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SUMMARY

Cisplatin reacts with blood and plasma at 37°C with a half-life of about 2 h. The
effects of adding chloride and freezing of samples on the stability of cisplatin in plasma
samples have been studied. It was found that addition of up to 0.2 M chloride does not
noticeably decrease the rate of loss of cisplatin in biological fluids. However, rapid freez-
ing of the samples and storage at <—10°C results in good stability of cisplatin for limited
periods. The implications of these findings to sample handling in pharmacokinetic studies
are discussed.

INTRODUCTION

Cis-dichlorodiamine-plantinum(II) (cisplatin; Formula I) is an important coordination
complex used in the treatment of a variety of cancers (Einhorn and Williams, 1979;
Wittes et al., 1977; Briscoe et al., 1978). The chemistry of cisplatin in aqueous media has
been well studied (Reishus and Martin, 1961; Lee and Martin, 1976). In recent reports,
the stabilizing effect of added chloride ion on aqueous solutions containing cisplatin for
intravenous use has been demonstrated (Hincal et al., 1979; Greene et al., 1979). In the
light of those findings it might appear logical to expect that addition of chloride ion to
samples of cisplatin in blood, plasma or other biological media would prevent or at least
reduce the rate of degradation of the drug during the course of pharmacokinetic studies.
Recent work in this laboratory has shown that this is not the case.

The purpose of this work was to determine the effects of factors such as added chlo-
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ride ion concentration, temperature and time of storage on the levels of intact cisplatin
found in biological samples.
H3N, /Cl

Pt

HNT et

Formula I: cisplatin
MATERIALS AND METHODS

Unless otherwise stated all chemicals used were analytical grade reagents. Cisplatin was
obtained from the National Cancer Institute (Bethesda, Md.) as the bulk drug and was
used as supplied. Plasma ultrafiltratz was obtained by passing recovered human plasma
through Amicon CF25 ultrafiltration cones which retain essentially all species possessing
a molecular weight greater than 25,000.

Cisplatin was separated from plasma components and any degradation products by use
of a modification of the high pressure liquid chromatographic method previously
described (Chang et al., 1978). A Waters Associates Model 6000A Pump, model U6K
Universal Injector and Model 450 variable wavelength absorbance detector operated at
300 nm, were used. Separations were accomplished on a Whatman Partisil-10 SAX (strong
anion exchange) column. The mobile phase consisted of 20% (v/v) acetic acid/sodium
acetate buffer (pH 3.8, 0.1 M) and 80% methanol, with a flow-rate of 2 ml/min. Cisplatin
eluted with a retention volume of 6.6 ml. The injection volumes were S0 ul. Quantitation
of cisplatin was achieved either by peak height measurements (which were previously
shown (Hincal et al., 1979) to be linearly related to cisplatin concentration) or by atomic
absorption spectrophotometry (Change et al., 1978). Due to the rapid loss of cisplatin in
plasma and related fluids, replicate analyses were not attempted.

Kinetics of loss of cisplatin in various biological media were determined by dissolving
accurately weighed amounts of drug in the desired medium that had previously been
equilibrated at 37°C. The resulting solutions were maintained at 37°C by using a constant
temperature water bath. Aliquots of the solution were withdrawn as needed and immedi-
ately subjected to HPLC analysis.

The first-order rate constant for the aquation of cisplatin was determined from the
cisplatin remaining vs time data as described previously (Hincal et al., 1979). The appar-
ent first-order rate constant for loss of cisplatin in ultrafiltratc and plasma solutions were
obtained directly from the slopes of semi-logarithmic plots of intact cisplatin remaining
vs time.

A short time (10 h) low temperature stability study was conducted in a similar fashion
to the kinetic studies but the cisplatin solution was divided into 5 fractions after prepara-
tion and each fraction was placed in a separate polypropylene vial and immediately
frozen in a dry-ice—acetone bath. The frozen samples were subsequently stored in a
freezer (—10°C). At the indicated times, a sample was taken from the freezer and allowed
to thaw at room temperature and at 50-ul aliquot was used for HPLC analysis. Portions of
the sample remaining after injection of the aliquot into the HPLC were discarded.

A separate 72 h low temperature study was also carried out. Whole blood (100 ml) was
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spiked with an aqueous solution (250 ul) containing 1.6 mg of cisplatin and 5.8 mg of
sodium chloride per ml. This yielded a solution initially containing 4 ug of cisplatin per
ml of blood.

At various times, over a 2-h period, aliquots (15 ml) of the blood were removed and
centrifuged at ~750 Xg for 5 min. The plasma (~5 ml) was removed and ultrafiltered at
~500 X g for 15 min. A portion of the ultrafiltrate obtained was immediately analyzed
for cisplatin, using HPLC and atomic absorption spectrophotometry according to the
method of Chang et al. (1978). The remainder of the ultrafiltrate was divided into two
parts which wére flash-frozen and stored at —10°C. At 24 h a sample was thawed and
analyzed for cisplatin. The third sample was similarly treated at 72 h. The results are
shown in Table 3.

RESULTS

The data obtained from kinetic studies of the loss of cisplatia in various biological
media are presented in Table 1. Semi-log plots of cisplatin remaining as a function of time
in all of the biological media were linear for more than 4 half-lives indicating loss of cis-
platin occurred by apparent first-order processes. For comparative purposes, the first-
order rate constants for the loss of cisplatin through aquation in simple aqueous solutions
is included in Table 1. As reported previously (Hincal et al., 1979} the data for apparent
rate of loss of cisplatin in water was not simply a first-order process and required some
mathematical manipulation in order to obtain the first-order constant.

It is apparent from the data in Table 1 that the rate of loss of cisplatin in plasma ultra-
filtrate (with and without added sodium chloride) are characterized by similar values for
their half-lives. Furthermore, their apparent first-order rate corstants are essentially
identical to the value of the corresponding rate constant (k, in Eqn. 1) for the aquation
of cisplatin in water. Removal of the proteins from plasma (by ultrafiltration) results in
~30% enhancement in stability of cisplatin. Perhaps the most striking result in Table 1
is that the addition of 0.2 M sodium chloride to plasma ultrafiltrate had no effect on the
stability of cisplatin in that medium.

TABLE 1
KINETIC DATA FOR THE DISAPPEARANCE OF CISPLATIN IN VARIOUS MEDIA AT 37°C

Reaction media (Cisplatin)g Kobs Observed
M) Y halfdife (h)

Water 51x107? 0322 2.2b

Plasina ultrafiltrate ¢4 8.1-8.6 x 1074 0.32 2.2

Plasma ultrafiltrate © with 0.2 M added NaCl 8.2x107% 0.32 2.2

Plasma 8.3x10™ 0.46 1.5

2 This value (k, in Eqn. 1) pertains to the aquation reaction and was obtained by methods described
greviously (Hincal et al., 1979).
This value (see Eqn. 1) was calculated from the value of k, (Hincal et al., 1979).
€ 25,000 molecular weight exclusion limit.
d Replicate determinations in this concentration range resulted in the same observed half-life.
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TABLE 2

HEIGHTS OF HPLC PEAKS CORRESPONDING TO CISPLATIN INJECTION OF 50 ul ALIQUOTS
OF A SOLUTION OF CISPLATIN IN PLASMA ULTRAFILTRATE (25,000 MOLECULAR WEIGHT
CUTOFF) STORED AT —-10°C FOR VARIOUS TIMES. INITIAL CISPLATIN CONCENTRATION =
95X 107 M

Time (h) Peak height (cm) 2
0.07 20.0
2.18 19.1
4.87 184
7.45 18.7
10.60 18.8

2 The mean value and standard deviation for all of the values = 19.0 + 0.6.

Tables 2 and 3 present the results of two separate studies on the stability of cisplatin
in plasma ultrafiltrate which was frozen in a dry-ice—acetone bath and stored at —10°C
for various periods of time after which samples were thawed and analyzed for cisplatin,
Although there is some scatter in the values representing remaining cisplatin, there
appears to be no appreciable loss of cisplatin in either study which clearly indicates the
stabilization afforded by freezing and storage at the lower temperature. It should be
noted that the data in Table 3 represent cisplatin concentrations which approximate
those encountered clinically.

DISCUSSION

The loss of cisplatin in water is known (Reishus and Martin, 1961; Lee and Martin,
1976) to occur by nucleophilic displacement of chloride by water (aquation) to form cis-

TABLE 3

COMPARISON OF CISPLATIN REMAINING IN PLASMA ULTRAFILTRATE BEFORE AND
AFTER FLASH-FREEZING AND STORAGE AT —10°CFOR 24 AND 72h

Sample Cisplatin concentration (ug/m}) in samples after freezing 2
Oh 24h 72h

A 2.27 2.26 2.02

B 1.37 - 1.38

C 1.05 1.00 1.02

D 0.86 0.83 0.74

E 0.53 0.50 0.52

3 The 0 h samples were assayed immediately without freezing.
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dichloro-monoaquodiamine-platinum(II), (II, Eqn. 1).

[ ==— Pt +CI”
—H20,k; H;.,N) \al 8y

Formula 11

In accord with Eqn. 1, it has been clearly demonstrated (Hincal et al., 1979; Greene et
al., 1979) that in aqueous solutions, the overall apparent rate and extent of cisplatin dis-
appearance is dependent upon cisplatin concentration. In aqueous solutions initiaily con-
taining either 500 or 50 ug cisplatin/ml, it was found at 24 h that intact cisplatin remain-
ing was ~30% and ~20%, respectively. When sodium chloride was added (at 0.15 mol/1),
only about 2% of the cisplatin was lost over the 24-h period. This decrease in the extent
of loss of cisplatin produced by chloride ion may be understood by considering the
equilibrium shown in Eqn. 1 from which it is clear that the rate of the forward reaction
(involving k,) is unaffected by chloride ion. However, the reverse reaction (involving k_;)
exhibits a first-order dependence on the concentration of the chloride ion. Consequently,
according to the law of mass action, addition of chloride shifts the equilibrium to the left,
resulting in an increase in the fraction of intact cisplatin at equilibrium.

The data in Table 1 show that the rate constant for loss of cisplatin in aqueous media
(ky, Egn. 1) is identical to values of the observed first-order rate constants for the loss of
cisplatin in ultrafiltrate. However, unlike simple aqueous systems, addition of up to 0.2 M
chloride ion * (as sodium chloride) had no effect on the rate of loss of cisplatin in ultra-
filtrate (Table 1). Furthermore, the reaction of cisplatin in plasma ultrafiltrate results in
total loss of the drug via an apparently irreversible reaction as demonstrated previously
(Repta and Long, 1980).

Based on the data presently available, either of two pathways could account for the
observed rate of loss of cisplatin in ultrafiltrate and for the lack of chloride ion effect on
that rate. The first involves the reaction shown in Eqn. 1 as the rate-determining step in
the loss of cisplatin. The aquated form produced (II) subsequently reacts rapidly (relative
to the reaction shown in Eqn. 1) with strong nucleophiles (Nu) as shown in Eqn. 2.

NH, Cl
k. 3
1+Nu > :Pt: +H,0 @)

NH;,3 Nu

It can be shown (Repta and Long, 1980; Long, 1980) that if the reaction in Eqn. 2 is
much faster than the reaction in Eqn. 1, the presence of added chloride ion would have
insignificant effects on the observed rates.

A second mechanism involves direct attack of nucleophilic species on cisplatin as

* Use of higher chloride ion concentrations was attempted, but precipitate formation in the plasma
sample was observed in those cases.
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shown in Eqn. 3.

NH Cl
k 3 v
+Nu S :Pt\ +CI” 3

NHg' Nu
1T

According to either of the proposed kinetic schemes, there is a common product (III)
and no reversibility between III and I which would be directly chloride-dependent as in
the simple aquation reaction. Consequently, it is not surprising that the addition of chlo-
ride ion does not noticeably affect the rate of loss of cisplatin in biological media such as
plasma ultrafiltrate.

As can be seen from the data in Table I1, it is possible to substantially decrease the rate
of loss of cisplatin by employing low temperatures. When samples of ultrafiltrate-contain-
ing cisplatin (at initial concentrations of 285 ug/ml) were flash frozen and stored at
—10°C for a period of up to nearly 11 h, then thawed and analyzed for cisplatin by mea-
surement of HPLC peak heights (Hincal et al., 1979), no substantial differences or trends
in the height of the peaks corresponding to cisplatin were observed as a function of time
over the 10-h period. In fact all values were within the range of the mean £ two standard
deviations and represented a total range of values which varied by less than 10%.

The effects of flash-freezing and storage at —10°C of frozen samples containing low
levels of cisplatin in ultrafiltrate were examined in a separate study. The objectives of the
study were to determine whether or not the results in Table 2 also held for concentra-
tions of cisplatin similar to those which might be encountered in clinical use of the drug,
and tc determine if samples could be stored in frozen state for periods of up to 72 h.
In this study human blood at 37°C was spiked with cisplatin. At various times over a 2-h
period aliquots were removed. The plasma was separated and ultrafiltered, and the ultra-
filtrate was divided into 3 fractions. Fraction one was analyzed for cisplatin (Chang et al.,
1978) immediately while the remaining two fractions were flash-frozen and stored at
—10°C for either 24 or 72 h. At each time one of the fractions was thawed and analyzed.
As is obvious from Table 3, there is little if any change in cisplatin concentrations over
the 72-h period indicating that flash-freezing and storage of —10°C essentially avoids any
loss of cisplatin in the ultrafiltrate even at these low levels of drug.

As observed in Table 1, the rate of loss of cisplatin in plasma is greater than the rate of
loss from plasma ultrafiltrate. The mechanism for this loss is currently a topic of study in
these laboratories. While the exact mechanism is not known, the enhanced rate in plasma
may indicate that the loss of cisplatin occurs as a result of direct reaction of cisplatin with
nucleophilic sites on protein sites in addition to reaction with low molecular weight
nucleophiles present in the plasma ultrafiltrate. In the light of the enhanced rate of loss
of cisplatin in the presence of plasma proteins, ultrafiltration of plasma samples appears
to be desirable prior to storage and analysis.

Further studies aimed at a better understanding of the mechanisms of reaction of
cisplatin with components of human blood and the effect of temperature on the rate of
reaction of cisplatin in blood and plasma samples are continuing.
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CONCLUSIONS

As a result of these studies, it is apparent that the rate of cisplatin loss in blood or
plasma-derived media is not decreased by addition of as much as 0.2 M chloride. After
evaluating the results of this work, it is clear that plasma and plasma ultrafiltrate are very
reactive media for cisplatin and conclusions drawn from studies conducted in aqueous
media cannot be readily applied to biological media.

The data and results accumulated in this study suggest that appropriate sample han-
dling in biological studies of cisplatin disposition should at least include: (1) rapid cen-
trifugation of blood samples and removal of erythrocytes; (2) ultrafiltration of plasma to
remove proteins; and (3) immediate analysis or flash freezing and storage of the ultrafil-
trate at <—10°C (for up to 72 h) when immediate sample analysis is impractical or
undesirable. While this 3-step procedure may appear lengthy, a volume of ultrafiltrate suf-
ficient for HPLC analysis may be obtained within 10 min. The use of this protocol would
ensure that cisplatin remains intact for ptarmacokinetic studies in blood-derived samples
for up to 72 h and permits analysis of samples at a later more convenient time.

ACKNOWLEDGEMENT

Supported in part by Kansas University General Research Fund Grants 3303-X0-0038
and 3475-50-0038 and by Grant 5R01-CA-24834 from the National Institutes of Health.

REFERENCES

Briscoe, K.E., Pasmantier, M.W., Ohnuma, T. and Kennedy, B.J., cis-Dichlorodiasnmineplatinum(II)
and adriamycin treatment of advanced ovarian cancer. Cancer Treat. Rep., 62 (1979) 2027-2030.

Chang, Y., Sternson, L.A. and Repta, A.J., Development of a specific analytical method for cis-
dichlorodiammineplatinum(il) in plasma. Analyt. Lett., 11 (1978) 449-459.

Einhorn, L.H. and Williams, S.D., The role of cis-platinum in solid-tumor therapy. N. Engl. J. Med.,
300 (1979) 289-291.

Greene, R.F., Chatterji, D.C., Hiranaka, P.K. and Gallelli, J.F., Stability of cisplatin in aqueous solu-
tion. Am. J. Hosp. Pharm., 36 (1979) 38-43.

Hincal, A.A., Long, D.F. and Repta, A.J. Cis-Platin stability in aqueous parenteral vehicles. J. Parent.
Drug Assoc., 33 (1979) 107-116.

Lee, K.W. and Martin, D.C., cis-Dichlorodiammineplatinum(Il). Aquation equilibria and isotcpic
exchange of chloride ligands with the chloride and tetrachloroplatinate(iI). Inorg. Chim. Acta., 17
(1976) 105-110.

Long, D.F., Some aspects of the Chemistry of Cisplatin in Biological Media, Doctoral dissertation,
University of Kansas, 1980.

Reishus, J.W. and Martin, D.S. cis-Dichlorodiammineplatinum(Il) acid hydrolysis and isotopic
exchange of the chloride ligands. J. Am. Chem. Soc., 83 (1961) 2457-2462.

Repta, A.J. and Long, D.F., Reactions of cisplatin with human plasma and plasma fractions. In A.W.
Prestayko and S.T. Crooke, (Eds.), Cisplatin — Current Status and New Developments, Academic
Press, San Francisco, 1980, pp. 285-304.

Volshtein, L.M. and Mogilevkina, M.F., Monomethionine-platinum(II) chloroplatinates(II). Russ. J.
Inorg. Chem,, 10 (1965) 293294,

Volshtein, LM, and Luk'yanova, 1.G., Cyclic complexes of platinum(II) with histidine. Russ. J. Inorg.
Chem.,, 11 (1966) 708-711.

Wittes, R.E., Cvitkovic, E., Shah, J., Gerold, F.P. and Stong, E.W., cis-Dichlorodiammineplatinum(II)
in the treatment of epidermoid carcinoma of the head and neck. Cancer Treat. Rep., 61 (1977)
359-366.



