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Abstract. Cisplatin is one of the most widely used and
effective chemotherapeutic agents for the treatment of several
human malignancies. Although the effectiveness of cisplatin is
high, its toxicities justify the demand of improved formulations
of this drug. A liposomal formulation of cisplatin,
LipoplatinTM, was developed in order to reduce the systemic
toxicity of cisplatin. Mice and rats injected with cisplatin
developed renal insufficiency with clear evidence for tubular
damage, but those injected with the same dose of Lipoplatin
were almost completely free of kidney injury. The maximum
level of total platinum in rat kidneys after intraperitoneal
bolus injection of cisplatin or Lipoplatin at similar doses were
similar, but the steady state accumulation of total platinum in
kidney was 5 times higher for cisplatin compared to
Lipoplatin. This is proposed as one mechanism to explain the
low renal toxicity of Lipoplatin.

The introduction of cisplatin, and later of carboplatin, were
milestone achievements in molecular oncology (1). Cisplatin
is one of the most widely used and effective chemotherapeutic
agents for the treatment of several human malignancies (2, 3).
A number of additional platinum drugs are undergoing clinical
trials, a greater number are being evaluated in cell cultures or
animal models, and an even higher number of platinum
compounds have already been synthesized, tested and
abandoned. The success of cisplatin lies in its ability to induce
DNA damage, resulting in bulky adducts as well as intra- and
inter-strand crosslinks (4); the cell, then, needs to
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activate sophisticated DNA repair pathways for their
elimination. Cisplatin adducts and crosslinks can arrest DNA
synthesis by inhibiting DNA polymerase-catalyzed chain
elongation at the replication fork in proliferating cells such as
tumor cells. In addition, platinum drugs can induce oxidative
stress, and activate stress-signaling pathways and apoptotic
pathways in tumor cells (5, 6).

The  e ffica c y of cisplatin is  dose  de pe nde nt, but the signific ant
ris k of ne phrotoxicity fre quently hinders  the  us e of highe r dos es 
to ma ximiz e  its  antineopla stic  effe c ts  (7, 8). C is pla tin
a cc umula te s  in c ells  from all nephron se gme nts  but is 
pre fe rentia lly taken up by the  highly sus ce ptible proximal tubule 
c ells  within the  S3 s egme nt, w hic h bea r the  brunt of the  dama ge 
(9-13). Ne phrotoxicity following cis platin tre atme nt is  common
a nd ma y ma nifes t a fte r a s ingle  dos e  w ith a cute re nal fa ilure  or
may pres ent w ith a  c hronic  s yndrome  of re na l e le ctrolyte 
w as ting. D e spite  various hydra tion protoc ols des igned to
minimize  the ne phrotoxicity, a pproxima te ly one -third of
patie nts  w ho re c eive  cisplatin de ve lop e videnc e for a cute re nal
failure (14-16). This  c an ha ve  ma jor c ons eque nce s in te rms  of
morta lity a nd morbidity, e spec ially in the fa c e of co-morbid
c onditions  such as  thos e relate d to the prima ry ma ligna ncy (17,
18). Severa l the ra pe utic maneuvers have prove n to be
e ffic a cious  in the  trea tme nt of c is pla tin-induce d nephrotoxic ity
in a nima ls (12). H owe ve r, suc ce ss ful huma n e xperience s  have 
remained la rgely a ne c dota l (19). The  deve lopme nt of les s  toxic
a lternative s to cisplatin ha s the re fore remained a  ma jor
c ha lle nge.

In this study, we report the properties of a new drug termed
LipoplatinTM, a liposomal formulation of cisplatin developed
in order to reduce the systemic toxicity of cisplatin. When
compared with cisplatin, an equal dose of Lipoplatin resulted
in significantly less structural and functional evidence for
nephrotoxicity in mice and rats. The maximum level of total
platinum in rat kidneys after intraperitoneal bolus injection of
cisplatin or Lipoplatin at similar doses were similar, but
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the steady state accumulation of total platinum in kidney was 5
times higher for cisplatin compared to Lipoplatin. These
pharmacokinetic differences may account, at least in part, for
the low renal toxicity of Lipoplatin.

Materials and Methods

Preparation and characteristics of Lipoplatin. Cisplatin was
purchased from Heraeus /Flavine (mw 300). The lipid shell of
Lipoplatin is composed of 1,2-DiPalmitoyl-sn-Glycero-3-[Phospho-
rac-(1-glycerol)] (sodium salt) also known as dipalmitoyl
phosphatidyl glycerol (DPPG, mw 745, Lipoid GmbH), soy
phosphatidyl choline (SPC-3, mw 790 Lipoid GmbH), cholesterol
(CHOL, mw 386.66, Avanti Polar Lipids) and methoxy-polyethylene
glycol–distearoyl phosphatidylethanolamine lipid conjugate
(mMPEG2000-DSPE, mw 2807, Genzyme). The ratio of cisplatin to
lipids is 8.9% cisplatin 91.1% total lipids (w/w). Repeated extrusions
are performed using a Thermobarrel Extruder (Northern Lipids Inc.,
Vancouver BA) through membranes of pore sizes of 0.2 µm, 0.1 µm,
0.08 µm and 0.05 µm pore sizes (Whatman) under pressure in
ultrapure nitrogen. About 15 passages are being used and the average
particle diameter and size distribution at a 90o angle are controlled
with dynamic light scattering (N4+ nanoparticle analyzer, Beckman-
Coulter). The type of liposome particles used in LipoplatinTM is a
proprietary formulation of an average size of 110 nm. The anionic
lipid DPPG gives to Lipoplatin its fusogenic properties with respect
to entrance through the cell membrane. The total lipid to cisplatin
ratio in Lipoplatin is 10.24 mg lipid/mg cisplatin. The content of
Lipoplatin in cholesterol is 11.6% (w/w) of the total lipid. Lipoplatin
is being provided in 50-ml clear glass vials of 3mg/ml (concentration
refers to cisplatin).

Mouse model of cisplatin nephrotoxicity. We utilized a well-
established murine model in which the structural and functional
consequences of cisplatin-induced nephrotoxicity have been
previously documented (20-23). Briefly, male Swiss-Webster mice
(Taconic Farms, Germantown, NY) weighing 25-30 g were housed
with 12:12 hour light:dark cycle and were allowed free access to food
and water. Mice (n=5) were given a single intraperitoneal injection of
cisplatin, in the dose of 20 mg/kg body weight. It has been previously
shown that this dose results in tubule cell necrosis and apoptosis, and
impaired renal function within 3-4 days after the cisplatin injection
(20-23). Control mice (n=8) received an equal volume of saline, and
the Lipoplatin treated animals (n=5) were given a single
intraperitoneal injection of Lipoplatin, in the dose of 20 mg/kg body
weight. Animals were placed in metabolic cages (Nalgene, Rochester,
NY), and urine collected on a daily basis following cisplatin. Five
days after the injection, the animals were anesthetized with sodium
pentobarbital (50 mg/kg intraperitoneally), the abdominal cavity
opened, and blood obtained via puncture of the inferior vena cava for
measurement of serum creatinine by quantitative colorimetric assay
kit (Sigma, St. Louis, MO). The mice were sacrificed, the kidneys
were perfusion fixed in situ  with 4% paraformaldehyde in PBS, and
both kidneys harvested. One half of each kidney was snap frozen in
liquid nitrogen and stored at -70oC until further processing; a sample
was fixed in formalin, paraffin-embedded, and sectioned (4 µm).
Paraffin sections were stained with

hematoxylin-eosin and subjected to the Tunel assay. The other half of
each kidney was embedded in OCT compound (Tissue-Tek) and
frozen sections (4 µm) obtained for immunohistochemistry.

Rat model of cisplatin injury. We utilized a well-established rat
model in which the structural and functional consequences of
cisplatin-induced nephrotoxicity have been previously documented
(24-26). Briefly, male rats (Taconic Farms, Germantown, NY)
weighing 150 g were housed with 12:12 hour light:dark cycle and
were allowed free access to food and water. Rats (n=5) were given a
single intraperitoneal injection of cisplatin, in the dose of 5 mg/kg
body weight. It has been previously shown that this dose results in
tubule cell necrosis and apoptosis, and impaired renal function within
3-4 days after the cisplatin injection (24-26). Control rats (n=5)
received an equal volume of saline, and the Lipoplatin treated
animals (n=5) were given a single intraperitoneal injection of
Lipoplatin, in the dose of 5 mg/kg body weight. Animals were placed
in metabolic cages (Nalgene, Rochester, NY), and urine collected on
a daily basis following cisplatin. Five days after the injection, the
animals were anesthetized with sodium pentobarbital (50 mg/kg
intraperitoneally), the abdominal cavity opened, and blood obtained
via puncture of the inferior vena cava for measurement of serum
creatinine by quantitative colorimetric assay kit (Sigma, St. Louis,
MO). The rats were sacrificed, and the kidneys processed for
microscopy as described above for mouse kidneys.

Apoptosis assay. For the detection and quantitation of kidney cell
apoptosis, we utilized the Tunel assay, as previously described (27-
29). The ApoAlert DNA Fragmentation Assay Kit was obtained from
Clontech (La Jolla, CA). Paraffin sections were deparaffinized
through zylene and descending grades of ethanol, fixed with 4%
formaldehyde/PBS for 30 minutes at 4oC, permeabilized with
proteinase K at room temperature for 15 minutes and 0.2% triton X-
100/PBS for 15 min at 4°C, and incubated with a mixture of
nucleotides and TdT enzyme for 60 minutes at 37oC. The reaction
was terminated with 2X SSC, the sections washed with PBS, and
mounted with Crystal/mount (Biomeda, Foster City, CA). Tunel-
positive apoptotic nuclei were detected by visualization with a
fluorescent microscope.

Histopathology scoring. Kidney sections of 4 microns were stained
with hematoxylin-eosin and scored for histopathologic damage to the
tubules in a blinded fashion, as previously described (30, 31). Each
parameter was assessed in five high power fields (40X) in the inner
cortex and outer medullary regions (where the tubular damage was
most evident), and an average determined for each section. The
parameters included tubule dilatation, tubule cast formation, and
tubule cell necrosis. Each parameter was scored on a scale of 0 to 4,
ranging from none (0), mild (1), moderate (2), severe (3), to very
severe/extensive (4).

Pharmacokinetic studies.  Rats were injected intraperitoneally with 5
mg/Kg cisplatin or Lipoplatin. At different time points, the animals
were sacrificed, the kidneys removed, homogenized in saline plus
SDS, and total platinum concentration was determined with furnace
atomic absorption (Perkin Elmer AA700). Because of the lower
toxicity of Lipoplatin compared to cisplatin, additional sets of rats
were treated with two higher doses of Lipoplatin (30 and 45 mg/Kg),
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Figure 1. Cisplatin administration results in tubule cell necrosis and apoptosis in a mouse model. Mice were injected with intraperitoneal cisplatin (20 mg/kg),
and kidney sections obtained after 5 days. H & E, hematoxylin-eosin stain, showing tubular dilatation, luminal debris, and flattened epithelium in cisplatin-
treated kidneys. At high power (HP), cisplatin-treated tubules displayed condensed intensely-stained nuclei (arrow), indicative of apoptosis. Tunel staining,
showing Tunel-positive nuclei in cisplatin-treated kidneys. At high power, tubules displayed condensed, fragmented nuclei characteristic of apoptosis (arrow).
Kidneys treated with Lipoplatin showed only minimal tubular changes. Panels labeled High Power are at 100X magnification, and the others are at 20X. The
figure represents five independent experiments.

and the concentration of total platinum in the kidney determined at
different time points as mentioned above. The same was not feasible
with cisplatin, since doses of greater than 10 mg/kg resulted in animal
death.

Other materials and methods. All chemicals were purchased from
Sigma unless otherwise specified. A colorimetric assay kit for the
determination of N-Acetyl-β-D-glucosaminidase (NAG) in the urine
was obtained from Roche.

Results

Lipoplatin r es ults in de cre as ed struc tural k idney  damage in
mice . W e utilized a  we ll-es ta blished murine model in w hic h the 
structura l a nd func tiona l c onseque nce s of cisplatin-induc ed
ne phrotoxicity ha ve  be en previously doc ume nted (20-23). M ic e
we re  give n a  s ingle  intrape ritonea l injection of cis platin, in the
dose  of 20 mg/kg body weight. This re sulte d in tubule c ell
ne crosis, as  e videnced in s ec tions  stained w ith hema toxylin-
eosin by the  pres ence of tubular dila ta tion, luminal debris , a nd
flattened epithelium (Figure 1). A lso docume nte d were tubule
ce lls undergoing programmed c ell death, indicated by c ondensed
inte nse ly-stained nuclei. This w as  confirmed by Tune l ass ay,
whic h s howed the condens ed, fra gme nted nucle i cha ra cte ristic of
apoptos is  (Figure  1). No ne crosis or apoptos is wa s detected in

the control kidne ys . In striking c ontra st with cisplatin-treated
animals , kidne ys from mice treated with Lipopla tin s howed only
minimal c hange s of nec rosis  (Figure 1).

In order to quantify the differences in structural damage,
kidneys from cisplatin- and lipoplatin-treated mice were
scored for histopathologic damage to the tubules in a blinded
fashion, as previously described (30, 31). Using an arbitrary
scoring system ranging from 0-4 for the criteria of tubule
dilatation, tubule cast formation, and tubule cell necrosis, mice
treated with cisplatin showed a significantly greater degree of
structural injury, as shown in Figure 2. This observation also
held true for apoptosis rate, which was significantly
diminished in the Lipoplatin-treated mice down to values
similar to saline-treated control mice (Figure 2).

As further evidence for differences in the renal response to
cisplatin versus Lipoplatin, we determined the urinary
excretion of N-Acetyl-β-D-glucosaminidase (NAG), a
previously described sensitive urinary marker for tubule cell
injury (28). As shown in Figure 3, there was a significant
increase in urinary NAG excretion at day 4 and day 5
following cisplatin injection when compared to Lipoplatin-
treated mice.

Lipoplatin results in decreased functional kidney damage in
mice. It was next of interest to examine the functional
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Figure 2. Cisplatin administration results in tubule cell necrosis and apoptosis, and altered renal function in a mouse model. Using an arbitrary histopathologic
scoring system ranging from 0-4 for the criteria of tubule dilatation, tubule cast formation, and tubule cell necrosis, mice treated with cisplatin showed a
significantly greater degree of structural injury (top three panels). Bottom left panel shows an overall tubule damage score, obtained by averaging the scores for
the three individual criteria. Bottom middle panel shows number of apoptotic cells per 100 counted. Bottom right panel shows results of serum creatinine
measurements. Values represent means±SD from five independent experiments. *P<0.05 for cisplatin versus Lipoplatin.

correlate of the decrease in structural kidney damage induced
by Lipoplatin. Measurement of serum creatinine levels
revealed that while cisplatin treated results in a significant
reduction in kidney function, mice treated with Lipoplatin
maintained kidney function at values comparable to saline-
treated controls (Figure 2).

Lipoplatin results in decreased structural and functional
kidney damage in rats. We utilized a well-established rat
model in which the structural and functional consequences of
cisplatin-induced nephrotoxicity have been previously
documented (24-26). Rats were given a single intraperitoneal
injection of cisplatin, in the dose of 5 mg/kg body weight. This
resulted in tubule cell necrosis and apoptosis very similar to
that observed in mice (not shown). In striking contrast with
cisplatin-treated animals, kidneys from rats treated with
Lipoplatin showed only minimal changes of necrosis and
apoptosis. The results of the histopathologic scoring, apoptosis
rate, and serum creatinine measurements are shown in Table 1.
While cisplatin treated rats displayed a significant reduction in
kidney function, animals treated with Lipoplatin maintained
kidney function at values comparable to saline-treated
controls.

Lipoplatin results in decreased platinum accumulation in rat
kidney. Pharmacokinetic analysis of total platinum
accumulation in the kidney revealed that both cisplatin and

Lipoplatin result at the same maximum level of total platinum
in the kidney (10 µg platinum/g kidney), which is reached at
about 9 min from injection start for cisplatin and at about 13
min from injection for Lipoplatin (Figure 4A). However,
within 20-30 min from injection the total platinum in the
kidney after cisplatin remains high (5-6 µg platinum/g
kidney), whereas the levels after Lipoplatin gradually decrease
reaching 1 µg platinum/g kidney in about 1.5 h. This
difference in maintained for the total time examined (~150h);
thus, the steady state of total platinum concentration reached is
different for the two drugs. At a dose of 5 mg/Kg cisplatin, a
concentration of 4-5 µg platinum/g kidney is reached at a
steady state (1-160 hours from injection). On the contrary,
treatment of rats with Lipoplatin at 5 mg/Kg results in a steady
state level of only 1 µg platinum/g kidney in the same time
frame (Figure 4B).

Because of the observed lower toxicity of Lipoplatin
compared to cisplatin, rats were treated with two higher doses
of Lipoplatin (30 and 45 mg/Kg) and the concentration of total
platinum in the kidney determined at different time points. The
maximum total platinum reached was significantly higher that
that shown in Figure 4, and proportional to the increased dose.
At 30 mg/Kg Lipoplatin, the maximum total platinum is about
35 µg platinum/g kidney and at 45 mg/Kg Lipoplatin is about
75 µg platinum/g kidney. These maxima were reached at
approximately 22 min from injection (Figure 5A). In spite of
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Figure 3. Cisplatin administration results in urinary excretion of NAG. Values
represent means±SD from five independent determinations at each time point
as shown (days). *P<0.05 for cisplatin versus Lipoplatin.

these large differences in maxima, the steady state levels
reached at 120 hours post injection were comparable to those
of the much smaller dose of 5 mg/Kg Lipoplatin dose, as
shown in Figure 5B.

Discussion

Pla tinum drugs s uc h a s cis platin re main the  c orners tone  of
pre se nt da y c he mothe rapy regime ns  not only for e pithe lia l
malignancie s of the lung, ovarian, bla dde r, te stic ula r, he ad and
nec k, and gas trointe s tina l but also against a  numbe r of
metas tatic  or a dva nc e d ma ligna ncies  including ca nc e rs  of the 
bre as t, me lanoma , prostate , me s othe lioma , nas opharynx,
pancre as , leiomyos arc omas  and mos t other adva nce d c ance rs
(1-3). N ew e r formula tions  of e xpe rimenta l a nd alre a dy te sted
pla tinum c ompounds  w ill c ontinue to play an importa nt role  in
c ance r tre a tment, es pec ia lly in c ombination w ith ra diation
the ra py, a nd eme rging gene  the rapie s  (6). The ir suc ce ss  re lie s
on the ir a bility to a rres t D NA  synthes is , induce  oxidative  s tre ss ,
a nd a c tiva te stres s-s igna ling pathw a ys  a nd apoptotic pa thw ays 
in tumor c e lls (5, 6). The  e ffica cy of c ispla tin is  dos e  depe ndent,
but the signific ant ris k of ne phrotoxicity fre quently hinders  the 
use  of higher dose s to ma ximiz e  its  antineopla stic  effe c ts  (7, 8).
C is pla tin lea ds  to both ne cros is and a poptotic  dea th of kidne y
tubule  c ells, a nd ca n res ult in a cute re nal fa ilure  e ve n a fte r a
s ingle  dos e  (10-14). This  ca n have major clinica l c onse que nc e s,
e spec ially in the fa c e of co-morbid conditions  s uc h a s those 
relate d to the prima ry ma ligna ncy (17, 18). Succ es s ful tre atment
of cis platin-induc ed ac ute  rena l fa ilure  in huma ns  ha s remained
large ly ane ctoda l (19). D e ve lopme nt of le ss  toxic a lternative s to
c is pla tin has  therefore  re ma ine d a major challenge .

In this study, w e re port the  propertie s of a new  drug te rmed
LipoplatinT M, a  liposomal formula tion of c ispla tin de ve loped in

T able I. Values are means± SD obt ai ned f rom rat s subj ected t o a single
i nt raperit oneal  injecti on of  ci splat in ( 5 mg/ kg)  or l ipopl at i n (5 mg/kg) and
exami ned 5 days later. *P < 0.05 versus control ;  #P< 0.05 f or l i popl ati n versus
cispl ati n

Control
(n=5)

Cisplatin
(n=5)

Lipoplatin
(n=5)

Tubule Dilatation 0 3.5±0.5* 1.0±0.5*#
Tubule Casts 0 3.6±0.4* 1.0±0.4*#
Tubule Cell Necrosis 0 3.0±0.5* 0.6±0.3*#
Histopath Score 0 3.4±0.5* 0.9±0.3*#
Apoptosis (%) 2±0.6 22±4.0* 4±1.5#
S. Creatinine (mg/dL) 0.52±0.1 2.5±0.5* 0.66±0.2#

order to re duce  the s ys te mic  toxicity of cisplatin. The  type  of
lipos ome  pa rtic les  us ed in Lipoplatin is  a proprie tary
formulation of a n ave ra ge  size  of 110 nm. The  PEG polyme r
c oa ting and the  small s iz e  s uppos edly be s tows  upon the
Lipoplatin pa rticles  the a bility to conc e ntra te pre fe re ntially in
tumors  c ompared to normal tiss ue (in a  me chanism a lso
involving the  a lte re d vas c ulature  of the  tumor during
a ngiogenes is) a s  s how n in pa tie nts (Stathopoulos  a t a l, in
pre pa ration). Pres uma bly the  Lipopla tin partic le s c an pa ss 
undete cted by ma crophages  and immune  c ells, c a n re main in
c irculation for long pe riods  in body fluids , c an re distribute  in
tis sue s, a nd ca n e xtravas a te  prefere ntia lly to infiltra te solid
tumors  a nd me ta s ta se s  through the  a lte re d a nd ofte n
c ompromise d tumor va s cula ture. Lipopla tin has  be en previously
s hown to poss es s  s ignific a nt a ntine oplas tic  a c tivity in mous e 
xenografts , res ulting in a poptotic c ell dea th of brea st and
prosta te  tumors  in SC ID  (s evere  c ombined immunodeficient)
mic e (32). Huma n c linic al tria ls with Lipopla tin a re curre ntly
under wa y. It is  e nc ouraging to note  in the  pres ent a nimal s tudy
tha t w he n c ompa red w ith c ispla tin, a n equal dose  of Lipoplatin
res ulted in s ignific a ntly le ss  struc tura l a nd func tiona l e vidence 
for ne phrotoxic ity in mic e  a nd ra ts . The  incidence  of re na l
tubule  c ell nec ros is  and a poptosis follow ing Lipoplatin wa s
c ompa rable  to that in c ontrol a nima ls, a nd ove ra ll kidne y
function w a s pre se rve d after Lipopla tin.

The lower toxicity of Lipoplatin compared to cisplatin may
be due to alterations in its pharmacokinetics, preferential
localization to tumors containing compromised vasculature,
and differences in cellular uptake. In the present study, the
maximum level of total platinum after intraperitoneal bolus
injection of cisplatin or Lipoplatin at similar doses was the
same, but the steady state accumulation of total platinum in
the kidney was five times greater for cisplatin compared to
Lipoplatin. This is important, since is well known that
cisplatin-induced nephrotoxicity is a delayed and duration-
dependent phenomenon. In this report the first evidence for
renal tubule cell damage was not evident until day 4 after
cisplatin injection, even when using sensitive urinary
biomarkers such as NAG (Figure 3). Changes in serum
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Figure 4. Treatment of rats with 5 mg/Kg cisplatin or Lipoplatin results in differences in total platinum concentration in the kidney. Points are averages of
duplicates. Both cisplatin and Lipoplatin result at the same maximum level of total platinum in the kidney (Figure 4A). However, a steady state of total platinum
concentration is different for the two drugs (Figure 4B).
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Figure 5. Because of the lower toxicity of Lipoplatin compared to cisplatin, rats were treated with two higher doses of Lipoplatin (30 and 45 mg/Kg) and the
concentration of total platinum in the kidney determined at different time points. Points are averages of duplicates. The maximum total platinum reached is
proportional to the dose (Figure 5A). However, the steady state levels are similar to those of the 5 mg/Kg dose at 120 hours from injection (Figure 5B).

creatinine and tubule morphology were delayed until 5 days
after the initial injection. Thus, it is likely that the diminished
steady state accumulation of Lipoplatin may be responsible, at
least in part, for its low renal toxicity in comparison to

cisplatin. The initial rapid accumulation of Lipoplatin in
kidney cells is presumably ineffective in causing cell death.
This is because in the normally quiescent renal proximal
tubular cells, cisplatin-induced nephrotoxicity requires the
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metabolism of cisplatin to a nephrotoxin, followed by
induction of stress-activated kinase pathways as well as
mitochondrial apoptotic pathways (5-12). In contrast,
Lipoplatin remains effective in proliferating cells (such as
tumor cells), where the mechanism of cell death primarily
involves a rapid inhibition of DNA synthesis.
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