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THESIS SUMMARY.

Procedures for the analysis of two platinum analogues, Cisplatin and Carboplatin in
aqueous solution, were reviewed and modified to produce a method to allow for the
simultaneous detection of these two compounds, using high - performance liquid
chromatography (HPLC).

The HPLC assay method was used to investigate the decay of both platinum analogues
in aqueous and biological samples. In addition the formation of the primary
degredation product of Cisplatin, which was identified as the mono-aqua platinate II
ion, was monitored. The decay was assessed by one of two methods of detection,
using either an Electrochemical detector (EC), known for high sensitivity levels, or the
severn Analytical UV detector.

Stability studies of hydrolysis of Cisplatin have been well documented , but
information as to the decay of Carboplatin is seen to conflict. The decay of
Carboplatin in various infusion fluids was investigated over the period of two weeks,
in a range of temperature and lighting conditions. Elevation of temperature has a
significant effect on decay, as well as light and the presence of high chloride ion levels
in the infusions.
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INTRODUCTION

The Clinical triais Unit based at the St Chads Cancer Unit, City Hospital , Birmingham, have
devised a projected WMGOG phase II study in advanced state epithelial ovarian cancer
(Appendix I). This type of cancer has a high relapse rate and proves highly drug resistant.
Response rates are about 70 - 80% with platinum/alkylating agent combinations and the 5 year
survival rates reportedly vary between 10% and 32%. The current standard protocol used is
cisplatin 75mg/m’ , given at 3 weekly intervals for a total of 6 - 8 cycles, and the response rate

is 70%

The protocol devised by the aforementioned unit wishes to explore the contentional evidence
that relative measures of drug delivered per unit time may determine treatment outcome, ie.
dose intensity. Chemotherapeutic drugs are usually prescribed at doses close to the maximum
tolerable. For combinations of cyclophosphamide and cisplatin, the dose limiting toxicities are
myelosuppression and neurotoxicity , respectively. Carboplatin has similar efficacy to it's
parent compound but with a different spectrum of toxicities. Logically it might be used in
combination with the parent compound to provide both safe and tolerable platinum dose inten-
sity, but by means of it's myelosuppression, it would be advisable to avoid concurrent use of
alkylating agents. Other groups have followed this approach (1). The Unit also anticipates that
toxicity of the combination may be further reduced by rescheduling the ddses, using the two
drugs alternatively with each other, with either a 10/11 day or 14 day dose interval, and also
envisage that carboplatin treatment is better tolerated by poor performance status patients for
whom a 50:50 cisplatin:carboplatin combination of the total number of treatment cycles would

provide increased tolerance.
AIM

To investigate the potential of H.P.L.C methods for the efficient and accurate determination of
cisplatin and it's active analogue, carboplatin, in both intravenous and biological samples, in
accordance with the requirements set out in the phase II protocol (Appendix IV). In addition,
the simultaneous analysis of these two platinum analogues offers the opportunity to investigate
the decay of both complexes and to monitor the rate of cisplatin formation, as a degradation

product of carboplatin in various infusion fluids. This information may prove of use for future
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pharmaceutical applications, especially in the clinical setting, where the current emphasis of
treatment is for patients to be treated on an 'out-patient' basis with prolonged portable infusion

packs.
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CHAPTER 1. BACKGROUND

(1.1) OVARIAN CANCER

Ovarian cancer is the fifth leading cause of cancer death amongst women, being the leading
cause of death from gynaecological cancer. Mortality figures indicate upwards from 11,000

women die each year, the incidence rate rising with age, mean 62.3 years.

Early diagnosis is difficult, with most reported cases being in stage III or IV. Therapy and
prognosis depends largely on the anatomic extent of growth and penetration of the ovarian
capsule by the tumour. Spread can occur in several ways, direct extension from the primary
site, vascular invasion, transperitoneal spread, spread along the epithelial lined spaces and
implantation of tumour fragments. If the tumour is poorly differentiated, then the cells devote
more time to reproduction. If the tumour is well differentiated, then it will reproduce the
structure and function of the original parent. In general, those tumours from the poorly
differentiated germ cells are rapidly fatal. No adequate knowledge concerning the occurrence
of the cancer in humans has been published, but the presence of either oestrogen or
dihydrotestosterone receptors have been found in at least 6 different types of human ovarian
tumours (2). Treatment includes surgery, radiation therapy, chemotherapy, and in the future

immunotherapy perhaps stimulating host immunoresponses to the cancer.

(1.2) THE USE OF PLATINUM ANALOGUES IN OVARIAN CANCER

1.2.1) Pharmacol

Cisplatin is an inorganic heavy metal co-ordination complex indicated for a variety of
metastatic tumours including testicular, advance bladder cancer and ovarian tumours.
Carboplatin is one of a number of ' second generation ' platinum compounds , and until
recently was the only analogue of cisplatin advocated for use in treatment of ovarian cancer.

(TAXOL™ now available 1997)

Cisplatin has properties similar to those of the alkylating agents producing interstrand and
intrastrand crosslinks in deoxyribonucleic acid (DNA). The preferred site for the diammine

platinum adduct is on the dGpG nucleotide. The DNA is modified in the 3D state to
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accommodate the planar platinum complex, stabilised by an intramolecular H-bond between
the proton of the amine and the oxygen molecule of the S-phosphate of the nucleotide. By
disrupting the cellular DNA conformation, normal DNA synthesis is inhibited. It is cell cycle

non-specific.

(i)CISPLATIN (i) CARBOPLATIN
NH; Cl 0]

\H/ H’N\ /O
/ \ H;N/ I\o

NH; Cl

Figure 1. Structure of two Pt(II) complexes

Carboplatin is a cisplatin analogue with a carboxycyclobutane moiety replacing the chloride
atoms on the parent compound, figure 1. Likewise , also used as a chemotherapeutic agent,
producing predominantly interstrand DNA crosslinks. This effect is also apparently cell cycle
nonspecific. the chemistry of these two platinum complexes will be dealt with in greater depth

later.

(1.2.2) Chemotherapy.

Cisplatin with or without alkylating agent is currently regarded as the standard treatment for
epithelial ovarian cancer. Introduction of cisplatin into clinical use in 1976 was a land mark,
with improvement in remission rates and freedom from progression whether used as first or
second line therapy. For ovarian cancer, cisplatin can be used in conjunction with doxorubicin
in patients who have received surgical or radiotherapeutic procedures, or as a single agent in
secondary patients refractory to standard chemotherapy who have not previously received
cisplatin. Carboplatin is used in the treatment of recurrent ovarian carcinoma, including
patients previously treated with cisplatin. It is useful in tumours resistant to cisplatin, however
untreated patients respond better than pretreated patients to single agent carboplatin, and
patients refractory to cisplatin rarely respond to carboplatin due to high incidence of

cross-resistance (>80%).

DNA repair may be a mechanism of resistance to cisplatin. Certain studies have shown that
DNA synthesis activity is enhanced is cisplatin resistant cell lines compared to cisplatin
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sensitive cell lines after drug exposure (3). Other studies support the contention of resistance,
by possibly enhancement of removal of platinum from cellular DNA following Exposure (4),

and/or expression of genes conferring resistance (5).

There are at least 6 randomised studies comparing the use of cisplatin and carboplatin in
advanced ovarian cancer, and the results seem to point to the conclusion that carboplatin
appears to be at least as effective as cisplatin in the treatment of ovarian cancer providing

adequate doses are used (6,7).

Consider the rationale for combination therapy with both analogues, as mentioned in the
projected phase II study. This includes the potential for less than complete cross resistance,
the relative absence of overlapping toxicities and the recognised steep dose - response curve
for platinum analogues. The combination might permit administration of very high doses with
improved efficacy, whilst avoiding the serious auditory and peripheral neurotoxicity of very
high dose cisplatin alone, which become more apparent after cumulative doses of 350 to
600mg/m? (corresponding to 3 cycles of cisplatin), or the profound myelosuppression of high
dose carboplatin. Studies by Trump et al.(8), indicated that Co-administration produced higher
incidence of thrombocytopenia and myelosuppression which could not be accounted for
specifically, but may be due to cisplatin moderated renal clearance of carboplatin. However
there may be a therapeutic advantage by combining the two agents through a modification of

toxicity.

(1.2.3) Chemoradiotherapy.

There are numerous clinical reports of protocols that combine platinum based drugs and
radiation in the treatment of cancer. The rationale for the design of these protocols developed
from the results of pre-clinical studies demonstrating that platinum compounds potentiate the
cytotoxic effects of radiation towards cells, both in culture and transplantable tumour models.
Chemotherapy alone appears to be unable to induce satisfactory remission. Studies have
demonstrated that the efficacious integration of cisplatin with radiation usually produces
higher response rates than single agent therapy, in vitro (9,10). In vivo studies show that,

alone among 9 platinum complexes tested, carboplatin causes an increase in tumour
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phosphorylation without an associated increase in healthy kidney and/or liver tissue

phosphorylation, indicating greater tumour selectivity (11).

(1.2.4) Chronopharmacology

The kinetics of drugs generally reflect cyclic changes in metabolic activity of organs primarily
responsible for drug metabolism and elimination, usually the kidney or liver. Reports suggest
that the renal damage from cisplatin correlates with the concentration of free drug in the urine,
(hence intravenous hydration before and during cisplatin administration), and that this toxicity
may be affected by the well known circadian rhythms (12). The high amplitude rhythm in drug
metabolism depends partially on the route of administration, meal timing, sleep-wakefulness
schedule, season and endogenous monthly cyclical activity of men and women. A comparison
of early morning and evening courses of cisplatin indicated that evening infusion resuited in
greater urine output, lower peak urinary platinum concentrations and lower AUC
concentrations compared to that of morning courses. There were also marked differences in
the toxicity profiles. Patients receiving morning doxorubicin and evening cisplatin produced
significantly lower nadir blood counts, with less than full recovery by 28 days. Using evening
cisplatin, nephrotoxicity was also avoided completely during the first cycle of treatment, while
giving it in the morning reduced renal clearance by 30 ml/min, after one course indicating
severe renal damage (13). Conversely, another study by Kerr et al.(14), provided strong
preliminary pharmacokinetic evidence of the effect of circadian timing for carboplatin, with
renal clearance and urinary elimination being markedly higher after morning than evening

doses.
Hence kinetic studies should be performed and reported in a time quantified fashion and it is
reasonable to expect that since kinetic parameters are important in determining drug toxicity

and effect, that these too may vary predictably during the day.

(1.2.5) Pharmacokinetics.

Following a single I.V. dose, generally 120mg/m’, cisplatin concentrates in the liver, kidneys
and large and small intestines. Unstable hydrolysis of cisplatin are rapidly bound to plasma
proteins, binding is over 90%. Cisplatin plasma levels decay in a biphasic manner, the initial
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plasma half life is 25 - 29 minutes, and the post distribution half life is 58 - 73 hours. The
extensive protein and tissue binding results in a prolonged excretory phase, primarily through
the kidney, with a cumulative urinary excretion of 27 - 43% of dose within 5 days. protein
bound cisplatin has little , if any activity. The active non-protein bound fraction found in
plasma can be removed by centrifugation and ultrafiltration, but platinum complexes with
small molecules of molecular weight less than 50,000 Daltons and of unknown activity are still

present in the plasma ultrafiltrate and may persist for several days (15).

The pharmacokinetic behaviour of platinum administered as carboplatin is strikingly different,
most likely residing in the difference in the bidentate leaving group present in carboplatin, as
opposed to the two chloride atoms present in cisplatin. The difference occurs in the binding to
plasma proteins. Carboplatin binds so much more slowly. carboplatin decays in a biphasic
manner after a 30 minute infusion of 300 - 500mg/m’, in patients with a creatinine clearance of
greater than 60ml/min. the initial plasma half life (alpha) is 1.1 to 2 hours, and the post
distribution half life (beta) is 2.6 to 5.9 hours. Within 1 hour, 23 - 50% of the dose is excreted
renally, and 54 - 90% within 24 hours. Tubular secretion is probably not involved, in whicj
carboplatin difffers from cisplatin, elimination is via glomerular filtration, hence the difference
in presenting toxicities. Plasma carboplatin is non-protein bound (<94%), and no significant
quantities of protein free unitrafilterable platinum containing species other than carboplatin are
present in plasma, in the post infusional phase (16). All of the platinu in a 24 hour urine sample
is present as carboplatin. This reflects the much longer plasma half life of unbound carboplatin
compared to cisplatin, and the higher percentage excreted in urine, However there is an
apparant increase in the percentage of platinum protein bound with time after carboplatin
administartion. Harland et al. (16), found that a mean of 87% of platinum was protein bound
24 hours after a | hour infusion. It is suggested that degradation products or metabolites of
carboplatin are irreversibly bound to plasma proteins as time passes. The pharmacokinetics of
carboplatin are linear, plasma concentrations and AUC increase proportionally with the dose,
with no consistant dose related changes in plasma half-life, or volume of distribution (17).
More specifically, at all doses the plasma half-life is two to three times the creatinine
clearance, and the apparent volume of distribution of 16 - 24L/m? approximates to total body

water (18).
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Renal clearance of free platinum correlates highly with creatinine clearance in patients with
normal renal function. In patients with impaired renal function, the total body and renal
clearance decreases as creatinine clearance decreases. This relationship implies that other
means of elimination such as enhanced plasma binding or biliary excretion do not compensate

for decreased renal function or maintain carboplatin half- life.

(1.2.6) Adverse Reactions.

Adverse reactions to cisplatin are extensive. Nephrotoxicity is the major dose-limiting toxicity,
seen in 28 to 36% of patients treated with a single dose of 50mg/m’ First noted during the
second week, it is manifested by elevations in creatinine , serum uric acid and a decrease in
creatinine clearance. This impairment of renal function is associated with renal tubular
damage. the administration of cisplatin using a 6 - 8 hour infusion with L.V, hydration and
mannitol has been used to reduce nephrotoxicity, but toxicity still occurs and becomes more
prolonged and severe with repeated courses of the drug. doses are fimited to once every 3 to 4
weeks. Other reactions include severe neuropathies, often irreversible and seen in patients
recieving higher doses, such as areflexia, loss of sensation and motor function;
anaphylactic-like reactions; ototoxic affects manifesting as tinnitus or hearing loss in high
frequency range either unilateral or bilateral and is more frequent with repeated doses;
haematological effects such as myelosuppression occurs in 25 - 30% ( the nadirs in
circulating platlets and leucocytes occur between days 18 and 23 with most patients
recovering by day 39 ), leucopenia, thrombocytopenia and anaemia occuring with higher
doses; electrolyte disturbance such as hypocalcemia, hyponatremia, hypokalemia and
hypophosphatemia are common due to renal tubular damage and can be restored by
administering supplemental electrolytes. Hyperuricemia can occur after 3 - 5 days and can be
controlled with allopurinol; vascular toxicities such as myocardial infarction or cerebrovascular
accidents are rare, as is the development of Reynaud's Syndrome and visual impairment.
Marked nausea and vomiting occurs in almost all patients, beginning 1 to 4 hours after

treatment and lasting up to 24 hours, with nausea persisting up to 1 week after treatment.

Tha adverse effect profile for carboplatin is narrower with bone suppression resulting in
leukopenia, neutropenia and thrombocytopenia being the dose limiting toxicity, (median nadir
occurs at day 21 in patients recieving single agent carboplatin). Patients who have recieved
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prior therapy with other regimes will have increased risk of bone marrow suppression, as well
as those with impaired kidney function and concomitant treatment such as radiotherapy, hence
doses must be reduced. Creatinine clearance has been the most sensitive measure of kidney
function and appears to be the most useful test for correlating drug clearance and bone
marrow suppression. Anaemia is cumulative and can result in frequent transfusions for thoses
receiving prolonged therapy. Carboplatin is significantly less emetogenic than cisplatin. Both
nausea and vomiting usually cease within 24 hours treatment and the incidence and intensity
have been reduced by the use of pre-medication with antiemetics. The incidence of peripheral
neurptoxicity is low, but is increased in patients older than 65 years, or those with prolonged
treatment. Anaphylactic reactions do occur within minutes of administration but can be
controlled along with other allergic reactions such as rash, uticaria, erythema, pruritus,
bronchospasm and hypotension . Cardiovascular events have occurred but do not appear to be

related to chemotherapy (19).

(1.2.7) Contraindications.

Those patients with pre-existing renal impairment, myelosuppression, hearing impairment or a
history of allergic reactions to platinum containing compounds are contraindicated to recieve
cisplatin therapy. For carboplatin therapy, thoses patients who have severe bone marrow
depression, significant bleeding or who likewise have a history of severe allergic reactions to

platinum therapy are contraindicated to receive treatment.

(1.2.8) Administration and Dosage.

Cisplatin is usually administered in 2 litres of 5% w/v dextrose in Normal Saline and infused
over 6 to 8 hours. Pre-treatment requires hydration with 1 to 2 litres of fluid for 8 to 12 hours
prior to doses, and adequate hydration maintained during the following 24 hours. For
treatment of ovarian tumours 50mg/m? cisplatin 1.V. can be administered with 50mg/m’
doxorubicin LV. once every 3 weeks (day 1) sequentially. As a single agent, 100mg/m’
cisplatin 1.V. every 4 weeks. A repeat course is not given until serum creatinine levels are
below 1.5mg/100ml, or circulating blood elements are at acceptable levels (platelets above

100,000cu/mm, WBC above 4,000cu/ mm).
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Carboplatin is usually administered in 5% w/v dextrose as a single agent at a dose of
360mg/m? by an infusion lasting 15 minutes or longer, once every 4 weeks. No pre-treatment
of forced diuresis is required. In general, single courses of carboplatin are not repeated until
the neutrophil and platelet count are at acceptable levels(18), and any dose adjustments are
based on lowest post-treatment platelet or neutrophil value. For patients with impaired renal
functions, doses are adjusted according to baseline creatinine clearance. Calculations for
carboplatin are based on those devised by Egorin M J et al. (20). Carboplatin has practical
clinical advantages compared to cisplatin because it can be administered conveniently in the
out-patient setting with improved patient acceptance because of the absence of gastrointestinal

effects .

The treatment of relapsed ovarian cancer is a difficult problem. In patients with primary
resistance to cisplatin, short term responses may be observed, but almost all patients will
rapidly die of unresponsive malignancy. In studies of patients who achieved partial remission
to first-line therapy, clinical responses have been obtained with high-dose or intraperitoneal
administration (21). Doses can be escalated in increments of 25% in good performance status
patients with adequate renal function (ie. serum creatinine <Img/dL) in order to maximise
response rates and survival duration. Dose intensification , in realms of 800mg/m’ of
carboplatin every 5 weeks may overcome acquired cisplatin-induced drug resistance and lead

to improved clinical response rates and duration in patients with advanced disease (22).
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(1.3) CHEMISTRY OF THE PLATINUM ANALOGUES

(1.3.1) Covalent Bond Character.

Platinum is in the third row of transition metal elements of the periodic table and has eight
electrons in the outer 'd' shell. The orbital of it's outer electrons are more polarizable and
bonds formed are covalent in character. These bonds have fixed bond angles and spatial
configuration, and are dependant on the oxidation state of platinum , either +2 or +4 (usually
designated Pt(II) or Pt(IV) respectively. In Pt(1I) complexes, the platinum atom has four
bonds directed to the corner of the square at which the four ligand atoms are located, figure 1.
In Pt(IV) complexes, there are six bonds, 4 positioned as in Pt(Il) and one above and one
below the platinum atom. Because these bonds are fixed, these complexes have distinct
isomers, such as cis- and trans-Pt(I[)(NHs),Cl,. The cis- isomer is the antitumour drug
cisplatin, whereas the frans- isomer has virtually no antitumour activity, which indicates the
importance of steric conformation. Displacement reactions can occur in Pt(IT) complexes in
which one or both ligands are displaced by a competing nucleophile, in analogy to the

reactions of the alkylating agents, hence the significant similarities.

(1.3.2.) Displacement reactions in Water and Biological Fluids.

Displacement reactions cause the platinum to become bound to DNA, RNA, proteins and
other critical biomolecules. All antitumour complexes are bifunctional in that they form , by
successive displacement reactions, two stable bonds, under physiological conditions, so as to
produce a covalent cross-link between the two nucleophilic atoms of the macromolecule, with
retention of the spatial configuration of the bond angles in contrast to the alkylating agents.
the stability of binding of different ligands to Pt(II) varies greatly. Binding to sulphur or nitro-
gen is essentially irreversible, compared to that of the halogens, of the order I' < Br' < CI' and
the stability of binding to water is weaker still. Another important determinant of displacement
reactions is the rate of dissociation. For example , the dissociation of sulphur or nitrogen is
generally negligible under physiological conditions, whereas the aqua ligand dissociates
rapidly, and the chioride ligand more slowly. The pharmacologic behaviour of cisplatin is in

part determined by it's reactions in water. figure 2.
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Figure 2.(a)
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Figure 2.(a) Aquation and hydrolysis equilibria of Cisplatin (pKa values from
ref.42). Note that reactions 3 and 6 are favoured at physiologic pH and yield products
that have a neutral charge and that could readily cross cell membranes. The half-life
for the initial aquation reactions are, at 25C,t} » for 1 and 2 are 7.7 hr and 5.8 hr,
and the equilibrium constant 3.6mM and 0.11mM respectively (43). At 37C, t; »
would be 2.5hr, and the equilibrium constant 4.4mM, and would eventually reach an
equilibrium ratio of 1:1 for the dichloro:dichloroaqua species. However because of the
slowness of the reaction and the presence of other reactive constituents other than
water, it is unlikely that this equilibrium would be achieved in biological systems.

(b) 'Bridged' hydroxylated complexes have been reported in addition to the
aquation products shown above (26).
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Although possible that a chloride ligand might be displaced directly in reaction with a macro-
molecule, it is generally agreed that the more usual path is via an initial aquation reaction in
which the chloride is replaced by a water molecule. this reaction is driven by the high concen-
tration of water in body tissues. This aquated platinum complex can then react rapidly with a
variety of binding sites, such as thiols, disulphides , guanidines and amines (23-25). the
pharmacological importance may be due not only to the highly reactive aquated species, but
also due to the different ionic states that can affect the permeability of a particular species
through lipid membranes. The uncharged species would be expected to penetrate membranes
more easily. In blood plasma, the high chloride concentration (approx. 100mM) would keep
cisplatin predominantly in the uncharged and relatively unreactive dichloro- form. This form
can react with sulphydryl- groups of plasma proteins, and also enter cells by passive diffusion.
In the cytoplasm, the relatively low chloride concentration ( approx. 4mM ) would favour the
aquation reaction, yielding the highly reactive species , whose ionic charge would retard exit
from the cell (27-29)

In intact DNA, there seems to be preferential binding to the N-7 positions of guanine and
adenine (30,31). This may be due to the high nucleophilicity of the imidazole ring, particularly
at the N-7 position. in the reaction of cisplatin with DNA or other macromolecules, the two
chloride ligands, after aquation, react with two different sites producing cross-links , of
approximately 3A (19), compared to the alkylating agents 7 - 10A. the type of DNA lesions
related to cytotoxicity and anti-tumour activity has not clearly been established. Studies
indicate that cytotoxicity can be related to total platinum binding in DNA, interstrand and
intrastrand cross-links i.e.. bidentate N-7 adducts at d(GpG) and d(ApG), (32) figure 3.

The d(GpG)-cisplatin lesion causes a marked distortion of DNA configuration by disrupting
the local structure, allowing the cytosine bases that normally are paired to the guanines
become partially or totally unpaired. In addition, the intrastrand adducts introduce a sharp
bend in the helix axis of the DNA , which is consequence of the geometry of the complex
involving two adjacent guanine-N-7 positions. Although the frans-isomer complex is capable
of binding and cross-linking to DNA, the cytotoxicty is low and there is no antitumour activ-
ity. The reason for the difference is unclear, but may be due to the lack of interstrand cross-
links produced in mammalian cells, or even because of it's geometry. The trans-Pt(1I) cannot
form intrastrand cross-links between adjacent bases, but forms intrastrand cross-links in which
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one base is skipped, i.e.., d(GpXpG) (33). Because cisplatin can react avidly with many acces-
sible sulphur and nitrogen sites on a variety of proteins, the mechanism of toxicity may be due

to ligand exchange reactions with sulphydryl groups of critical enzymes resulting in toxic

effects on the kidney, gastrointestinal tract and bone marrow.

Figure 3.
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Figure 3. Bifunctional adducts of Cisplatin with DNA. Lesions indicated in
(A),(B), and (C) represent different intrastrand adducts, which together make
up >90% of total platinum binding to DNA. The lesion indicated in (D) is the
interstrand cross link and accounts <5% of total platinum binding to DNA.

DNA repair capability plays a major role in cisplatin drug resistance and there has been
proposed a specific mammalian DNA repair system. Some tumour types are not able to
survive the metabolic stress after treatment, during which the DNA lesions are repaired, and
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these then undergo lysis. Hence some tumours may be responsive because of a defect that
impairs their ability to survive the radical surge in metabolism. other intercellular effects
include alterations in transmembrane transport of essential amino acids (34), suppression of
ATPase activity in the kidney (35), and suppression of calcium channel function (36) whereas
intracellular effects reported include suppression of mitochondrial function and microtubule

assembly (37,38).

Several studies have demonstrated that certain cell lines within a given histologic type exhibit
different levels of inherent sensitivity to cisplatin and other heavy metals (40,41), and exposure
of cells to compounds that augment intracellular sulphydryl levels (42). Hence sensitivity or
resistance can be grouped into three general categories; alterations in transmembrane transport
of the drug, cytosolic quenching of the drug due to increased levels of sulphydryl compounds,
and enhanced DNA adduct repair. To optimise chemotherapy, these mechanisms must be dealt
with. Although the antitumour effects have generally been ascribed to it's covalent binding to
DNA of the tumour cells, alterations of immune function may contribute to it's clinical activity.
In rodents and in humans, evidence suggests that cisplatin may augment immune function in

settings where drug dosing is equivalent to therapeutic levels of drug exposure (43,44).

Carboplatin seems to have a subcellular mechanism of action very similar to that of cisplatin,
although it's clinical spectrum of side-effects differs. Studies indicate a difference in peak DNA
binding levels, cross-linking occurring 6 to 12 hours later. the aquation rate constant for
carboplatin has been demonstrated to be 100 fold slower than that of cisplatin (phosphate
buffer pH7 at 37°C, 7.2 x 107/second and 8 x 10"%/second, respectively), which may account
for these findings (45). However when cells were treated , a 20 to 40 fold larger dose of
carboplatin was needed to produce levels of DNA binding equivalent to cisplatin. When cells
were treated to produce the same DNA binding, the cytotoxicty was the same for the two
compounds, thus implicating DNA adduct formation as the common lesion formed by both

drugs.
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(1.3.3) Drug Interactions.

These fall under severai categories ; incompatibility with certain types of parenteral materials,
noncytotoxic compounds that alter the therapeutic index of the drug when administered to

intact hosts, and, cytotoxic agents that demonstrate synergism.

Cisplatin and carboplaatin should not be administered with materials containing aluminium as
metal precipitate forms, effectively lowering drug concentration in solution and also resulting
in unexplained side-effects from drug delivery (36). Sulphur containing compounds , thiosul-
phates and phosphorothioates compose a group of agents with the potential to improve the
therapeutic index of cisplatin. The 'quenching' effect as previously mentioned was thought to
result from the covalent binding of the sulphur moiety to excess cisplatin in plasma, replacing
the chloride ligands and thus inactivating the drug before it can react with nucleophilic sites of
extracellular proteins. This observation was expanded by Howell et al.(46), with the admini-
stration of thiosulphates by intravenous infusion to cancer patients receiving intraperitoneal
cisplatin. They receive up to 270mg/m? of cisplatin, and renal toxicity was avoided when
thiosulphates were administered 1.V at doses of 2.13mg/m?hour for 12 hours. Thiosulphate
does not ordinarily penetrate through cell membranes , and was confined to the extracellular
space, and inactivated cisplatin in the urinary tract. As a result the search for compounds that
may offer an enhancement of cisplatin's therapeutic index has begun. One such compound,
diethyldithiocarbamate (DDTC) has been shown to decrease cisplatin - induced renal toxicity
in rodents. DDTC and it's first metabolite diethyldithiocarbamate S-methylester (DDTS can

react with cisplatin singly or in sequence to form uni- or bi- dentate metal chelates (47).

A number of cytotoxic anticancer agents are suppraadditive , or possibly synergistic with
cisplatin in vitro or in vivo, including 5-flourourcil (48), reason yet unexplained. Synergistic
renal toxicity has been noted with aminoglycoside antibiotic such as gentamicin (49). Other
agents that are eliminated via the kidney should be used in caution in patients who have renal

dysfunction secondary to cisplatin treatment.
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(1.4) FORMULATIONS

1.4.1) Platinol™
Cisplatin is supplied as a freeze dried powder. The intact vials have a shelf life of 2 to 4 years

at room temperature (21°C) and refrigeration (2-8°C), respectively. When reconstituted with
sterile water for injection, each 1ml should contain 1mg cisplatin, 9mg sodium chloride and
10mg mannitol. the resulting pH should lie between 3.5 and 5.5, and the solution is stable for
20 hours at room temperature. The patented trade name is PLATINOL™, supplied by
Bristol-Myers Oncology.'

(1.4.2) Paraplatin™

Carboplatin is supplied likewise as a freeze dried powder, with mannitol. The vials should be
stored at room temperature , protected from light. Reconstitution can be performed with
either sterile water for injection , or 5%w/v dextrose in Normal Saline. The solutions are
stable for 8 hours only at room temperature, since no antibacterial preservative is contained
within the formulation. The patentedi trade name is PARAPLATIN™, also supplied by
Bristol-Myers Oncology.

(1.5) STABILITY

The potential instability of the reconstituted aqueous cisplatin injection may arise from
aquation, incompatibilities of formulatory adjuvants, and those mentioned previously, 1.e..
co-administered drugs, contact with metal surfaces and microbial contamination. Cisplatin
undergoes aquation in aqueous solution to produce and aquated platinum complex and
chloride ligand, figure 2. This reaction in water is forced initially to follow the forward
reaction pathway of the equilibrium, to produce a monoaqua-complex. The hydrolysis of
cisplatin is then forced backwards due to increasing levels of chloride ions in solution until a

stabilising effect is reached.

: * Cisplatin is now available as an injectable solution, containing mannitol, sodium

chloride, dilute hydrochloric acid and water. Supplies may be obtained from Faulding
Pharmaceuticals Ltd., in strengths of 10mg, 50mg and 100mg. This formulation was not
available at the start of these studies in 1991.
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Krull et al.(50) investigated the stability of cisplatin in H.P.L.C. grade distilled water at 37°C,
and also in various concentrations of sodium chloride solution, Table 1. In general, higher
levels of sodium chloride (NaCl) concentration relative to the initial concentration of cisplatin
leads to a longer half life. In the absence of NaCl, cisplatin is more stable at higher concentra-
tions. For this reason cisplatin should be mixed only with saline solutions at a concentration of
0.9%w/v or higher when prepared for L'V. use (51,5 2). The addition of chloride to aqueous
solutions of cisplatin influences the rate of degradation, and more importantly the concentra-
tion of drug at equilibrium. Table 2 shows the percentage of drug present after 12 hours in
solutions of various concentrations of NaCl. This data indicates that only 1% of the drug

would be lost from the reconstituted injection using 0.9%w/v NaCl(aq), over a 12 hour period

(52).

Table 1. Stability studies for Cisplatin in aqueous media.

Platinum compound Aqueous Media Half life(t; /)
Cisplatin (Stern) Distilled water HPLC 2.33 hrs
grade:20ppm
Saline inf solution stable at
0.9% NaCl 100ppm 6 days
Cisplatin (Bristol) Saline inf solution 18 hrs
0.018%NaCl 20ppm
Saline inf. solution stable at
0.9% NaCl 100ppm 6 days
Saline inf.solution 22.6 hrs
0.09%NaCl 100ppm
Blood plasma* 1.45 hrs

0.45%NaCl 50ppm

* Recovery at zero time of cisplatin from blood plasma at this level was 95-100%
(50)
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Table 2.Percentage of drug present in solutions originally containing Cisplatin

(50 and 500mcg/ml) and various concentrations of NaCl after 12 hours at

25C (pH7.5).

Sodium Cloride Cisplatin Remaining
Concentration 50mcg/ml 500mcg/ml

(%w/v) (%)

0.00 36.5 39.0

0.10 86.0 89.0

0.45 98.0 98.0

0.90 99.0 99.0

(52)

In comparison, carboplatin is relatively stable in aqueous solution, however degradation may
likewise be accelerated by nucleophilic attack by chloride ions and hydroxyl ions (53),
although the rate of hydrolysis would be much slower due to the complexity of the molecule,
which is stabilised by the di-carboxylcyclobutane ring. However hydrolytic cleavage, or
nucleophilic substitution of the cyclobutanecarboxylate ligand with chloride could lead to a

range of degradation products including the formation of cisplatin, figure 4.

A container effect study (53) suggests that all 1.V. containers used have no effect on the
stability of platinum analogues. Also studies of platinum analogues in I.V. vehicles indicate
that carboplatin and ipraplatin are stable for 24 hours in all infusion fluids, compared to
cisplatin and tetraplatin, whose stability is related to the chloride ion content of the infusion

fluid.

(1.5.2) Effect of pH

The stability of cisplatin has also been found to be pH dependant. Under acidic conditions,,
and in the absence of added chloride ions, the rate of loss of cisplatin and the concentration of
drug at equilibrium is dependant on it's initial concentration. As the pH increases , the fraction
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