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AP 5280 is a novel polymer-conjugated platinumanticanceragent
currently undergoing phase I clinical trials. It is pharmaceutically
formulated as a lyophilized product containing 200mg platinum
per dosage unit.The aimof this study was to determine the recon-
stitution and dilution £uid of choice, and to investigate the stability
and compatibility of AP 5280 in solution under di¡erent storage
conditions and with several container materials. Furthermore, the
hemolytic potential of AP 5280 infusion solution was investigated
invitro.AP 5280 slowly released smallplatinumspecies inall solu-
tions, although this release was enhanced in normal saline. Ac-
cordingly, 5% dextrose in water (D5W) was selected for
reconstitution and dilution of AP 5280. Container material [glass
or polyvinylchloride (PVC)] did not in£uence the stability of AP
5280 in solution.Storageat refrigerated temperature (2^81C)mar-
ginally decreased the release rate of liberated platinum.The infu-
sion solutionsare compatiblewith the PVC infusion systemand do
not cause hemolysis in vitro. In conclusion, AP 5280 lyophilized
product should be reconstitutedand diluted to infusion concentra-
tionwith D5W, and administered within 8 h after preparation to en-
sure that less than 1.0% of the total platinum concentration is
present as liberated platinum. [r 2002 Lippincott Williams &
Wilkins.]

Key words: AP 5280, compatibility, hemolysis, infusion
devices, stability.

Introduction

AP 5280 (a random copolymer of N-2-hydroxypropyl
methacrylamide and the methacrylamide of

GFLG-ama5Pt(NH3)2, molecular weight 2473 kDa,
Figure 1) is a novel copolymer-conjugated platinum
compound, designed for tumor targeting. In this
copolymer, platinum is linked to a N-2-hydroxypro-
pyl methacrylamide (HPMA) backbone via a tetra-
peptide spacer [glycine–phenylalanine–leucine–
glycine (GFLG)] and an amidomalonic acid (ama)
chelating agent. Due to the hyperpermeable nature
of the neovasculature of tumors in combination with
their limited lymphatic and/or capillary drainage, it is
expected that AP 5280 will preferentially accumulate
at the tumor site.1–4 Subsequently, platinum is
released from the polymer intratumorally by lysoso-
mal thiol-dependent proteinases, enzymes known to
be elevated in human tumors.5 Theoretically, AP
5280 administration will lead to higher intratumoral
platinum concentrations and therefore potentially
greater efficacy than the currently marketed non-
polymer platinates cisplatin, carboplatin and oxali-
platin. Preclinical studies show that AP 5280 has a
higher therapeutic index than cisplatin and carbo-
platin when administered to mice implanted with
several different types of tumor.6

AP 5280 is pharmaceutically formulated as a
lyophilized solid for i.v. infusion containing 200 mg
platinum per dosage unit and has recently entered
phase I clinical trials.7 Before commencement of the
clinical trials, we investigated the stability of AP 5280
in two commonly used infusion solutions [5% w/v
dextrose in water (D5W) or 0.9% w/v sodium chloride
(normal saline)] at various concentrations and
storage conditions. Stability was measured as
the release of small platinum species (‘liberated
platinum’) from the copolymer carrier into the
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infusion solution, a process that could affect both
activity and toxicity of the compound in vivo.
Compatibility with containers composed of glass
and polyvinylchloride (PVC) was examined in terms
of sorption to container surfaces and release of the
plasticizer diethylhexylphthalate (DEHP). Subse-
quently, infusion simulation experiments were per-
formed and the hemolytic potential of AP 5280
solutions was investigated in vitro. This paper
describes the stability and compatibility of AP 5280
in solution for clinical application.

Materials andmethods

Materials

Access Pharmaceuticals (Dallas, TX) provided AP
5280 drug substance and HPMA homopolymer
[poly-HPMA (pHPMA)]. AP 5280 lyophilized product
containing 200 mg platinum per dosage unit (2.5 g
AP 5280), 5% dextrose in water (D5W) and normal
saline in glass bottles were manufactured in-house
(Department of Pharmacy and Pharmacology, Sloter-
vaart Hospital, Amsterdam, The Netherlands). D5W
in 50- and 500-ml PVC containers (Intraflex) was
obtained from Braun Medical (‘s Hertogenbosch, The
Netherlands). Platinum atomic absorption standard
was purchased from Sigma-Aldrich (Zwijndrecht, The
Netherlands). Paraplatin (carboplatin 50 mg/vial)
originated from Bristol-Myers Squibb (Woerden,
The Netherlands) and Platosin (cisplatin 1 mg/ml)

from Pharmachemie (Haarlem, The Netherlands).
Fresh, citrated blood and plasma ultrafiltrate were
purchased from the local blood bank (Central
Laboratory for Blood transfusion, Amsterdam, The
Netherlands). Hydrochloric acid 37% was purchased
from Merck (Darmstadt, Germany) and methanol
from Biosolve (Amsterdam, The Netherlands). All
chemicals were of analytical grade and used without
further purification. Distilled water was used
throughout the experiments.

Methods

Total platinum analysis. Total platinum concen-
trations were measured using a Perkin Elmer 3100
atomic absorption spectrometer (AAS) (Perkin Elmer,
Nieuwerkerk a/d IJssel, The Netherlands). A slit width
of 0.7 nm, a wavelength of 266 nm and an air/
acetylene flame were employed. Platinum standards
(0.0392, 0.03136 and 0.02352 mg/ml) and quality
control samples (0.03528, 0.03136 and 0.02352 mg/
ml) in 0.4 mg/ml pHPMA in 50/50% (v/v) 0.4% HCl/
methanol were used for quantification of total
platinum concentrations. Samples analyzed for their
total platinum concentration were diluted with 50/
50% (v/v) 0.4% HCl/methanol to yield a theoretical
total platinum concentration of approximately
0.03 mg/ml.

Liberated platinum analysis. Liberated platinum
concentrations were measured using a SpectrA-A
30/40 Zeeman Graphite Furnace AAS [flameless AAS
(F-AAS)] (Varian, Techtron, Victoria, Australia), con-
sisting of a spectrometer, a GTA-75 autosampler and
a DS-15 data station equipped with the Quality
Control Protocol software package (Varian). Absor-
bances were recorded at 265.9 nm, a slit bandwidth
of 0.2 nm and a time constant of 0.05 s. Argon was
used to purge the graphite tube. The temperature
program of the instrument is shown in Table 1.
Carboplatin calibration curves and cisplatin quality
control standards were used to quantify the results
and validate the analysis.8

Before analysis, samples were ultrafiltered through
a Centricon YM-3 filter (3 kDa cut-off; Millipore,
Etten-Leur, The Netherlands). The platinum concen-
tration in each sample was analyzed in duplicate and
the mean value used for further calculations.

Chromatography for DEHP determination. DEHP
release from the PVC containers was analyzed
using a reversed-phase high-performance liquid

Figure 1. Chemical structure of AP 5280. Molecular
weight 2473 kDa, polydispersity index1.2^2.3.

M Bouma et al.

916 Anti-Cancer Drugs ? Vol 13 ? 2002

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



chromatography method as previously described.9

Ultrafiltrate samples were injected directly into the
system to determine whether any DEHP was present.

195Pt-NMR spectroscopy. 195Pt-NMR spectra were
recorded with a Bruker DPX 300 spectrometer with
a 5-mm multi-nucleus probe. A variable temperature
unit was used to maintain the temperature at 298 K.
The 195Pt-NMR spectra were calibrated using K2PtCl4
as an external reference at d5�1614 p.p.m. Samples
were measured in solutions containing 5% D2O. Only
AP 5280 reconstituted solutions contained a plati-
num concentration high enough to perform 195Pt-
NMR spectroscopic analysis.

Stability and compatibility. AP 5280 lyophilized
product for i.v. infusion containing 200 mg platinum
per dosage unit was reconstituted with 14.7 ml D5W
or normal saline in its primary container (30-ml glass
type I lyophilization vials; Münnerstädter Glaswar-
enfabrik, Münnerstadt, Germany). The resulting
solutions had a volume of 16 ml and a theoretical
platinum content of 12.5 mg/ml, and were stored at
either room temperature (20–251C, ambient light) or
refrigerated conditions (2–81C, dark). Reconstituted
solutions were further diluted to yield AP 5280
infusion solutions at concentrations of 0.306, 1.53
and 3.06 mg/ml platinum (3.8, 19.1 and 38.3 mg/ml
AP 5280, respectively) in D5W or normal saline in 50-
ml glass containers stored at room temperature.
Based upon the initial examinations, D5W was
selected for further stability and compatibility tests.
Infusion solutions in 50-ml PVC (Intraflex) contain-
ers were prepared and stored at room temperature
or refrigerated conditions. All solutions were pre-
pared in triplicate and samples were taken immedi-
ately after preparation and after 1, 2, 4, 8, 24, 48, 72
and 96 h of storage, and analyzed for total and

liberated platinum concentrations. DEHP concentra-
tions in samples from the solutions stored in
Intraflex containers were determined after 96 h
storage. Furthermore, immediately after preparation
and after 96 h storage, 195Pt-NMR spectra of the
reconstituted solutions (12.5 mg/ml platinum) stored
at room temperature were recorded. All reconsti-
tuted and diluted infusion solutions were visually
checked for clarity.

Infusion simulation experiments. AP 5280 infusion
simulations were conducted using an infus-
ion system consisting of a 500-ml Intraflex container,
PVC tubing regularly used for the infusion of
cytotoxic agents (type G52703; IVAC, San Diego,
CA) and a needle (Microlance 0.8� 40 mm;. Becton
Dickinson, Franklin Lakes, NJ). AP 5280 infusion
solutions at concentrations of 0.306, 1.53
and 3.06 mg/ml platinum in D5W were prepared
and infusion rates set at 0.35 ml/min for a duration
of 24 h. All infusion simulations were performed in
triplicate at room temperature. Samples were
taken from the needle outlet at 0, 1, 2, 4, 8
and 24 h after preparation, and analyzed for total
and liberated platinum content. The 24-h samples
were assayed for the presence of DEHP. The
total amount of platinum delivered by each infusion
system was calculated from the infusion rate and
the area under the total platinum concentration–
time curves (AUCs): total amount of platinum
delivered (mg)5AUC (mg/ml �h)� infusion rate
(ml/h).

The AUCs were calculated using the trapezoidal
rule. The same calculations were performed to
estimate the total amount of liberated platinum
delivered by the infusion systems.

Hemolysis. The potential of AP 5280 infusion
solutions at a concentration of 3.06 mg/ml platinum
in D5W to cause hemolysis was examined using both
the static and dynamic in vitro test models as
described by Ward et al.10 and Krzyzaniak et al.11–

13 The hemolytic potentials of solutions of D5W,
2.5 mg/ml cisplatin in D5W and 39.2 mg/ml pHPMA in
D5W were determined for comparison. For the static
model, 25, 100 and 250 ml infusion solution was
added to 500 ml blood, resulting in formulation:-
blood (F:B) ratios of 0.05, 0.2 and 0.5, respectively.
The solutions were slowly whirl-mixed for 5 s. For
the dynamic model, each solution was infused at
rates of 0.3 and 1.2 ml/min using a Model 711 syringe
pump (IVAC) into a tube containing blood flowing at
a rate of 6 ml/min employing a Model 501 Dz
peristaltic pump (Watson Marlow, Rotterdam, The

Table 1. Temperature programof the F-AAS instrument

Step no. Temperature (1C) Time (s) Gas £ow (l/min)

1 50 1.0 3.0
2 85 5.0 3.0
3 95 30.0 3.0
4 120 20.0 3.0
5 250 30.0 3.0
6 1400 40.0 3.0
7 1400 20.0 3.0
8 1400 2.0 0.0
9 2800 0.7 0.0
10 2800 2.0 0.0
11 2800 4.0 3.0
12 50 13.8 3.0
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Netherlands), which resulted in F:B ratios of 0.05
and 0.2, respectively. The contact time with blood
was set at 5 s by administering the infusion solution
25 cm from the end of the silicone tubing transport-
ing the blood (1.6 mm diameter; Watson Marlow).
For both models, the hemolytic reaction was
quenched by addition of 50 ml normal saline to the
blood sample. Subsequently, an aliquot of the
diluted test solution was centrifuged at 3000 r.p.m.
for 10 min.The absorption (A) of the resulting
supernatant was measured at 540 nm with a model
UV/VIS 918 spectrophotometer (GBC Scientific
Equipment, Victoria, Australia).

The baseline degree of hemolysis was measured
using normal saline at the same F:B ratios. The
100% hemolysis level was determined by diluting the
blood used in both the static and dynamic model
with 50 ml distilled water instead of normal saline.
As a positive control, a mixture of 40/10/50% (v/v/v)
propylene glycol/ethanol/water (PEW) was used.12

All experiments were run in triplicate. The percen-
tage hemolysis induced by all solutions was calcu-
lated as: % Hemolysis5(Atest solution�Anormal saline)/
(A100%�Anormal saline)� 100%.

Results and discussion

Before commencement of phase I clinical
trials several pharmaceutical issues of AP 5280
infusion solutions were investigated to ensure
the suitability of the solutions to be administered
to patients. AP 5280’s proposed starting dose
in phase I clinical studies was 90 mg platinum/m2,
administered in 500 ml as a 1-h infusion
every 3 weeks. We investigated a dose range of
90–900 mg platinum/m2, corresponding to 153–
1530 mg platinum, for a patient with a body surface
area of 1.7 m2.

All currently marketed platinum drug products
have specific requirements with respect to the
infusion solution employed for reconstitution and
dilution; in particular, to the presence of chloride
ions. Furthermore, the storage conditions of
the platinum infusion solutions may influence the
stability. For instance, cisplatin (Platinol) is only
chemically stable in solutions containing at
least 0.2% NaCl; in solutions with a lower chloride
concentration, one or both of cisplatin’s
chloride ions are displaced by water, forming
the toxic mono- and diaqua species. Furthermore,
when stored at refrigerated temperatures, formation
of a precipitate occurs which is difficult to redissolve,

necessitating storage of cisplatin solutions at
15–251C.14–16 Carboplatin (Paraplatin) solutions in
normal saline, on the other hand, degrade more
rapidly than solutions in D5W, which are stable for at
least 24 h at room temperature.14–16 Contact of
oxaliplatin (Eloxatin) with normal saline results in
chemical modifications and formation of a precipi-
tate, requiring the use of D5W for reconstitution and
dilution.17,18 Carboplatin and oxaliplatin solutions
can be stored at either room temperature or
refrigerated conditions.14,18

For AP 5280, initially small-scale stability and
compatibility studies were performed to determine
the optimal infusion solution, container and storage
condition. Subsequently, an infusion simulation was
carried out employing administration parameters
intended for use in the clinical setting.

Release of liberated platinum

A 3-kDa cut-off value was used to define ‘small
platinum species’ and thus the liberated platinum
content. Figures 2 and 3 depict the percentage
platinum released from the polymer with time
(expressed as the liberated platinum concentration
relative to the total platinum concentration) for AP
5280 solutions in D5W and normal saline, respec-
tively, when stored at room temperature in glass
containers. The total platinum concentration in all
solutions remains constant with time and is in
agreement with the theoretical total platinum con-
centration. This indicates that there is no platinum
loss due to, for example, sorption to container walls.

The data shown in Figures 2 and 3 indicate that a
low concentration of small platinum species is
present in all investigated AP 5280 solutions. In
D5W, the level of liberated platinum shows an initial
burst, probably due to release of loosely bound
platinum resulting from the manufacturing process
and the presence of small polymer species that
successfully pass through the pores of the filter
membrane. After 8–24 h a plateau of approximately
1.5% liberated platinum is reached, which is inde-
pendent of the AP 5280 concentration. However, in
normal saline this release process occurs continu-
ously and the liberated platinum concentration
increases to 3–4% after 96 h at room temperature
(Figure 3). These results indicate that release of small
platinum species from AP 5280 in solution is
enhanced by the presence of sodium chloride or
one of its components, most likely chloride ions. In
normal saline solutions, the release process is
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concentration dependent, with the lowest AP 5280
concentration releasing, relatively, the most liberated
platinum. This is most likely due to the relative
abundance of chloride ions with respect to AP 5280
at low concentrations.

D5W is more suitable as reconstitution and
dilution fluid for AP 5280 than normal saline.
Therefore, further investigations into the stability
and compatibility of AP 5280 were conducted using
D5W.

Figure 3. Release of liberated platinum from AP 5280 in normal saline solutionswhen stored in glass containers at
room temperature. (Diamonds) AP 5280 after reconstitution (12.5mg/ml Pt), (squares) AP 5280 high-concentration
infusion solution (3.06mg/ml Pt), (triangles) AP 5280 medium-concentration infusion solution (1.53mg/ml Pt) and
(circles) AP 5280 low-concentration infusion solution (0.306mg/ml Pt).

Figure 2. Release of liberated platinum from AP 5280 in D5W solutions when stored in glass containers at room
temperature. (Diamonds) AP 5280 after reconstitution (12.5mg/ml Pt), (squares) AP 5280 high-concentrationinfusion
solution (3.06mg/ml Pt), (triangles) AP 5280medium-concentration infusion solution (1.53mg/ml Pt) and (circles) AP
5280 low-concentration infusion solution (0.306mg/ml Pt).
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Stabilityand compatibility

Figure 4 shows the percentage liberated platinum
with respect to total platinum concentration of AP
5280 in D5W solutions stored in glass containers at
refrigerated conditions. Again, total platinum con-
centrations remain unchanged, while the liberated
platinum concentration reaches a plateau after 8 h
storage, which is slightly lower (0.2–0.5%) than
observed for the solutions in D5W stored at room
temperature (1.5%, see Figure 2).

Table 2 shows the total and liberated platinum
concentrations of AP 5280 infusion solutions in D5W
stored in Intraflex PVC containers at both room
temperature and refrigerated conditions at selected
time points. For all solutions a plateau in liberated
platinum release is reached after 8–24 h storage,
which appears concentration and marginally storage
condition dependent. The highest concentration AP
5280 infusion solution at room temperature shows a
maximum liberated platinum concentration of about
1.5% and the lowest concentration AP 5280 infusion
solution at refrigerated condition of about 0.8%.
Percentages liberated platinum found in Intraflex
containers are comparable to the percentages found
in AP 5280 solutions stored in glass containers.

Total platinum for all investigated AP 5280 solu-
tions is stable in time and approximately equal to the
theoretical total platinum concentrations, indicating
that no sorption to container walls takes place during
storage. Any deviation from the theoretical total

platinum concentrations is a result of the preparation
of the solutions and analytical variation. No pre-
cipitate formation was observed in any of the AP 5280
solutions. The lack of visual detection of precipita-
tion is confirmed by the stable total platinum
concentrations in time. AP 5280 is very soluble in
water, and hence not likely to precipitate.

A drawback for the use of PVC administration sets
is the possible extraction of plasticizers (‘leaching’)
by the solubilized formulation. Leaching of DEHP, for
instance, has been described for infusion solutions
containing surfactants.19–21 AP 5280 infusion solu-
tions are free from such additives. Nevertheless, as
teratogenic and hepatotoxic effects have been
ascribed to DEHP,22,23 it was deemed important to
check for any leaching of DEHP due to AP 5280
infusion solutions. No DEHP could be detected in
any of the samples (detection limit: 0.5 mg DEHP/ml)
and clearly AP 5280 infusion solutions do not cause
significant leaching of DEHP from the PVC (Intraflex)
containers.

Figure 5 depicts the 195Pt-NMR spectrum of the
reconstituted solution in D5W at room temperature
after 96 h of storage. The spectra of the same solution
immediately after preparation and of the AP 5280
reconstituted solutions in normal saline immediately
after preparation and after 96 h storage were iden-
tical. These results indicate that platinum-binding
characteristics do not change for at least 96 h. It
should be noted, however, that the sensitivity of the
method is inadequate to detect a small percentage

Figure 4. Release of liberated platinum from AP 5280 in D5W solutionswhen stored in glass containers at refriger-
ated conditions. (Diamonds) AP 5280 after reconstitution (12.5mg/ml Pt), (squares) AP 5280 high-concentration infu-
sionsolution (3.06mg/mlPt), (triangles)AP5280medium-concentrationinfusionsolution (1.53mg/mlPt) and (circles)
AP 5280 low-concentration infusion solution (0.306mg/ml Pt).
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release of liberated platinum. This is illustrated by
the fact that the solution in normal saline after 96 h
storage shows the same 195Pt-NMR spectrum as the
solution in D5W, while its concentration of small
platinum species is 4%. The presence of liberated
platinum in a concentration as high as 4% of the total
platinum concentration is not detected by 195Pt-NMR
spectroscopy.

The initial experiments show that AP 5280 solu-
tions in D5W are chemically stable for at least 96 h. As
no difference was observed between the stability of
AP 5280 in D5W solutions stored in glass or PVC
containers, it was decided to employ Intraflex
containers for AP 5280 infusions in the clinic. This
choice was made because of the smaller chance of
breakage, and thus exposure of both hospital staff
and patients to cytotoxic agents, and convenience of
handling.

Infusion simulation experiments

In order to set the final administration parameters,
infusion simulation experiments were performed
employing 500-ml Intraflex containers containing
AP 5280 in D5W, a PVC infusion line (1.5 m. length)
and a needle. An infusion of 24 h was employed to
evaluate the liberated platinum release profile in the
infusion system.

Table 3 shows the total and liberated platinum
concentrations in time and the total amounts of
platinum and liberated platinum delivered after 24 h
by each infusion system. Again, all three concentra-
tions showed a stable total platinum concentration in
time. The total amount of platinum delivered was
within 90–110% of the theoretical amount for all
concentrations tested. Deviations from 100% total
platinum delivery can be attributed to the prepara-
tion of the infusion solutions and analytical variation.

Based on its proposed mode of action, the
integrity of AP 5280 upon administration is of great
importance. Stability of AP 5280 in solution has beenTa
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Figure 5. 195Pt-NMR spectrum of AP 5280 after
reconstitution with D5W after 96 h storage at room
temperature.
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evaluated by the extent and rate of platinum release
(‘liberated platinum’) from the polymer. Using the
ultrafiltration method to separate bound from
liberated platinum, all platinum species smaller than
3 kDa are gathered in the ultrafiltrate. At this
moment, identities of the platinum species in the
ultrafiltrate are unknown, as are their pharmacologi-
cal effects. Therefore, it is felt that it is important to
keep the levels of liberated platinum as low as
possible in AP 5280 infusion solutions. In the 24-h
infusion simulation experiment, approximately 0.6%
of the total platinum dose was delivered as liberated
platinum, regardless of the infusion concentration.
For the moment, the specification for the liberated
platinum concentration has been set at 1.0% of the
total platinum concentration. In order to keep within
safe margins of this specification, AP 5280 should be
reconstituted, diluted and administered within 8 h.

No DEHP was detected in any of the 24-h samples.

Hemolysis

Hemolysis can cause a wide range of undesirable
medical conditions, such as jaundice, kernicterus,
hemoglobinuria, nephrosis and acute renal failure.

Death can occur when hemolysis becomes severe.
Every effort must therefore be made to minimize the
occurrence of hemolysis and an evaluation of the
ability of a formulation to induce this condition is
therefore an important component of the develop-
ment of an i.v. formulation.24

AP 5280 infusion solutions are iso-osmotic and of
neutral pH, and are therefore not expected to cause
large disruptions in erythrocyte integrity. To date,
not many polymers have been found to cause
hemolysis. In fact, some polymers such as poyvinyl-
pyrrolidone, dextran and hydroxyethylstarch act in
an antihemolytic manner.25 Other polymers such as
poly(amidoamines)26 and polyimides27 cause little to
no hemolysis. However, some solid-phase poly
(methyl methacrylate) formulations were shown to
cause hemolysis.28 As AP 5280 is related to poly
(methyl methacrylate), it was felt important to test it
for its hemolytic potential.

AP 5280 will be administered at an infusion rate of
8.3 ml/min. The venous blood flow is approximately
40 ml/min (an estimate for the broad range of blood
flows in the circulatory system12), leading to a F:B
ratio of 0.2. To evaluate the effect of a varying
infusion rate, F:B ratios of 0.05 and 0.5 were also
investigated. Instead of a contact time of 1 s between
the test solution and blood, as described by

Table 3. Total and liberated platinum concentrations (mg/ml)7SD of AP 5280 infusion solutions in D5W in 500ml PVC
containers for the infusion simulation study

Time (h) Total platinumconcentration
(mg/ml Pt)7SD

Liberatedplatinumconcentration
(mg/ml Pt)7SD

(percentage of total
platinumconcentration)

High Medium Low High Medium Low

0 2.9770.11 1.5270.02 0.3570.03 0.010470.0053 0.007770.0017 0.002170.0002
(0.35%) (0.51%) (0.60%)

1 2.9770.04 1.5270.04 0.3570.03 0.010870.0007 0.007170.0001 0.001370.0003
(0.36%) (0.47%) (0.37%)

2 2.8970.08 1.4870.02 0.3570.02 0.019570.0012 0.009470.0036 0.001570.0004
(0.67%) (0.64%) (0.43%)

4 2.8270.08 1.5270.04 0.3470.02 0.014070.0024 0.008770.0028 0.001670.0001
(0.50%) (0.57%) (0.47%)

8 2.7570.04 1.4570.02 0.3270.03 0.016270.0037 0.008070.0021 0.001970.0006
(0.59%) (0.55%) (0.59%)

24 2.8370.07 1.4170.08 0.3470.03 0.013070.0028 0.009970.0049 0.002970.0009
(0.50%) (0.70%) (0.85%)

Totalamount of
(liberated) platinum
delivered

1413.6mg 741.6mg 168.8mg 7.36mg 4.38mg 1.08mg
(92.4%)a (96.9%)a (110.7%)a (0.52%)b (0.59%)b (0.64%)b

High53.06mg/ml Pt, medium51.53mg/ml Pt, low50.306mg/ml Pt.
aRelative amount of platinumadministeredwith respect to the theoretical total platinumdose.
bRelative amount of liberatedplatinumadministeredwith respect to totalplatinumdose.

M Bouma et al.

922 Anti-Cancer Drugs ? Vol 13 ? 2002

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Krzyzaniak et al. to be physiologically realistic for an
i.v. bolus injection,11–13 a longer contact time of 5 s
was employed to mimic the continuous exposure of
blood to the administered agent during prolonged
i.v. infusions.9

To differentiate between possible hemolytic effects
caused by platinum and those caused by polymer,
solutions of 2.5 mg/ml cisplatin (the maximum
solubility of cisplatin) and 39.2 mg/ml pHPMA
(corresponding to a platinum concentration of
3.06 mg/ml in AP 5280) in D5W were tested.

No hemolysis was detected for any of the solutions
tested in either the static or dynamic model, except
for the positive control, which showed increasing
degrees of hemolysis with increasing F:B ratios; up to
88% hemolysis for the F:B ratio of 0.5 in the static
model (data not shown). Therefore, infusion of AP
5280 solutions is not expected to cause any
hemolysis upon i.v. administration.

Conclusions

AP 5280 lyophilized product for i.v. infusion was
subjected to a series of in vitro tests to evaluate its
suitability for i.v. administration and for its potential
to cause hemolysis. AP 5280 in solution slowly
releases liberated platinum, a process enhanced by
the presence of chloride ions. Therefore, AP 5280
lyophilized product should be reconstituted and
diluted with D5W. Container material (glass or PVC)
does not affect the stability of AP 5280 in solution.
Storage at refrigerated conditions slows down the
liberated platinum release in AP 5280 solutions. In
the infusion simulation experiments, the total
amount of liberated platinum delivered was low
and no DEHP leaching was observed. Finally, no
hemolysis was shown to occur upon static and
dynamic hemolysis tests. In conclusion, AP 5280
should be reconstituted and diluted using D5W and
either glass or PVC containers can be employed for
administration of AP 5280 infusion solutions,
although for practical reasons PVC containers are
preferred. Administration should take place within
8 h after preparation of the infusion solutions to
ensure that less than 1.0% of the total platinum
concentration is present as liberated platinum.
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Yalkowsky SH. Lysis of human blood cells. 4.
Comparison of in vitro and in vivo hemolysis data.
J Pharm Sci 1997; 86: 1215–7.

12. Krzyzaniak JF, Raymond DM, Yalkowsky SH. Lysis of
human blood cells. 2. Effect of contact time on
cosolvent induced hemolysis. Int J Pharm 1997; 152:
193–200.

13. Krzyzaniak JF, Yalkowsky SH. Lysis of human
blood cells. 3. Effect of contact time on surfactant-
induced hemolysis. J Pharm Sci Technol 1998;
52: 66–9.

14. Trissel LA. Handbook on injectable drugs, 11th edn.
Bethesda, MD: American Society of Health-System
Pharmacists 2001.

15. Parfitt K, ed. Martindale, the complete drug
reference, 32nd edn. London: Pharmaceutical Press
1999.

16. Cheung YW, Cradock JC, Vishnuvajjala BR, Flora KP.
Stability of cisplatin, iproplatin, carboplatin, and
tetraplatin in commonly used intravenous solutions.
Am J Hosp Pharm 1987; 44: 124–30.

Stability and compatibility of AP 5280 infusion solutions

Anti-Cancer Drugs ? Vol 13 ? 2002 923

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



17. Lévi F, Metzger G, Massari C, Milano G. Oxaliplatin:
pharmacokinetics and chronopharmacological
aspects. Clin Pharmacokinet 2000; 38: 1–21.

18. Product information Eloxatins. Sanofi-Synthelabo.
Available at: www.sanofi-synthelabo.com.au/pdf/
eloxatin-pi-pdf

19. Waugh WN, Trissel LA, Stella VJ. Stability,
compatibility and plasticizer extraction of taxol
(NSC-125973) injection diluted in infusion
solutions and stored in various containers. Am J
Hosp Pharm 1991; 48: 1520–4.

20. Mazzo DJ, Nguyen-Huu JJ, Pagniez S, Denis P.
Compatibility of docetaxel and paclitaxel in intra-
venous solutions with polyvinyl chloride infusion
materials. Am J Health-Syst Pharm 1997; 54: 566–9.

21. Pearson SD, Trissel LA. Leaching of diethylhexyl
phtalate from polyvinyl chloride containers by
selected drugs and formulation components. Am J
Hosp Pharm 1993; 50: 1405–9.

22. Petrick RJ, Loucas SP, Cohl JK, Mehl B. Review of
current knowledge of plastic intravenous fluid
containers. Am J Hosp Pham 1997; 34: 357–62.

23. Elcombe ER, Mitchell AM. Peroxisome proliferation
due to di(2-ethylhexyl) phtalate (DEHP): species

differences and possible mechanisms. Environ
Health Perspect 1986; 70: 211–9.

24. Krzyzaniak JF, Yalkowsky SH. In vitro methods for
evaluating intravascular hemolysis. In: Gupta PK,
Brazeau GA, eds. Injectable drug development:
techniques to reduce pain and irritation. Denver,
CO: Interpharm Press 1999: 77–89.

25. Williams RJ. The surface activity of PVP and other
polymers and their antihemolytic capacity. Cryo-
biology 1983; 20: 521–6.

26. Richardson S, Ferruti P, Duncan R. Poly(amido-
amine)s as potential endosomolytic polymers:
evaluation in vitro and body distribution in normal
and tumour-bearing animals. J Drug Targeting 1999;
6: 391–404.

27. Richardson Jr RR, Miller JA, Reichert WM. Polyimides
as biomaterials, preliminary biocompatibility testing.
Biomaterials 1993; 14: 627–35.

28. Dillingham EO, Webb N, Lawrence H, Autian J.
Biological evaluation of polymers I. Poly-
(methyl methacrylate). J Biomed Mater Res 1975; 9:
569–96.

(Received 24 June 2002; accepted 9 July 2002)

M Bouma et al.

924 Anti-Cancer Drugs ? Vol 13 ? 2002

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


