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Polarographic activity of the antitumor drug cis-dichlorodiammineplatinum (II). The effect of 
hydrolysis and trans-isomerization of the drug 1 

O. Vr',ina, V. Kleinw/ichter and V. Brabec 2 

Institute of Biophysics, Czechoslovak Academy of Sciences, 61265 Brno (Czechoslovakia), 2 May 1983 

Summary. Electrochemical activities of cis-dichlorodiammineplatinum(I1) (cis-DDP) and its trans isomer were 
studied by classical and differential pulse polarography (d.p.p.). It was shown that both isomers yielded a po- 
larographic step or peak at about - 1.6 V (vs. Ag/AgC1), which corresponded to electroreduction of the complex 
and to catalytic hydrogen evolution. This signal was easily measurable with the aid of d.p.p, and was suitable for 
investigation of the extent of hydrolysis and trans-isomerization of cis-DDP leading to the formation of toxic 
products. The detection limit for determination of cis-DDP and its trans isomer by d.p.p, was 1 x 10 6 mol/1. 

Introduction Material and methods 

Cis-dichlorodiammineplatinum(II) (cis-DDP) is a 
cytostatically active compound which is now widely 
used in combination therapy of different types of tu- 
mors 6'12'~5. However, the treatment is often accompanied 
by toxic effects, some of which could be ascribed to the 
action of platinum derivatives occurring in the drug 
sample as a consequence of improper handling or stor- 
age. It has been shown, for instance, that hydrolyzed 
cis-DDP is extremely toxic in v ivo  L7, e v e n  though it can 
be rapidly converted into the parent compound at the 
relatively high chloride ion concentration of the extra- 
cellular medium. Another process which could nega- 
tively affect the antitumor activity of the cis isomer is 
ultraviolet radiation-induced transformation into its 
trans-form (trans-DDP) 13, which is more toxic and 
cytostatically inactive ~. 
Hydrolysis of cis-DDP as a function of chloride ion 
concentration, pH and temperature was studied by 
several authors 7'9'~~ and the resulting products were 
identified. In a connection with investigation of the use 
of polarographic methods for the determination of pla- 
tinum in biological materials 4'2~, we tested the po- 
larographic behavior of cis-DDP and found suitable 
conditions for simple, rapid and precise determination 
of the fractions of intact and hydrolyzed cis-DDP in 
solution and for the detection of trans-DDP in samples 
of cis-DDP. 

Cis-DDP was obtained from Research Institute of Pure 
Chemicals, Lachema (Brno, Czechoslovakia). Trans- 
DDP was a generous gift of Professor B. Rosenberg. 
All cis-DDP and trans-DDP solutions analyzed in this 
work were prepared at low illumination intensity and 
stored in darkness at 28 • 1 ~ They were used only 
after 6-day equilibration unless otherwise stated. 
The diaquodiammineplatinum(II) (cis-[Pt(NHg)2(H20)2] 
(NO3)2) , w a s  prepared by the addition of 1 equivalent of 
silver nitrate to cis-DDP. After standing overnight in 
the dark at 28~ the silver chloride formed was 
removed by filtration. Human albumin was obtained 
from Imuna (Sari~sk~ Michalany, Czechoslovakia). 
Polarographic measurements were performed with an 
EG&G PARC Polarographic Analyzer, Model 174A. A 
3-electrode system was used, comprising an EG&G 
PARC Static Mercury Drop Electrode (SMDE) Model 
303 (medium drop size), a spectrosopic graphite counter 
electrode and a silver/silver chloride (saturated KC1) 
reference electrode. All polarograms were recorded at 
25~ at a voltage scan rate of 0.002 V s-l; drop time 
control of the Model 174A Polarographic Analyzer was 
set at 1.0 sec. Differential pulse polarographic (d.p.p.) 
curves were obtained with a pulse amplitude o f - 2 5  
mV. The test solutions were always deoxygenated by 
purging with argon for about 6 min; an argon atmo- 
sphere was maintained in the cell throughout data 
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acquisition. Compounds  analyzed by polarography had 
to be dissolved in a medium with an ionic strength of  at 
least 0.01 to attain sufficient conductivity of  the tested 
solution. Therefore, sodium perchlorate was added to 
the sample to give an ionic strength of  0.01 immediately 
before initiating polarographic experiments with a plati- 
num complex dissolved and equilibrated in distilled 
water. All polarographic measurements described below 
were carried out in sodium chloride or sodium per- 
chlorate solutions, the pH of which was in the range 
5.5 5.7. Spectra were measured at 25~ with a Beck- 
man DU-8 recording spectrophotometer equipped with 
a thermostat-controlled cuvette holder. 

Results 

Polarography of cis-dichlorodiammineplatinum(H) and 
its hydrolyzed jorms. With the aim of  developing a 
method for the determination of  intact cis-DDP, the 
polarographic behavior of  this platinum complex was 
investigated in various media. Cis-DDP dissolved in 1.0 
tool/1 sodium chloride yielded on direct current (d.c.) 
polarograms a step with a halfstep potential (E~.2) 
around 0.2 V (step P) (fig. 1). A maximum was super- 
imposed on this step 5. At potentials more negative than 
that of  zero charge (p.z.c.) (around -0 .5  V) the po- 
larographie current decreased almost to that of  the 
background electrolyte. Only at potentials around 1.5 
V did the second step (step N) appear on d.c. po- 
larograms, the height of  which was directly propor- 
tional to the concentration of  cis-DDP. At concentra- 
tions higher than 5 • 10 4 mol/1 the step N was peak- 
shaped (fig. 1). The measurability of  the current respon- 
sible for the origin of  the step N was significantly im- 
proved if d.p.p, was applied (fig. 1). D.p.p. peak around 

1 AI 
d'A/Vkj 

0 0:4 -0.8 1.2 -1.6 
Potentiai(V vs Ag/AgCI) 

Figure I. Polarograms of cis-DDP m 1.0 mo]/l sodium chloride (curves 
1 3) and in 0.01 mol/l sodium perchlorate (curve 4). D.c. polarography: 
curve 1, 1 • 10 4 tool/1 cis-DDP; curve 2, 1 • 10 3 mol/l cis-DDP (this 
curve was recorded at 10 x lower sensitivity of the polarographic ana- 
lyzer than indicated); Differential pulse polarography: curves 3 and 4, 
5 x 10 .5 mol/I cis-DDP; ( ) background electrolyte curve 
for curve 1. The value x was taken to represent the height of d.p.p, peak 
N. 

- 1.5 V (peak N) increased linearly with growing con- 
centration of  cis-DDP in the concentration range 
1 x 1 0  6 1 x 10 .3 mol/1 (the correlation coefficient 
was higher than 0.99). The potential of  peak N was 
shifted with increasing cis-DDP concentration to more 
negative values. For  instance a cis-DDP concentration 
increase from 1 x 10 5 mol/1 to 5 x 10 4 mol/1 shifted 
the peak by 30 mV. The peak N was increased if hy- 
drochloric acid was added to the solution of  1 x 10 5 
mol/l cis-DDP in 1.0 mol/1 sodium chloride. The pres- 
ence of  the acid at a concentration of  1 x 10 4 mol/1 led 
to roughly a doubling of  the peak N; the potential of  
this peak was simultaneously shifted by 60 mV to more 
positive values. Moreover, the height o f  the d.p.p, peak 
N of  cis-DDP was seriously affected by addition of  al- 
bumin. This protein, at a concentration of  0.01%, ap- 
proximately doubled the height of  peak N yielded by 
5 x 10 5 mol/1 cis-DDP in 0.1 tool/1 sodium chloride. 
On the other hand addition of  albumin to this solution 
of  cis-DDP decreased the maximum superimposed on 
d.c. polarographic step P. D.p.p. behavior of  cis-DDP 
was dependent on the concentration of  chloride ions in 
the medium (fig. 2). The potential of  peak N was shifted 
to more positive values with increasing concentration of  
sodium chloride. The peak N was lowered with decreas- 
ing concentration of  sodium chloride at the salt concen- 
trations lower than 0.1 mol/1. At higher concentrations 
of  sodium chloride the height of  peak N was indepen- 
dent of  the salt concentration. A solution of  5 x l0 5 
mol/1 cis-DDP in 0.01 0.1 mol/1 sodium perchlorate 
yielded no d.p.p, peak in the potential range from 0.0 to 

1.7 V. Similarly no d.p.p, peak was yielded by cis- 
[ P t ( N H ~ ) 2 ( H 2 0 ) 2 ]  2. in the perchlorate media. If, how- 
ever, cis-DDP was measured in these media at a con- 
centration higher than 1 x 10 4 mol/1, d.p.p, peaks 
around -0 .2  V and -1 .5  V were observed (table 1). 
D.p.p. curves were also recorded for 2.5 x 10 3 mol/1 
cis-DDP dissolved in distilled water on the one hand 
and in 1.0 mol/1 potassium chloride on the other. Both 
samples were incubated 6 days in the dark at 25 ~ and 
immediately before the d.p.p, analysis the solution of  
1.0 mol/l sodium perchlorate was added up to a concen- 
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Figure 2. Dependence of the heighl ( 0 )  and potential (A)  of d.p.p. 
peak N yielded by 5 x 10 5 mol/1 cis-DDP on sodium chloride concen- 
tration. 
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Table 1. Comparison of polarographic and spectrophotometrical data 
obtained for solutions of 7.40 x 10 -4 tool/1 cis-DDP equilibrated in me- 
dia containing various concentrations of sodium chloride 

NaC1 h(gA) a A300 b % Intact drug 
Concen- Polarographic Absorbance 
tration measurements c measurements d 

0 2.66 e 0.0632 26 30 
0.005 5.74 e 0.0772 56 59 
0.01 6.97 0.0839 68 73 
0.05 9.02 0.0889 88 83 
0.1 10.15 0.0942 99 94 
0.5 10.25 0.0972 100 100 
1.0 10.25 0.0972 100 100 

a The height of d.p.p, peak at -1.5 V; b Absorbance at 300 nm; c The 
percentage of intact cis-DDP was calculated using equation (1) of this 
paper (see Results); d The percentage of intact cis-DDP was calculated 
using equation (1) of the paper of Greene et al.7; e The solution of 
1.0 M sodium perchlorate was added to the solution of cis-DDP imme- 
diately before DDP measurement so that the resulting concentration of 
the perchlorate was 0.01 tool/1. The values of h were corrected for the 
change in cis-DDP concentration induced by this addition. 

tration of 0.01 mol/1. The d.p.p, peak N of the sample 
of cis-DDP in 1.0 mol/1 potassium chloride was roughly 
3 times higher than that of cis-DDP incubated in dis- 
tilled water. 
As mentioned in the preceding paragraph, the solutions 
of 5 x 10 -5 mol/1 cis-DDP and cis-[Pt(NH3)2 (H20)2] 2+ in 
0.01-0.1 mol/1 sodium perchlorate yielded no d.p.p. 
peak at potentials ranging from 0.1 V to - 1.7 V. Only 
at potentials of about -1.8 V did the solutions of cis- 
DDP and its diaquo-form (prepared by the addition of 
silver nitrate) in 0.01 mol/1 sodium perchlorate yield a 
new d.p.p, peak (fig. 1). It was, however, interesting that 
solutions of cis-DDP or cis-[Pt(NH3)2(H20)2] 2+ incu- 
bated in distilled water to which sodium perchlorate 
was added immediately before the d.p.p, measurement 
were d.p.p, inactive. These solutions yielded a peak at 
- 1.8 V only after incubation in the presence of sodium 
perchl0rate for at least 1 day (in the dark at 28 ~ I f  
sodium chloride was added to the solution of 1 x 10 -5 
tool/1 cis-DDP in 0.01 mol/1 sodium perchlorate in such 
a way that the concentration of chloride ions was 0.3 
mol/1, the d.p.p, peak N appeared again (around the 
potential o f - 1 . 5  V). This peak increased with the time 
of incubation at 28~ while its potential was not 
changed. After 4 h the peak reached its maximum 
height, which did not change in the course of further 
incubation (fig. 3). The height and potential of the peak 
N corresponding to the limiting part of the time 
dependence were identical to the parameters of peak N 
yielded by cis-DDP dissolved in the same concentration 
directly in 0.3 mol/1 sodium chloride. A similar result 
was obtained if cis-DDP was incubated in a medium 
containing chloride ions at a concentration of 1.0 tool/1. 
The d.p.p, peak N increased more rapidly, however, 
and it reached its maximum height after only 2 h 
(table 2). 
The equilibrium between cis-DDP and products of its 
hydrolysis was also investigated by means of absorption 
spectrophotometry. The absorption spectrum of cis- 
DDP dissolved in distilled water or in 0.01 mol/1 so- 
dium perchlorate exhibited a maximum at 268 nm 
(fig. 4), characteristic of fully hydrolyzed cis-DDP 7. Af- 
ter 1-week incubation in the presence of increasing con- 
centrations of sodium chloride, this maximum gradually 
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Figure 3. Time dependence of changes induced by addition of chloride 
ions in height of d.p.p, peak N for a hydrolyzed cis-DDP solution. The 
initial solution was prepared by dissolving cis-DDP at a concentration 
of 1.08 x 10 -4 mol/l (0 )  and 1.08 x 10 -5 mol/l (D) in 0,01 mol/1 so- 
dium perchlorate. After aging the solution (see Material and methods) 
chloride ion concentration was increased to 0.3 tool/1 by the addition of 
4.0 tool/1 sodium chloride so that the concentration of platinum in the 
samples subjected to d,p.p, measurement was 1.0 x 10 4 tool/1 (0 )  and 
1.0 x 10 5 mol/l (l~). The peak height of 100% corresponded to 1.38 
laA for 1 x 10 4 mol/l cis-DDP and to 0,14 gA for 1 x 10 5 tool/1 cis- 
DDP. 

decreased, and a new maximum at 300 nm appeared. 
The set of absorption spectra exhibited isosbestic points 
at 273, 324 and 360 nm. At sodium chloride concentra- 
tions higher than 0.1 mol/1 the spectrum already re- 
mained constant, the position of the near-ultraviolet 
maximum (300 nm) and its molar extinction coefficient 
(130 1 mol 1 cm-~) being characteristic of intact cis- 
DDP. Similar spectral changes were observed in a ki- 
netic experiment when sodium chloride was added at a 
concentration of 4.0 mol/1 to cis-DDP dissolved in 0.01 
mol/l sodium perchlorate, to obtain a concentration of 
chloride ions of 1.0 mol/1. After 60 min the maximum at 
268 nm practically disappeared and the peak at 300 nm 
reached a maximum value which, similarly to the height 
of the d.p.p, peak, did not change with further incuba- 
tion (table 2). 
Polarography of trans-dichlorodiammineplatinum(II). 
Similarly to cis-DDP, in the medium of 1.0 M sodium 

Table 2. Changes induced in polarographic and spectrophotometrical 
behavior of a hydrotyzed cis-DDP solution by addition of chloride ions, 
plotted against time a 

Time h (hA) b A300 b % Intact drug b 
(rain) Polarographic Absorbance 

measurement measurement 

0 2.29 0.0537 26 29 
3 0.0783 87 
6 7.83 0.0797 89 91 

10 8.00 0.0803 91 92 
17 8.27 0.0820 94 96 
32 8.44 0.0827 96 98 
90 8.70 99 

120 8.80 0.0833 100 100 
240 8.80 0.0833 100 100 

a The initial solution was prepared by dissolving cis-DDP at a concen- 
tration of 8.53 x i0 -4 mol/1 in 0.01 mol/1 sodium perchlorate. After 
aging the solution (see Material and methods) chloride ion concentra- 
tion was increased to 1.0 mol/l by the addition of 4.0 mol/1 sodium 
chloride so that the concentration of elementary platinum in the sample 
subjected to polarographic and absorbance measurements was 
6.4 x 10 4 b tool/l; The meaning of symbols and the calculation of % 
intact drug are the same as in table l, 
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Figure 4. Absorption spectra of 7.48 x 10 4 mol/l cis-DDP equilibrated 
in media containing wtrious concentrations of sodium chloride: 
I, 0 tool/l; 2, 0.01 mol/l; 3, 0.05 tool/l; 4, 0.1 mol/1; 5, 0.3 tool/I; 
6, 0.5 1.0 mol/l. 

chloride t rans-DDP yielded a step with E .2 in the vicin- 
ity o f - 0 . 2  V (step P) on d.c. sampled polarograms 
(fig. 5a). At t rans-DDP concentrations higher than 
5 x l0 s mol/l a maximum peaking at about  0.3 V was 
superimposed on the step P. Contrary to the behavior 
of  cis-DDP, the polarographic current yielded by trans- 
DDP at potentials more negative than p.z.c, was con- 
siderably higher than that yielded by the background 
electrolyte. At potentials of  about  - 1 . 6  V trans-DDP 
dissolved in 1.0 mol/1 sodium chloride gave a second 
step (step N) on d.c. polarograms, similarly to cis-DDP. 
However, in contrast to cis-DDP, the trans isomer 
yielded 2 d.c. polarographic steps even in the medium 
of sodium perchlorate (fig. 5b). The more positive step P 
had E 2 at about -0 .03 V in a medium of 0.01 mol/l 
sodium perchlorate and no superimposed maximum ap- 
peared even at t rans-DDP concentrations higher than 
1 x 10 ̀ 4 mol/1. El, 2 of the step N was about 30 mV more 
negative than El,. 2 of  t rans-DDP in 1.0 mol/1 sodium 
chloride (fig. 5b). Similarly to cis-DDP behavior, the 
polarographic current corresponding to the step N in- 
creased after the addition of  hydrochloric acid and was 
considerably more easily measurable by means of  d.p.p. 
(fig. 5). 
D.p.p. peak of  t rans-DDP was directly proportional to 
its concentration in both media, sodium chloride and 
sodium perchlorate. The lower limit of  analytical utility 
of  d.p.p, for the determination of  t rans-DDP is approx- 
imately 1 x 10 -~ mol/1. The addition of  albumin to a 
solution of  t rans-DDP led to an increase o f  the peak N 
in the same way as in the case of cis-DDP. Similarly, 

the addition of  the protein decreased the maximum on 
the step P yielded by t rans-DDP in media containing 
chloride ions. The reproducibility of  polarographic 
measurements of  solutions o f  cis-DDP and t rans-DDP 
deteriorated if these solutions were in contact with mer- 
cury for a longer time. It was therefore necessary to 
keep this contact as short as possible. For  instance, if a 
normal dropping mercury electrode (DME) (not 
SMDE) is used, it is recommended to deoxygenate the 
solution in a separate vessel with a subsequent short 
deoxygenation in the polarographic cell in the presence 
of  DME.  Similarly, if the polarographic record has to 
be repeated, this should be done with a new identical 
solution of  the platinum compound.  Other details of  
our polarographic measurements have been published 
elsewhere 4'2~. It follows from the above polarographic 
properties of  the 2 platinum complexes that it is possi- 
ble to find conditions under which the d.p.p, behavior 
of  cis-DDP and t rans-DDP is quite different: in the me- 
dium of  0.01 mol/l sodium perchlorate 5 x 10 -s mol/1 
cis-DDP is d.p.p.-inactive, whereas t rans-DDP yields a 
distinct peak N (fig. 5b). This fact offers an opportunity 
of  determining the content of  the trans isomer in prepa- 
rations of  cis-DDP. We recorded d.p.p, curves of  solu- 
tions containing 5 x 10 5 mol/1 cis-DDP and 0.05 
1 x 10 5 mol/1 t rans-DDP in 0.0t mol/1 sodium per- 
chlorate (the solutions were incubated in darkness at 
28 ~ for 6 days). The solutions which contained trans- 
DDP in concentrations higher than 2.5 x 10 -~ tool/1 
yielded a peak in the vicinity of :  1.54 V: the height of  
this peak was directly proportional to t rans-DDP con- 
centration in the analyzed solutions. 

Assay methodsJbr cis-DDP stability. On the basis of  our 
results described above 2 methods for the assay of  cis- 
DDP stability based on the polarographic activity of  
this drug are proposed: 
1. Decomposition of cis-DDP involving displacement of 
the chloride ligands. The method can be used for analy- 
sis of  solutions of  cis-DDP in distilled water or for 
aqueous solutions of  cis-DDP containing chloride or 
perchlorate ions (or both) at a concentration of at least 
10 2 mol/l. If solutions of  cis-DDP in distilled water are 
to be analyzed, sodium perchlorate must be added, as 
mentioned above. The standard sample is prepared by 
dissolving solid cis-DDP in 1.0 tool/1 sodium chloride. 
The concentration of  cis-DDP in the standard sample is 
adjusted in such a way that the concentration of  ele- 
mentary platinum is identical to that of  the sample to 
be analyzed. The solution is then incubated in the dark 
for at least 24 h. D.p.p. curves (initial potential 1.00 
V, voltage scan direction negative) are recorded for the 
standard and unknown samples, The content of  intact 
cis-DDP in percent (Y) is calculated from the equation 

Y(%) = 100 h, 
hi60 

were h~ is the height of  d.p.p, peak at 1.4 to - 1 . 6  V 
recorded for the unknown sample and hi00 is the height 
of  the same peak recorded for the standard sample. 
2. Trans-isomerization o/'cis-DDP. The method can be 
used for determination of  the trans isomer in solutions 
of  cis-DDP in distilled water or in 0.01 tool/1 sodium 
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Figure 5. Polarograms of trans-DDP in 1.0 mol/1 sodium chloride (a) 
and 0.01 rnol/l sodium perchlorate (b). Curves l) d.c. polarograms of 
i x 10 4 mol/I trans-DDP, curves 2) d.p.p, curves of  5_0 x I0 s tool/1 
trans-DDP, ( . . . . .  ) d.c. polarographic background electrolyte 
curves. 

perchlorate. I f  solutions of cis-DDP in distilled water 
are to be analyzed sodium perchlorate must be added as 
specified above. The concentration of a cis-DDP sample 
to be analyzed for trans-DDP content is adjusted to a 
value corresponding to 5 x 10 -5 mol/1 of elementary 
platinum. The d.p.p, curve is recorded for this sample 
under the same conditions as in the case of the preced- 
ing method. I f  a peak appears on the d.p.p, curve 
around - 1.6 V, the content of trans-DDP is determined 
by the standard addition method. A solution of 1 x 10 -~ 
mol/l trans-DDP in 0.01 mol/1 sodium perchlorate can 
be used as the standard. Before use the standard solu- 
tion has to be equilibrated at least 1 day in the dark at 
28 ~ 

Discussion 

The more positive polarographic step P yielded by the 
nonhydrolyzed cis-DDP (fig. 1) corresponds to the elec- 
troreduction of this complex 5,19,2~ A decrease in the 
limiting polarographic current observed at potentials 
more negative than about -0 .5  V is connected with the 
fact that cis-DDP has a dipole moment "'~9'2~ It has 
been suggested that a change in the electrode charge 
induces a change in the orientation of adsorbed mole- 
cules of cis-DDP, which is unfavorable for the electron 
transfer ",2~ However, at potentials more negative than 
about -1.3 V the planar structure of the complex be- 
comes distorted and a direct transfer of electrons from 
the electrode to the platinum central atom occurs again. 
The more negative step N analytically exploited in this 
study might thus correspond to the renewed reduction 
of cis-DDP. 
However, in a contrast to the step P the step N in- 
creases with increasing concentration of hydrogen ions 
in the medium. Thus in a medium containing 5 x 10 -4 

mol/1 hydrochloric acid it is several times higher than 
the reduction step P. Moreover the step N is also 
yielded by the trans isomer (fig. 5), which has no dipole 
moment 11'2~ and on whose polarograms no decrease of 
the limiting current at potentials more negative than 
- 0 . 5  V 5'19 (fig. 5) was therefore observed. Thus, for 

trans-DDP one cannot expect any renewal of its reduc- 
tion. It does not therefore seem probable that the ap- 
pearance of the step N of cis-DDP (fig. 1) is connected 
only with the electroreduction of the complex. 

The dependence of the magnitude of the polarographic 
current corresponding to the step N on hydrogen ion 
concentration, the fact that the step N may have the 
shape of a maximum, and the effect of albumin addi- 
tion on this step 3 make it conceivable that the po- 
larographic activity of both cis-DDP and trans-DDP in 
the vicinity o f - 1 . 5  V (fig. 1) reflects catalytic evolution 
of hydrogen. This conclusion is also in accord with re- 
sults of coulometric measurements performed on a large 
mercury pool electrode with solutions of cis-DDP and 
trans-DDP 2~ which showed that catalytic hydrogen 
evolution starts at potentials even more negative than 
about -1.3 V. We propose that at the potentials corre- 
sponding to the step N both cis-DDP and trans-DDP 
are reduced to a lower oxidation state with formation 
of catalytically active centers at the surface of the mer- 
cury electrode containing platinum atoms. Since the hy- 
drogen overvoltage on platinum is much smaller than 
on mercury, hydrogen evolution is easier at the plati- 
num centers formed than at the mercury surface. A 
similar mechanism has been proposed for the explana- 
tion of the formation of catalytic steps of some other 
platinum complexes 3'9'18. Considering the fact that at 
potentials more negative than W1.3 V the reduction of 
cis-DDP is renewed, it is possible to suppose that, be- 
sides the catalytic current, the reduction current also 
participates in the appearance of the step (peak) N. 

A comparison of the results of polarographic and spec- 
trophotometric measurements with samples of cis-DDP 
incubated in different media (tables 1 and 2) indicates 
that electrochemical reduction of nonhydrolyzed intact 
cis-DDP is responsible for the appearance of the po- 
larographic step N (or the d.p.p, peak N). This conclu- 
sion is in accord with the fact that totally hydrolyzed 
cis-DDP, i.e. samples with concentrations lower than 
5 x 10 5 mol/1 incubated either in distilled water or in 
sodium perchlorate, does not yield the d.p.p, peak 
N.Moreover, a sample of 2.5 • 10 .3 mol/l cis-DDP dis- 
solved in distilled water, which, according to the results 
of Reishus and Martin 14 contains only 33.2% of intact 
cis-DDP, 12.4% of the totally hydrolyzed complex and 
54.4% of the monochloro-form yielded a d.p.p, peak N 
approximately 3 times lower than cis-DDP at the same 
concentration, but dissolved in 1.0 mol/l potassium 
chloride; it can be assumed that in the latter sample 
practically all cis-DDP was intact. The latter result thus 
yields a proof that neither totally hydrolyzed cis-DDP 
nor its monochloroform give the polarographic step or 
d.p.p, peak N in the vicinity ofWl.54 V. The method 
for determination of the extent of cis-DDP hydrolysis 
proposed in this communication (see Results) is based 
on the fact that the peak N is yielded only by the intact 
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complex. The advantage of the described method 
lies mainly in its usability for analysis of  samples con- 
taining cis-DDP in a relatively low concentration 
(1 x 10 5 tool/ l)  and in the fact that, in addition to ki- 
netic measurements, it can be easily used for the deter- 
ruination of fractions of intact cis-DDP and its hydroly- 
tic products under equilibrium conditions in different 
types of  biological experiments. 
We have also found difl'erent d.p.p, behavior of  cis- 
DDP dissolved in distilled water and in 0.01 mol/1 so- 
dium perchlorate. This result indicates that the ex- 
change of chloride ligands leads to different products in 
these 2 media. The trans isomer yields a polarographic 
signal in the vicinity of  W1.6 V independently of  the 
content of  chloride ions in the medium (fig. 5). This 
property prevents the exploitation of polarography for 
determination of  the extent of  hydrolysis of  this plati- 
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num complex. On the other hand, the different behavior 
o f  cis-DDP and trans-DDP in 0.01 mol/1 sodium per- 
chlorate made it possible to propose a d.p.p, method 
for determination of the extent of  trans-isomerization in 
samples of  cis-DDP (see Results). Considering the limit 
of  analytical usability of  d.p.p, for determination of 
trans-DDP in the presence of cis-DDP, which is 
1 x 10 6 mol/1, the method described can be used only 
when the content of  trans isomer in samples of  cis-DDP 
exceeds 5 %. 
It can be concluded that polarography mainly offers the 
possibility of  relatively very sensitive and rapid deter- 
mination of  the extent of  hydrolysis of  the antitumor 
drug cis-DDP. Since this information is of  a great im- 
portance from the point of  view of the biological effect 
of  cis-DDP "~, the use of  polarography in this sphere of 
biological research can be expected in the future. 
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