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OPTIMIZATION OF A HPLC PROCEDURE FOR SIMULTANEOUS DETERMINATION OF CISPLATIN AND THE
COMPLEX CIS,CIS, TRANS-DIAMMINEDICHLORODIHYDROXOPLATINUMIYV) IN AQUEOUS SOLUTIONS
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A RP-HPLC procedure for the simultaneous determination of cisplatin and the complex cis,cis, trans-diamminedichlorodihydroxo-

platinum(IV), was development. The developed procedure was validated in terms of linearity, accuracy, precision, limits of detection
(LOD), limits of quantification (LOQ) and specificity. The limits of detection (LOD) were 0.47 x 10* and 0.53 x 10*mol L"! and the
limits of quantification (LOQ) were 1.57 x 10#and 1.75 x 10*mol L, for cisplatin and cis, cis, trans-diamminedichlorodihydroxopla-
tinum(IV), respectively. The average recoveries of cisplatin and cis, cis, trans-diamminedichlorodihydroxoplatinum(I'V) was 100.6%
+ 1.4 and 101.2% = 1.1, respectively. Intermediate (inter-day) precision, repeatability and specificity of the procedure for hydrolysis

products of cisplatin were studied. The results of the study showed that the proposed RP-HPLC procedure is simple, rapid, precise,

accurate and specific.
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INTRODUCTION

Cisplatin, cis-diamminedichloroplatinum(II) is an inorganic coor-
dination compound, commonly used in the treatment of different solid
tumors. However, it is also highly toxic and probable carcinogenic
in humans.' The presence of cisplatin in waters and wastewaters has
been reported. The excretion via faeces and urine of patients under
medical treatment and disposal of unused pharmaceuticals,** effluents
from hospitals>®and wastewaters generated during the pharmaceutical
manufacturing process,’ represent the major contamination sources
for this cytostatic.

In many cases, cisplatin is discharged into receiving waters due
to their incomplete removal in sewage treatment plants (STPs).>"8
Therefore, more effective technologies such as ozonation should be
employed. The ozonation of cisplatin at pH 9 in non-buffered aqueous
solutions was recently reported by Herndndez et al..!° In this study,
a rapid elimination of cisplatin (99.3% conversion in about 2 min of
reaction time) with the corresponding formation of non-mutagenic
complex cis, cis, trans-diamminedichlorodihydroxoplatinum(IV),
were obtained (Figure 1).
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Figure 1. Chemical structures of the complexes cisplatin (1) and cis,cis,trans-
diamminedichlorodihydroxoplatinum(IV)
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For the simultaneous determination of both complexes a rever-
sed-phase HPLC on an RP18 LiChroCART (250 x 4 mm ID, 5 um
particle size) column was employed. In this case the composition of
the mobile phase was similar to the one reported by El-Khateeb et
al." for the study of cisplatin and its hydrolysis products, except that
“triflic acid” was substituted by methanesulphonic acid, and sodium
dodecyl sulphate (SDS) concentration was one tenth of the one used
by those authors. Under these chromatographic conditions cisplatin
eluted at 2.1 min but the complex cis, cis, trans-diamminedichlorodi-
hydroxoplatinum(IV) had a very long retention time (16.5 min) and
appeared as a broad peak. Another disadvantage of the method is that
with more rapid throughput of samples, there was some variation in
the retention time for the complex cis, cis, trans-diamminedichlorod
ihydroxoplatinum(IV) and its elution in term of retention time was
not reproducible. A similar shift effect was previously reported by
El-Khateeb et al.!! for some hydrolysis products of cisplatin.

So, the objective of the present work was to develop and validate
a reversed-phase HPLC procedure with ultraviolet detection for the
simultaneous determination of cisplatin and the complex cis, cis, trans-
diamminedichlorodihydroxoplatinum(IV), in aqueous solutions.

EXPERIMENTAL
Chemical reagents and solutions

High-quality products from recognized companies were em-
ployed. Unless otherwise specified, they were used without further
purification. Cisplatin and sodium chloride (NaCl) were purchased
from Aldrich (99.99%) and hydrogen peroxide (H,0,) 30% v/v
from BDH. Methanesulphonic acid from Fluka (Sigma-Aldrich, St.
Louis, MO, USA) was used. Methanol for liquid chromatography
was supplied by Merck. Water employed in all experiments was ob-
tained from distilled water, which was ozonized and distilled again
immediately before use.
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Standard cis, cis, trans-diamminedichlorodihydroxoplatinum(I'V)
was synthesized according to the published procedure.'? Typically,
100 mg cisplatin in 2 mL of H,0,30% v/v was heated on a water
bath and maintained at 80 °C for 150 min. As the oxidation proce-
eded, cisplatin dissolved and the yellow solution slowly turned to
lemon yellow color. Then, the mixture was allowed to cool to room
temperature. Yellow precipitate formed was filtered off, washed with
ethanol and dried over P,O,,under vacuum.

Cisplatin and cis,cis,trans-diamminedichlorodihydroxo-
platinum(IV) were prepared as stock solutions of 2.5 x 10 mol L™!
in 0.9% NaCl and water, respectively. Standards solutions of lower
concentration of both complexes (range, 0.5 to 1.5 x 10 mol L'') were
prepared by diluting stock solutions, in the same solvents.

Identity and purity of the synthesized cis,cis,frans-diamminedi
chlorodihydroxoplatinum(IV)

The identity and purity of the synthesized complex was confirmed by
infrared spectroscopy and mass spectrometry. Mass spectrum, in the
m/z range from 50 to 500 Dalton (Da), was taken in a mass spectro-
meter with an electrospray ionization (Q-TOF-2 Micromass, UK),
operating in the positive ion mode. Capillary and cone voltages were
1200 and 35 V, respectively. The cone temperature was 353 K. To
acquire the ESI-MS/MS mass spectrum, the first quadrupole was used
to select the precursor ion within about 2 Da. Argon was employed
in the collision chamber at approximately 3 x 102 Pa and collision
energies between 17 and 35 eV were set to fragment precursor ions.
Data acquisition and processing were performed by Mass Lynx
software version 3.5 (Micromass, Milford, MA, USA). The infrared
spectrum was recorded in the 4000-400 cm™ spectral region by a
Jasco FT/IR-460 Plus spectrophotometer (Jasco Instrument. Corp.,
Japan), using the KBr technique.

Ozonation system

Ozonation of non-buffered cisplatin solution 1 x 10 mol L' at
pH 9 was performed in a laboratory experimental installation, sche-
matically shown in Figure 2. It consisted of a 100 mL jacketed glass
reactor (semibatch) equipped with a porous glass diffuser, a sample
port, a gas inlet and a gas outlet. The reactor off-gas was catalytically
destroyed. The reactor was coupled to a thermostat which controlled
the temperature at 30 0.1 °C. The oxygen-ozone mixture was obtained
from an ozonator (model AQOZO, Clozono, Cuba). Inlet ozone gas
concentration, determined at 256 nm in a spectrophotometer (Ultros-
pec III, Pharmacia, UK), was 45 mg L' and the gas flow was 5 L h'".

Oxygen cylinder
Ozonator

Gas flowmeter
Spectrophotometer
Reactor

Water inlet

Water outlet
Oxygen-ozone gas inlet
Oxygen-ozone gas outlet
10. Off-gas ozone destructor
11. Thermostat
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Figure 2. Experimental installation of cisplatin ozonation

At 2 min of reaction time, 100 mL of dissolution of cis, cis, trans-
diamminedichlorodihydroxoplatinum(IV) was obtained. To develop a
HPLC procedure for the simultaneous determination of this complex
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and cisplatin, 0.030 g of cisplatin was added and dissolved with the
aid of a vortex mixer immediately before use.

HPLC analysis

The analysis of cisplatin and its ozonation product was carried out
by employing isocratic reverse phase high-performance liquid chro-
matography (RP-HPLC). The system was equipped with a LKB 2150
pump (LKB, Bromma, Sweden), an injection valve with 20-uL sample
loop and a K-2800 UV/Vis photo diode array (PDA) detector (Knauer,
Berlin, Germany). Data processing and integration were performed with
Eurochrom 2000 software (Knauer, Berlin, Germany). Compounds
were separated on a 25 x 0.4 cm, 5-um particle, Spherisorb NH, column
and two mobile phases were employed. The first contained a mixture of
methanol-water (3% v/v) and pH 2.5 adjusted with methanesulphonic
acid (procedure I) and the second contained a mixture of methanol-
water (7% v/v) and pH 2.5 adjusted with the same acid (procedure II).
All spectrophotometric detections were measurements at 305 nm. Runs
were carried out at a flow rate of 0.5 mL min™.

Validation procedures

The procedure was validated for linearity, accuracy, repeatability
of measurement of peak areas and retention times, inter-day precision
and selectivity, in accordance with EPA guidelines.'

Linearity experiment was performed by using standard solu-
tions of cisplatin and cis,cis, trans-diamminedichlorodihydroxo-
platinum(IV) (0.5; 0.75; 1; 1.25 and 1.5 x 10 mol L*!, for both com-
plexes). The solutions were injected and peak areas were recorded.
The areas of the peaks and the corresponding concentrations were
used to construct the plots, using the simple regression method of
Statgraphics Plus software.

Limit of detection (LOD) and limit of quantification (LOQ) were
calculated as 3.3 d/(slope of the calibration plot) and 10 d/(slope of
the calibration plot), respectively, where d is the standard deviation
of the response (y-intercept).

The precision of the assay was determined in terms of repeatabi-
lity (intra-day) and intermediate (inter-day) precision. Repeatability
of measurement of peak area and retention time were determined by
analysis of standard solutions of cis,cis, trans-diamminedichlorodi-
hydroxoplatinum(I'V) and cisplatin at concentration of 1 x 10~ mol
L, six times on the same day. Inter-day precision was determined by
analysis of similar standards on three different days. Coefficient of
variation (C.V.) was calculated for both series of analyses.

The accuracy of the HPLC assay procedure was assessed by
adding known amount (15, 30 and 45 mg for cisplatin and 16.7,
33.4 and 50 mg for cis,cis,trans-diamminedichlorodihydroxoplati-
num(IV)) of both complexes to a 100 mL solution of cisplatin and
cis, cis,trans-diamminedichlorodihydroxoplatinum(IV) of known
concentrations (1 x 10 mol L"), in presence of hydrolysis product
of cisplatin. Accuracy, as percentage recovery ([mean recovered
concentration]/[added concentration] x 100), was evaluated at these
different levels (0.5; 1 and 1.5 x 10 mol L"! for both complexes).

To test the selectivity of the procedure for hydrolysis products of
cisplatin, an aqueous solution of cis,cis, trans-diamminedichlorodi-
hydroxoplatinum(IV) and cisplatin, at pH 7 and concentrations of 1 x
107 mol L' was prepared. This solution was maintained at 37 °C for
10 h, protected of the light. After this time, the solution was injected
and peak areas of the complexes were recorded. The purity of the
peaks was checked by acquisition of UV-VIS spectra (190-600 nm)
by use of the PDA detector. Spectra were acquired at the upslope,
apex, and downslope of each peak and superimposed.

All experiments were performed in triplicate.
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RESULTS AND DISCUSSION

For HPLC procedure, chromatographic conditions were esta-
blished to obtain, an adequate separation of eluted compounds. In
the study of Herndndez et al.'° the separation between cis, cis, trans-
diamminedichlorodihydroxoplatinum(IV) and cisplatin and was not
suitable because a high separation factor value (about 14.1) was ob-
tained. This high value means a run time longer than necessary. The
separation factor value depends on such factors as composition of the
mobile phase, composition of the stationary phase and temperature.
A change in the organic solvent in the mobile phase (e.g. from me-
thanol to acetonitrile) is the first step recommended in developing a
new HPLC method. However, acetonitrile is known to interact with
platinum complexes, with the formation of the well-known “platinum
amide blues” forming as the ultimate products.'*

For this reason, in this study, a change in the stationary phase was
required. Spherisorb NH, is a polar bonded-phase packing useful in
both normal and reversed-phase applications and can be used with
highly polar mobile phases such as water/methanol since it is highly
stable in water and stable to hydrolysis at low pH.

Separations of cisplatin and its ozonation product were performed
on NH, analytical column with two mobile phases, methanol-water
(3% v/v) and pH adjusted to 2.5 with methanesulphonic acid (pro-
cedure I) and methanol-water (7% v/v) and pH 2.5 adjusted with the
same acid (procedure II).

The UV spectra (Figure 3) of cis,cis, trans-diamminedichloro-
dihydroxoplatinum(IV) and cisplatin in water shows that they have an
absorption maximum in the range 200-250 and 305 nm. As 200-250
nm is very near to the wavelength at which methanol absorbs the UV
light, measurements were performed at 305 nm.

v

200 250 30 350

Wavelength (nm)
Figure 3. UV spectra of cis,cis, trans-diamminedichlorodihydroxoplatinum(
1V) (1) and cisplatin (II) in water

Figure 4a shows typical chromatogram obtained for cisplatin
and its ozonation product under the first chromatographic conditions
(procedure I). In this case the retention times for cis,cis, trans-di-
amminedichlorodihydroxoplatinum(IV) (peak 1) and cisplatin (peak
2) were approximately 4.57 min (RSD =0.009%) and 5.20 min (RSD
=0.007%), respectively, and the value calculated for the resolution
(Rs) was 1.32. Rapid elution of both complexes was observed but
the two peaks were only partially separated since a good separation
requires more than minimal resolution (Rs = 1.5).

Figure 4b shows typical chromatogram obtained for cisplatin and
its ozonation products under the second chromatographic conditions
(procedure II). In this case the retention times for cis,cis, trans-di-
amminedichlorodihydroxoplatinum(IV) (peak 1) and cisplatin (peak
2) were approximately 3.45 min (RSD =0.006%) and 5.28 min (RSD
=0.007%), respectively, and the value calculated for the resolution
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Figure 4. HPLC chromatograms of cisplatin (2) and cis, cis,trans-diammin
edichlorodihydroxoplatinum(IV) (1), A: under conditions of procedure I; B:
under conditions of procedure I1

(Rs) was 3.92. The separation results in rapid elution of both com-
plexes and the two peaks are totally separated (Rs > 1.5).

The results under these two chromatographic conditions show that
resolution of the complexes is better in the mobile phase methanol/
water (7% v/v) and pH 2.5 adjusted with methanesulphonic than in
the mobile phase methanol/water (3% v/v) at the same pH value.
Thus, highly efficient separation, reduced analysis time and reduced
mobile phase consumption (compared to chromatographic conditions
reported by Herndndez et al.'°) made the procedure IT more suitable
for HPLC analysis of cisplatin and its ozonation product, the complex
cis,cis,trans-diamminedichlorodihydroxoplatinum(I'V).

Nowadays, shorter columns of about 5 cm or less, also with
lower diameter of particle (3 um or less) are commonly used. Ne-
vertheless, for the study of cisplatin, the columns of 25 cm had been
employed.'>" For larger operations, shorter columns can be used to
reduce the retention time of the compounds, while Rs in not significan-
tly affected. In this study, the use of a shorter column is not necessary
because an acceptable run time of analysis is obtained (< 6 min).

Results from validation

To carry out the procedure validation study, standard cis, cis, trans-
diamminedichlorodihydroxoplatinum(IV) was synthesized according
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to the published procedure.'? Infrared spectroscopy and mass spec-
trometry were employed for confirm the identity of this complex.

In the IR spectrum of cis, cis, trans-diamminedichlorodihydroxo-
platinum(IV), a strong band at 3512 cm!, assigned to PtO-H stretching
vibration, was observed. The coordination of the OH ligand in the
complex is also observed with the presence of two bands at 1041 cm'!
(bending 8, ;) and 554 cm! (stretching v, ). The bands at 1360 and
1300 cm™! are due to O-H bending vibrations and the bands at 3258
and 456 cm™ are due to PtN-H and Pt-N stretching vibrations, res-
pectively. These results are in concordance with previously published
studies of platinum(II) and platinum(IV) complexes.!s!

In the case of platinum complexes, due to the isotopes of platinum
(1*Pt, Pt “Pt) and chloride (**Cl and *'Cl), the ESI mass spectra
exhibit a characteristic cluster patter. In the mass spectrum of the
synthesized product, the most intensive mass peak at m/z 335 was
obtained. Consistent with the ion mass, the structure was proposed
to be Pt(NH,),(OH),(Cl),]**. The theoretical isotope cluster of the
complex Pt(NH,),(OH),(Cl),]"* was in good agreement with the
experimental isotope cluster.

To further support this finding, tandem mass spectrometry was
employed. MS/MS at m/z 335 ion gave rise to the main fragment ion
at m/z 317 (IM-H,O[") by the loss of 18 Da. The ion at m/z 317 further
yielded the ions at m/z 299 ([M-H,0-H,O]*) and m/z 281 ([M-H,O-
HCIJ*), by the loss of 18 and 36 Da, respectively. These consecutive
fragmentations of 18 Da, confirms the presence of two OH ligands in
the complex. Finally, the ion at m/z 299 continued to produce the ion
at m/z 263 ([M-H,0O-H,O-HCI]*) by the loss of 36 Da. An identical
ESI mass spectrum of cisplatin ozonation product at initial pH 9 was
obtained by Herndndez et al.." This result confirm that the synthesized
standard cis, cis, trans-diamminedichlorodihydroxoplatinum(IV) is the
same that the ozonation product obtained by Herndndez et al.."

Results for the determination of linearity, LOD, LOQ, repeatabi-
lity and inter-day precision are summarized in Table 1.

Table 1. Summary of validation data

Procedure characteristic Cisplatin Ozonation
product
Linear range (x 10 mol L) 0.5-1.5 0.5-1.5
Correlation coefficient (r) 0.9991 0.9990
Slope 3.71x 108 1.15x 10°
y-intercept 20259.9 83046.3
Standard deviation (n = 3) 5824 18470
LOD (x 10* mol L) 0.47 0.53
LOQ (x 10* mol L) 1.57 1.75
Accuracy (% Rec., n = 6) 100.6 1.4 101.2+1.1
Repeatability of measurement of peak 0.66 0.47
area (CV, %, n =6)
Repeatability of measurement of 0.14 0.18
retention time (CV, %, n = 6)
Inter-day precision (CV, %, n = 6) 0.89 0.97

Linear least-squares regression analysis showed a good linear
relationship between peak areas and concentrations of cisplatin and
cis,cis,trans-diamminedichlorodihydroxoplatinum(IV) in the range
0.5-1.5 x 10° mol L™ (r =2 0.999).

The LOD, expressed as 3.36/(slope of the calibration plot), was
found to be 0.53 x 10“*and 0.47 x 10* mol L™ for cis,cis,trans-di-
amminedichlorodihydroxoplatinum(IV) and cisplatin, respectively.
LOQ, expressed as 10c/(slope of the calibration plot), was found to
be 1.75 x 10*and 1.57 x 10* mol L, for cis,cis, trans-diamminedi-
chlorodihydroxoplatinum(IV) and cisplatin, respectively. A deficiency
of this procedure is that the LOD and LOQ are higher than previ-

Optimization of a HPLC procedure for simultaneous determination of cisplatin 1453

ously reported in the literature. In these cases more sensitive detec-
tion methods, such as ICP-MS*?*?! and ESI-MS,* were employed.
To solve this problem, a preconcentration step should be included
in the analysis in order to determine lower concentrations of these
compounds.? Nevertheless, this analytical procedure can be used
to detect these compounds in water because in previously studies,
concentrations of complexes of platinum(Il) and platinum(IV) in
water and wastewaters, over the quantification limits of this analytical
procedure, have been reported.?*?

Inter-day precision expressed as coefficient of variation (CV, %)
were 0.89 and 0.97%, for cisplatin and cis,cis, trans-diamminedi-
chlorodihydroxoplatinum(IV), respectively. The repeatability of the
procedure was demonstrated by measuring the retention times and
peak areas of cisplatin and cis, cis,trans-diamminedichlorodihydrox
oplatinum(IV). In both cases the coefficients of variation were < 1.
These small values indicated the procedure is precise.

The accuracy of the procedure was determined by recovery
experiments. The recovery studies were carried out 6 times and
the percentage recovery was calculated. From the data obtained,
recoveries of standard complexes were found to be accurate (Table
2), because values near to 100% were obtained for both complexes.

Table 2. Recovery of cis, cis, trans-diamminedichlorodihydroxoplatinum(IV)
and cisplatin

Amount
Complex A?gglﬁlz??fg (x recovered Recovery (%)*
(x 10 mol L)

Cisplatin 0.5 0.49 98.0£0.9
1.0 1.03 103.0+1.8
1.5 1.51 100.7 £ 1.4

Ozonation product 0.5 0.51 102.0+ 1.1
1.0 1.02 103.0£ 1.5
1.5 1.48 98.7+0.6

Specificity is the ability to unequivocally assess an analyte in the
presence of other components in the simple matrix, such as impurities
and degradation products.

In a0.9% NaCl solution, cisplatin was stable for 24 h at room tem-
perature and protected of the light. Nevertheless, in aqueous solution
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Figure 5. HPLC chromatogram of cisplatin and cis, cis,trans-diamminedichlor
odihydroxoplatinum(IV) maintained at 37 °C during 10 h in aqueous solution.
Peaks: 3: hydrated complex PH(II), ty;= 2.68 min; 1: cis,cis,trans-diammin
edichlorodihydroxoplatinum(1V), t,,= 3.45 min; 2: cisplatin, ty,= 5.27 min
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the chloride ions in cisplatin are easily exchange with water molecules
to form the complexes [Pt(NH,),(H,0)Cl] and/or [Pt(NH,),(H,0),].
At pH 7 the complex [Pt(NH,),(H,0)CI] is the dominating after about
10 h and remains as the major specie during 40 h.?

The specificity of the procedure is illustrated in Figure 5, which
shows complete separation of cisplatin and cis, cis, trans-diammine-
dichlorodihydroxoplatinum(IV) in presence of hydrolysis product of
cisplatin. Although the peak corresponding to the hydrolysis product
(retention time = 2.68 min) cannot be identify it is reasonable that the
peak corresponding to the complex [Pt(NH,),(H,0)CI].

In peak purity analyses of cis,cis,trans-diamminedichloro-
dihydroxoplatinum(IV) and cisplatin with PDA, the spectra obtai-
ned at the beginning, middle and end of the bands did not differ
significantly. This shows that the peaks of analytes were pure and
the hydrolysis product of cisplatin does not interfere in the analysis.

CONCLUSIONS

An isocratic procedure for the RP-HPLC separation of cis-
platin and the complex cis, cis, trans-diamminedichlorodihydroxo-
platinum(IV) was developed. The procedure is rapid, simple, repe-
atable, linear, precise, accurate and specific for hydrolysis products
of cisplatin. The proposed procedure was used for the simultaneous
determination of cisplatin and cis, cis, trans-diamminedichlorodihyd
roxoplatinum(IV), in aqueous solutions.
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