes containing cisplatin are stiffer
than vesicles not containing cisplatin, which
was attributed to the presence of cisplatin clus-
ters inside the liposomes [55], in agreement with
previous data [52,54].
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Figure 2. Cytotoxicity of cisplatin nanocapsules and free

cisplatin towards IGROV1 human ovarian carcinoma cells.

Cell survival (%)

125 7

100 —

~
a
|

)
)
|

o
o
|

® Free cisPt
B CisPt nanocapsules

Inset: negative stain electron micrograph of a nanocapsule.

Log [Pt] pm

448

Magic angle spinning NMR complemented by
mass spectrometry revealed the chemical composi-
tion of the nanocapsules’ solid core, which was
found to consist mainly of the dichloro species of
cisplatin with a minor contribution of a newly
identified positively charged chloride-bridged
dimer [54]. Most likely the chloride-bridged dimer
is formed as a result of the increasing concentra-
tions of the dichloro and mono-aqua species in the
remaining fluid during the freezing of water,
which facilitates the reaction between these species
(541. The chloride-bridged dimer is not stable in
the presence of water. Upon disrupting the lipid
coat, cisplatin in the core returns to the initial
equilibrium of dichloro and aqua species [54.

In addition to the bean shape and the solid
core, the physical properties of the surrounding
lipid bilayer distinguish nanocapsules from lipo-
somes with a corresponding lipid composition.
3IP-NMR revealed that the phospholipid head-
groups in the bilayer coat of cisplatin nano-
capsules are motionally restricted compared with
liposomal lipids, with part of the lipids, most
likely the DOPS molecules present in the inner
leaflet, being fully immobilized [541. These fea-
tures were attributed to the strong electrostatic
interaction between the negatively charged phos-
phatidylserine (PS) headgroup and the positively
charged solid core. In addition, the interaction
between the solid core and the stable coordination
complex that forms between PS and cisplatin [5]
could contribute to the restriction of motion [54].
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The virtual absence of free water molecules in
the nanocapsules implies that the bilayer coat
tightly covers the solid cisplatin core. This
places constraints on the flexibility of the
bilayer coat that became apparent when the
unsaturated phospholipids DOPC and DOPS
were replaced by their saturated counterparts,
which are commonly used in liposomal drug
formulations. Whereas the unsaturated phos-
pholipids are in the liquid crystalline phase at
the temperature of nanocapsule formation, the
saturated phospholipids are in the gel-state, and
as a consequence they lack the flexibility to
cover the cisplatin nanoprecipitates during the
freeze-thaw cycles [53].

Based on the data summarized above, a
model for the formation of nanocapsules as
depicted in Figure 3 was proposed [52,54]. Cispla-
tin is concentrated in the residual fluid during
freezing, giving rise to nanoprecipitates of
dichloro-cisplatin that are covered by positively
charged chloride-bridged dimers of cisplatin.
Subsequently,  the  negatively  charged
DOPC/DOPS vesicles interact with the posi-
tively charged nanoprecipitates and reorganize
to wrap them. The resulting nanocapsules do
not dissolve upon thawing.

Stability of cisplatin nanocapsules

The stability of the nanocapsules is crucial for a
possible future clinical application, and should
therefore be optimized before animal testing.
The DOPC/DOPS cisplatin nanocapsules sus-
pended in water release their contents in a tem-
perature-dependent way [53. While stable at
4°C, they lose their contents with a half time of
6.5 h at 37°C. Interestingly, the formulations
containing other anionic lipids were less stable.
For example, the DOPC/DOPG formulation
in water rapidly released all of its contents
within 2h at 37°C. As PS forms a stable
coordination complex with cisplatin whereas
PG does not [5], the cisplatin-PS complex was
suggested to play a role in nanocapsule stability.
By varying the nanocapsules’ content of cis-
platin-PS complex, it was shown that the
presence of cisplatin—PS complex reduces the
rate of release of contents [53]. Conceivably, the
initially electrostatic interaction of the solid
core of the nanocapsules with the bilayer is sta-
bilized as the cisplatin—PS coordination com-
plex forms. In addition, it is possible that
complex formation influences the permeability
properties of the bilayer coat by affecting the
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Upon resuspension in mouse serum, the
DOPC/DOPS nanocapsules immediately col-
lapsed, irrespective of the inclusion of 40%
(mol/mol) of cholesterol in the formulation to
reduce membrane permeability [53]. The presence
of the negatively charged PS, a prerequisite for
the formation of nanocapsules, is most likely the
cause for the instability in serum. Although part
of the PS reacts with cisplatin to form the neutral
cisplatin—PS coordination complex, the remain-
ing negative surface charge (52 probably leads to
high-affinity binding of serum proteins to the
bilayer coat, destabilizing the nanocapsules.

Coating nanocapsules with PEG shields the
surface charge, thus reducing the binding of
proteins [411. Upon incorporation of 1,2-dis-
tearoyl-sn-glycero-3-phosphoethanolamine-/V-
(poly[ethyleneglycol]2000) [DSPE-PEG2000]
up to 6 mol% of total phospholipid content,
cisplatin nanocapsules were obtained with a

yield, cisplatin-to-phospholipid molar ratio,
and  morphology indistinguishable from
DOPC/DOPS nanocapsules [53]. The stability
of the cisplatin nanocapsules in serum was dras-
tically improved by incorporating 6 mol% of
DSPE-PEG2000. The in vitro cytotoxicity of
the PEGylated nanocapsules was comparable to
that of the standard DOPC/DOPS nano-
capsules. It is expected that the increase in sta-
bility will be beneficial in in vivo experiments. A
further increase of the DSPE-PEG content
destabilized the nanocapsules, possibly by
impairing the interaction between the cisplatin
core and the bilayer coat (53], due to steric
hindrance and/or the presence of polyethylene
glycol hydration water [39]. Cisplatin nano-
capsules containing 6 mol% DSPE-PEG will
serve as the starting formulation for in vive
studies addressing the antitumor efficacy of
cisplatin nanocapsules in tumor-bearing mice.

Figure 3. Model for the mechanism of nanocapsule formation by freeze-thawing.

Partial hydrolysis of cisplatin in water yields the positively charged mono-aquated species of cisplatin. Neutral and positively charged
species of cisplatin are present in a suspension of negatively charged liposomes before freeze-thawing (A). The formation of ice results in
aggregation of the neutral cisplatin species (B), in the formation of the positively charged chloride-bridged dimers and their
co-aggregation with the cisplatin nanoprecipitates (C), followed by interaction of the positively charged cisplatin nanoprecipitates with
the negatively charged liposomes (D), that after thawing yields bilayer-encapsulated aggregates (nanocapsules) of cisplatin (E).
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Carboplatin nanocapsules

Encapsulation in nanocapsules promises to
improve the therapeutic index and range of cis-
platin. However, it was not immediately evident
that the method for preparing nanocapsules
could be applied to other platinum-based drugs
with different properties, such as carboplatin. To
test the applicability of the new nanocapsule
technology to other platinum-based anticancer
drugs, Hamelers ez al. attempted to encapsulate
carboplatin in nanocapsules [56]. Carboplatin is
chemically distinct from cisplatin:

* The molecule is overall more hydrophobic
owing to the substitution of the chloride
leaving groups by cyclobutanedicarboxylate
(Figure 1)

¢ Carboplatin is fivefold more water-soluble
than cisplatin [19,51]

* The rate of hydrolysis of carboplatin is much
slower [57]

When the initial protocol developed for cis-
platin [58] was applied to carboplatin with some
minor modifications, a lipid formulation
enriched in carboplatin was obtained [56].

The encapsulation in nanocapsules strongly
improves the cytotoxicity of carboplatin towards
ovarian, renal and non-small-cell lung carci-
noma cells 7z vitro (56. The improved cytotoxic-
ity of the carboplatin nanocapsules was found to
be due to an increase in cellular accumulation of
the drug after treatment with the nanocapsules
as compared with the accumulation in cells
treated with free carboplatin [56]. Like the for-
mation of cisplatin nanocapsules, the formation
of carboplatin nanocapsules strictly depends on
the freeze-thaw steps and the presence of nega-
tively charged lipids (s6l. However, there are also
some obvious differences in the nanocapsule
formulations of cisplatin and carboplatin: the
drug-to-lipid molar ratio of the carboplatin
nanocapsules is much lower (0.72:1; (56]) than
that of the cisplatin nanocapsules (11:1; [52]).
Recent data suggest that this difference in drug-
to-lipid molar ratio is also reflected in a differ-
ence in the structure of the particles (LH.L. Hamel-
ers, Unpublished Results). Moreover, the carboplatin
nanocapsules are much more stable in water and
in mouse serum compared with the cisplatin
nanocapsules (LH.L. Hamelers, Unpublished Results). In
addition, the content of negatively charged lip-
ids in the formulation of carboplatin could be
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reduced to at least 20% without a loss of yield or
cytotoxicity [56], which is advantageous in view
of clinical applications.

Conclusion & future perspective

The formation and action of cisplatin and car-
boplatin nanocapsules show some remarkable
parallels. Freeze-thawing and negatively charged
lipids are required for formation, and the result-
ing lipid formulations contain an encapsulated
drug concentration that exceeds the solubility
limit of the drug [52.56]. These findings suggest
that carboplatin and cisplatin nanocapsules are
formed via similar mechanisms, despite the
obvious differences in chemical structure, aqua-
tion rate and solubility in water between the two
drugs. Future studies will address the molecular
requirements for encapsulating (platinum) com-
pounds in nanocapsules. In this context, the role
of PS and the formation of platinum-PS coordi-
nation complexes deserve special attention.
Both the cisplatin and the carboplatin nano-
capsule formulations are extremely cytotoxic
in vitro [52,56]. Moreover, cisplatin nanocapsules
were reported to bypass the resistance of a cispl-
atin-resistant cell line with impaired cisplatin
influx (591. The mechanism(s) underlying the
strongly enhanced cytotoxicity of the nano-
capsules including the route of entry into cells is
under investigation.

The most important challenge facing us is to
translate the nanocapsules to formulations for
clinical use. Current research is directed towards
optimizing the nanocapsule preparations in
terms of size, surface charge and stability, in
order to address the antitumor efficacy in tumor-
bearing mice. With their unsurpassed encapsula-
tion efficiency, nanocapsules present a promising
new drug delivery system for (platinum) anti-
cancer drugs with limited water solubility and low
lipophilicity that may improve the therapeutic
index and profile of these drugs.
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Executive summary

Platinum drugs in cancer treatment

e Cisplatin has been in widespread use to successfully treat several forms of cancer, including testicular, ovarian, cervical, head and
neck, and non-small-cell lung cancer.

o Cisplatin forms stable Pt-DNA adducts that interfere with transcription and replication, and trigger apoptosis leading to the death
of the (cancer) cell.

e Treatment of cancer with cisplatin is limited by side effects, rapid inactivation in the bloodstream and the occurrence of inherent
and acquired resistance.

e Carboplatin and oxaliplatin are cisplatin analogues with reduced side effects and a different therapeutic range, respectively.

Liposomal formulations of platinum drugs

¢ To reduce systemic toxicity and to prevent inactivation of platinum drugs in the bloodstream and tissue fluid, the compounds have
been encapsulated in liposomes.

e A major drawback of the conventional liposomal formulations of cisplatin is the limited bioavailability of the drug in the tumor.
Key factors are likely to be the low water solubility and low lipophilicity of cisplatin, leading to liposomal formulations with low
encapsulation efficiencies.

Cisplatin nanocapsules

¢ An alternative method to encapsulate cisplatin in a lipid formulation with superior efficiency is based on the repeated freeze-
thawing of an equimolar dispersion of zwitterionic dioleoyl-phosphatidylcholine (DOPC) and anionic dioleoyl-phosphatidylserine
(DOPS) in a concentrated, equilibrated aqueous solution of cisplatin.

e The method produces cisplatin nanocapsules, bean-shaped nanoprecipitates of cisplatin covered by a single lipid bilayer, with an
unprecedented cisplatin-to-phospholipid molar ratio of 11:1, and exhibiting an in vitro cytotoxicity up to 100-fold higher than the
free drug.

e Formation of cisplatin nanocapsules critically depends on the freeze-thaw cycles, and on the presence of negatively charged lipids.
Electrostatic interaction between the positively charged cisplatin species and the negatively charged phospholipids is proposed to
be crucial for nanocapsule formation.

e The stability of cisplatin nanocapsules in mouse serum has been drastically improved by incorporation of 1,2-distearoyl-sn-glycero-
3-phosphoethanolamine-N-[poly(ethyleneglycol)2000] (DSPE-PEG2000), setting the stage for addressing the antitumor efficacy of
cisplatin nanocapsules in tumor-bearing mice.

Carboplatin nanocapsules

e Although carboplatin is chemically distinct from cisplatin, it can be encapsulated in nanocapsules that exhibit a strongly enhanced
cytotoxicity towards ovarian, renal and non-small-cell lung carcinoma cells in vitro, compared with the free drug.

Future perspective

¢ With their high encapsulation efficiency, nanocapsules present a promising new drug delivery system for (platinum) anticancer

drugs with limited water solubility and low lipophilicity that may improve the therapeutic index and profile of these drugs.
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