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ABSTRACT

AIM:  The pharmacokinetics and biodistribution of cisplatin encapsulated in polyphase liposome (KM-1) were
compared with those of free drug in rats.  METHODS: The platinum levels in serum and normal organs, after a
single dose of iv injection of free or encapsulated cisplatin to rats, were determined by induced coupled plasma
atomic emission spectrometry.   RESULTS: Serum platinum concentration-time curve after a single iv dose of KM-
1 4.5 mg/kg in rats was fitted with an open three-compartment model.  The pharmacokinetic parameters were as
follows: Vc=0.10 L/kg, T1/2π=0.3 h, T1/2α=3.5 h, T1/2β=2.7 h, AUC=265 mg·h·L-1, and CL(s) =0.02 g·L-1·h-1.  KM-1
was cleared from the circulation much more slowly than free cisplatin.  Liver and spleen had the highest concentra-
tion of platinum after KM-1 treatment.  CONCLUSION: KM-1 remained in the bloodstream longer than its free
drug, and was taken mainly by the reticuloendothelial system.

INTRODUCTION

Cisplatin (cis-dichlorodiamine platinum II) is an
anti-neoplastic platinum agent commonly used alone or
in combination with other agents in a variety of chemo-
therapeutic regimens[1-3].  However, expansion of the
clinical utility of cisplatin has been limited by its toxicity,
as well as the emergence of intrinsic and acquired
resistence in many common tumor types.  These make
the improvements of the drug necessary[4-6].

Liposomal encapsulation reduces the toxicity as-

sociated with many antitumor agents by altering their
pharmacokinetics and distribution[7-11].  But the devel-
opment of  liposome containing cisplatin has been ham-
pered by poor water solubility and low lipophilicity of
free drug, which results in unstable liposome formula-
tions that have a low drug encapsulation rate and tend
to leak their content rapidly during storage.  With the
help of water-solubility enhancement reagents, we have
developed a new formulation of cisplatin, polyphase li-
posome KM-1, which has a high total drug encapsula-
tion rate (85 %) and is stable at 4 ºC for at least 30
months.  Preliminary studies have shown that, com-
pared with cisplatin, KM-1 showed a lower cisplatin-
associated toxicity and was superior in the treatment of
mouse tumor in liver.  In this report, the pharmacoki-
netics and biodistribution of KM-1 and free cisplatin in
rats at a dose of 4.5 mg/kg were comparatively studied.
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MATERIALS  AND  METHODS

Animals  Wistar rats (Grade II, n=110, 170 g±20
g, Male, Certificate No SCXK11-00-0006) were sup-
plied by Breeding Center of the Institute of Experimen-
tal Animals, Chinese Academy of Medical Sciences.

Chemicals and drugs  Cisplatin was purchased
from Qilu Pharmaceutical Manufactory.  Platinum stan-
dard solution (1.000 g/L) was purchased from National
Test Center of Steel Material, Ministry of Metallurgical
Industry, China.  All other chemicals were of AR grade.

Instrument  Leeman abs, INC Profile induced
coupled plasma atomic emission spectrometer was used.

Medication and sampling   On the day of dosing,
rats received a 4.5 mg/kg dose of either KM-1 or cisplatin
by tail vein injection.  Doses were based on individual
animal body weight.  Animals were sacrificed by de-
capitation (five per time-point).  Blood was collected
immediately and centrifuged at 1500×g for 10 min to
isolate serum.  The liver, kidneys, spleen, lung, heart,
and testicles of rats sacrificed at 2, 8, 16, 24, and 48 h
were removed, blotted dry, and weighed prior to
freezing.  Serum and tissues were stored frozen
(-20 ºC) for later analysis.

Sample preparations  Serum 1.0 mL was diluted
with 0.5 mL deionized water and analyzed directly.
Tissue samples were digested in concentrated acid prior
to analysis.  After overnight incubation in nitric acid,
the tissue slurry was gently heated to achieve partial
digestion, nitric acid and perchloric acid mixture in the
ratio of 1:1 was added followed by heating to complete
the digestion.  Evaporated to near dryness, the residue
was resolved in a 3 % nitric acid solution to a final
volume of 2.5 mL.

Platinum determination  The total platinum lev-
els in all samples were determined using a sensitive and
specific ICP-AES based method.  The assay does not
differentiate liposomal and nonliposomal platinum or free
and protein-bound platinum.  The sensitivity of the as-
say is 12.8 mg/L .  The calibration curve for Pt was
linear over the range of 0-100 mg/L.  Linear equation:
C=0.2268I-123.73 (r=0.998).  The within and between
day variabilities were within 5 % and 10 %, respectively.
The recoveries of Pt from tissues were above 70 %.
All concentrations are expressed as mg cisplatin equiva-
lent/L or µg cisplatin equivalent/g.

Data analysis  The platinum concentration-time
curves were analyzed with 3P87 program to determine
the pharmacokinetic parameters.

RESULTS

Pharmacokinetics  KM-1 was cleared from the
circulation much more slowly than cisplatin (Fig 1).
The serum platinum concentration with cisplatin treat-
ment was 12 mg/L at 15 min, while that with KM-1
treatment was 51 mg/L at the same time point, show-
ing a 4-fold increase of platinum in serum.  At 8 h, the
serum platinum concentration with KM-1 treatment was
still 10 mg/L, while only 1 mg/L of platinum was left in
that with cisplatin treatment.  The serum platinum con-
centration-time data in KM-1-treated group were well
characterized by an open three-compartment model.
Some of the parameters were listed in Tab 1.  Due to
cisplatin fast elimination from the circulation in free
cisplatin-treated group, serum platinum concentration
dropped quickly with time.  There were not enough
concentration-time data available in free cisplatin group
for the calculation of pharmacokinetics parameters in
this study.

Tab 1.  Pharmacokinetic parameters of KM-1 following a
single iv dose of 4.5 mg/kg.

             Parameter                                Value

Vc/L·kg-1     0.10
T1/2π/h     0.3
T1/2α/h     3.5
T1/2β/h     2.7
AUC/mg·h·L-1 265
CL(s)/ g·L-1·h-1     0.02

Fig 1.  Serum concentrations of cisplatin following KM-1 or
cisplatin administration (4.5 mg/kg of body weight each).
n=5.  Mean±SD.
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Tissue distribution  After a single iv dose of
KM-1, both the liver and spleen showed the highest
platinum concentration at 24 h (Fig 2), 4-, and 3-fold
higher, respectively, than those after free cisplatin treat-
ment (P<0.01).  In the kidney, the primary target organ
of cisplatin toxicity, both KM-1 and cisplatin treatment
had similar platinum levels (P>0.05).  Concentration of
KM-1 in kidney reached its highest level at 16 h and
then began to decline with time, while in cisplatin-treated
group, the platinum concentration in kidney fluctuated
with time during the whole observation period.  The
platinum levels in heart, lung, and testicle were slightly
higher following treatment with KM-1 than with

cisplatin.

DISCUSSION

It has been demonstrated that, due to the altering

of pharmacokinetics and disposition of the drugs, lipo-
somal encapsulation of many antitumor agents attenu-
ates their toxicity or changes their target organs of
chemotherapy.  And this is also the case in cisplatin.
Gondal et al has reported a fomulation of cisplatin en-
capsulated in multilamellar liposomes[11].  They found
that the liposome had a lower platinum level in the kid-
ney and maintained reduced nephrotoxicity compared
with free cisplatin.  Newman et al had cisplatin encap-
sulated in long-circulating, pegylated liposomes
(SPI-077).  They observed an increasing tumor Pt dis-
position and improved antitumor effect in murine colon
and lung cancer models[10].  Our present study showed
that the platinum levels in the spleen and liver following
KM-1 treatment were several times higher than those
achieved with cisplatin, which was caused by the greater
uptake of liposomal fomulation by the reticuloendothe-
lial system.  This offers a greater potential for the treat-

Fig 2.  Concentration-time profiles of platinum in tissues following a single iv dose of KM-1or cisplatin 4.5mg/kg.   n=5.
Mean±SD.  cP<0.01 vs cisaplatin group.
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ment of tumors in these organs.  And it agrees with our
preliminary pharmocodynamic study with KM-1.  The
study showed that KM-1 had the equivalent antitumor
efficacy with cisplatin in liver tumor bearing mice, but
was superior to cisplatin in that it could alleviate the
damage of liver caused by the tumor, while cisplatin
would aggravate the damage.

We did not discern lower platinum concentrations
in the kidney with KM-1 than with free cisplatin.  To
outward seeming, this is not consistent with our pre-
liminary study showing that nephrotoxicity in KM-1-
treated mice was less than that in cisplatin-treated ones.
The explanation may lie in the different reactive mecha-
nism between free drug with tissues and liposomal-en-
trapped drug with tissues.  Since most of the drug is
retained in liposome, the total amount of platinum
messured in KM-1-treated group is not equivalent to
that of platinum that can react with biological substances
and has a pharmacological or toxicological efficacy.
Cisplatin encapsulated in liposome was released gradu-
ally with time and tissues were continuously exposed
to a low-dose drug environment.  This could avoid a
high peak free cisplatin level that would produce a se-
vere toxicological effect.  Similar situation occurred in
liver with KM-1 treatment, which had high platinum
levels and showed no hepatotoxicity.  The result agrees
with the studies of Gondal et al[11].

No significant eliminations of platinum in tissues
were observed during the first 48 h after dosing.  This
is due to the characteristics of cisplatin which would
bind to protein or other tissue compositions firmly
through covalent bonds.  Excretion studies had also
shown that only 25 % of total KM-1 taken by rats was
excreted during (0-48) h period of time.
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INTRODUCTION

Cisplatin (cis-dichlorodiamine platinum II) is an
anti-neoplastic platinum agent commonly used alone or
in combination with other agents in a variety of chemo-
therapeutic regimens[1-3].  However, expansion of the
clinical utility of cisplatin has been limited by its toxicity,
as well as the emergence of intrinsic and acquired
resistence in many common tumor types.  These make
the improvements of the drug necessary[4-6].

Liposomal encapsulation reduces the toxicity as-

sociated with many antitumor agents by altering their
pharmacokinetics and distribution[7-11].  But the devel-
opment of  liposome containing cisplatin has been ham-
pered by poor water solubility and low lipophilicity of
free drug, which results in unstable liposome formula-
tions that have a low drug encapsulation rate and tend
to leak their content rapidly during storage.  With the
help of water-solubility enhancement reagents, we have
developed a new formulation of cisplatin, polyphase li-
posome KM-1, which has a high total drug encapsula-
tion rate (85 %) and is stable at 4 ºC for at least 30
months.  Preliminary studies have shown that, com-
pared with cisplatin, KM-1 showed a lower cisplatin-
associated toxicity and was superior in the treatment of
mouse tumor in liver.  In this report, the pharmacoki-
netics and biodistribution of KM-1 and free cisplatin in
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MATERIALS  AND  METHODS

Animals  Wistar rats (Grade II, n=110, 170 g±20
g, Male, Certificate No SCXK11-00-0006) were sup-
plied by Breeding Center of the Institute of Experimen-
tal Animals, Chinese Academy of Medical Sciences.

Chemicals and drugs  Cisplatin was purchased
from Qilu Pharmaceutical Manufactory.  Platinum stan-
dard solution (1.000 g/L) was purchased from National
Test Center of Steel Material, Ministry of Metallurgical
Industry, China.  All other chemicals were of AR grade.

Instrument  Leeman abs, INC Profile induced
coupled plasma atomic emission spectrometer was used.

Medication and sampling   On the day of dosing,
rats received a 4.5 mg/kg dose of either KM-1 or cisplatin
by tail vein injection.  Doses were based on individual
animal body weight.  Animals were sacrificed by de-
capitation (five per time-point).  Blood was collected
immediately and centrifuged at 1500×g for 10 min to
isolate serum.  The liver, kidneys, spleen, lung, heart,
and testicles of rats sacrificed at 2, 8, 16, 24, and 48 h
were removed, blotted dry, and weighed prior to
freezing.  Serum and tissues were stored frozen
(-20 ºC) for later analysis.

Sample preparations  Serum 1.0 mL was diluted
with 0.5 mL deionized water and analyzed directly.
Tissue samples were digested in concentrated acid prior
to analysis.  After overnight incubation in nitric acid,
the tissue slurry was gently heated to achieve partial
digestion, nitric acid and perchloric acid mixture in the
ratio of 1:1 was added followed by heating to complete
the digestion.  Evaporated to near dryness, the residue
was resolved in a 3 % nitric acid solution to a final
volume of 2.5 mL.

Platinum determination  The total platinum lev-
els in all samples were determined using a sensitive and
specific ICP-AES based method.  The assay does not
differentiate liposomal and nonliposomal platinum or free
and protein-bound platinum.  The sensitivity of the as-
say is 12.8 mg/L .  The calibration curve for Pt was
linear over the range of 0-100 mg/L.  Linear equation:
C=0.2268I-123.73 (r=0.998).  The within and between
day variabilities were within 5 % and 10 %, respectively.
The recoveries of Pt from tissues were above 70 %.
All concentrations are expressed as mg cisplatin equiva-
lent/L or µg cisplatin equivalent/g.

Data analysis  The platinum concentration-time
curves were analyzed with 3P87 program to determine
the pharmacokinetic parameters.

RESULTS

Pharmacokinetics  KM-1 was cleared from the
circulation much more slowly than cisplatin (Fig 1).
The serum platinum concentration with cisplatin treat-
ment was 12 mg/L at 15 min, while that with KM-1
treatment was 51 mg/L at the same time point, show-
ing a 4-fold increase of platinum in serum.  At 8 h, the
serum platinum concentration with KM-1 treatment was
still 10 mg/L, while only 1 mg/L of platinum was left in
that with cisplatin treatment.  The serum platinum con-
centration-time data in KM-1-treated group were well
characterized by an open three-compartment model.
Some of the parameters were listed in Tab 1.  Due to
cisplatin fast elimination from the circulation in free
cisplatin-treated group, serum platinum concentration
dropped quickly with time.  There were not enough
concentration-time data available in free cisplatin group
for the calculation of pharmacokinetics parameters in
this study.

Tab 1.  Pharmacokinetic parameters of KM-1 following a
single iv dose of 4.5 mg/kg.

             Parameter                                Value

Vc/L·kg-1     0.10
T1/2π/h     0.3
T1/2α/h     3.5
T1/2β/h     2.7
AUC/mg·h·L-1 265
CL(s)/ g·L-1·h-1     0.02

Fig 1.  Serum concentrations of cisplatin following KM-1 or
cisplatin administration (4.5 mg/kg of body weight each).
n=5.  Mean±SD.
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Tissue distribution  After a single iv dose of
KM-1, both the liver and spleen showed the highest
platinum concentration at 24 h (Fig 2), 4-, and 3-fold
higher, respectively, than those after free cisplatin treat-
ment (P<0.01).  In the kidney, the primary target organ
of cisplatin toxicity, both KM-1 and cisplatin treatment
had similar platinum levels (P>0.05).  Concentration of
KM-1 in kidney reached its highest level at 16 h and
then began to decline with time, while in cisplatin-treated
group, the platinum concentration in kidney fluctuated
with time during the whole observation period.  The
platinum levels in heart, lung, and testicle were slightly
higher following treatment with KM-1 than with

cisplatin.

DISCUSSION

It has been demonstrated that, due to the altering

of pharmacokinetics and disposition of the drugs, lipo-
somal encapsulation of many antitumor agents attenu-
ates their toxicity or changes their target organs of
chemotherapy.  And this is also the case in cisplatin.
Gondal et al has reported a fomulation of cisplatin en-
capsulated in multilamellar liposomes[11].  They found
that the liposome had a lower platinum level in the kid-
ney and maintained reduced nephrotoxicity compared
with free cisplatin.  Newman et al had cisplatin encap-
sulated in long-circulating, pegylated liposomes
(SPI-077).  They observed an increasing tumor Pt dis-
position and improved antitumor effect in murine colon
and lung cancer models[10].  Our present study showed
that the platinum levels in the spleen and liver following
KM-1 treatment were several times higher than those
achieved with cisplatin, which was caused by the greater
uptake of liposomal fomulation by the reticuloendothe-
lial system.  This offers a greater potential for the treat-

Fig 2.  Concentration-time profiles of platinum in tissues following a single iv dose of KM-1or cisplatin 4.5mg/kg.   n=5.
Mean±SD.  cP<0.01 vs cisaplatin group.
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ment of tumors in these organs.  And it agrees with our
preliminary pharmocodynamic study with KM-1.  The
study showed that KM-1 had the equivalent antitumor
efficacy with cisplatin in liver tumor bearing mice, but
was superior to cisplatin in that it could alleviate the
damage of liver caused by the tumor, while cisplatin
would aggravate the damage.

We did not discern lower platinum concentrations
in the kidney with KM-1 than with free cisplatin.  To
outward seeming, this is not consistent with our pre-
liminary study showing that nephrotoxicity in KM-1-
treated mice was less than that in cisplatin-treated ones.
The explanation may lie in the different reactive mecha-
nism between free drug with tissues and liposomal-en-
trapped drug with tissues.  Since most of the drug is
retained in liposome, the total amount of platinum
messured in KM-1-treated group is not equivalent to
that of platinum that can react with biological substances
and has a pharmacological or toxicological efficacy.
Cisplatin encapsulated in liposome was released gradu-
ally with time and tissues were continuously exposed
to a low-dose drug environment.  This could avoid a
high peak free cisplatin level that would produce a se-
vere toxicological effect.  Similar situation occurred in
liver with KM-1 treatment, which had high platinum
levels and showed no hepatotoxicity.  The result agrees
with the studies of Gondal et al[11].

No significant eliminations of platinum in tissues
were observed during the first 48 h after dosing.  This
is due to the characteristics of cisplatin which would
bind to protein or other tissue compositions firmly
through covalent bonds.  Excretion studies had also
shown that only 25 % of total KM-1 taken by rats was
excreted during (0-48) h period of time.
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