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Letter to the Editor 

High-performance liquid chromatographic determination of 
ck+diamminedichloroplatinum(II) (cisplatin) as the 
ephenylenediamine complex 

Sir, 

cis-Diamminedichloroplatinum(I1) (cisplatin) is an important anticancer drug. 
Cisplatin is highly reactive in the body, and its biodegradation products may have 
activity and toxicity behaviour different from that of the parent drug. In order to 
evaluate the drug in clinical situations and to optimize therapeutic regimens, 
analytical methods capable of separating the drug and its individual biotrans- 
formation products and detecting these species at therapeutically relevant levels 
(ng/ml) are required. However, a major obstacle remaining in the clinical analysis 
of cisplatin is detection. 

Atomic absorption (AA) [l-3] and X-ray fluorescence [4] are non-resolution 
methods and give only total platinum levels without identifying the drug. HPLC 
separation followed by AA is an off-line method and, therefore, time-consuming 
and highly dependent on the sample matrix. UV absorption [1,2,5] with a re- 
fractive index detector connected in series [6], electrochemical detection [7-91, 
neutron activation and radioactive detection from 193 Pt, which also gives total 
platinum [l], have also been used. Recently, determination of cisplatin in urine 
and plasma in the range from 5~10~~ to 5. lo- ’ M by quenched phosphorescence 
detection was reported [lo]. 

The following derivatization agents have been used for cisplatin. 
(1) Diethyldithiocarbamate [l l-l 31: this is a convenient method because the 

adduct can be extracted from water into chloroform and it strongly absorbs at 
254 nm (E = 43 000 M-l cm-‘). 

(2) Thiourea (Kurknakow test): as a result of the trans directing effect of 
thiourea (Tu), cisplatin is converted into Pt(Tu)4C12 whereas the truns isomer 
yields trans-Pt(NH3)2(Tu)$Z12; these complexes can be separated by high-perfor- 
mance liquid chromatography (HPLC) [ 141. 

(3) 3,4_Diaminobenzoic acid: this yields a blue complex (I.,,,,, = 715 nm) but 
no HPLC separation was mentioned [ 151. 

(4) Pt(NOs)z-1,2-diaminodicyclohexane with sodium D-glucuronate: this 
reaction is very slow, requiring three weeks at room temperature [ 161. 

(5) Sodium bisulphite as a dcrivatizing agent and sodium dichromate as an 
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activating agent react with cisplatin to give a strongly absorbing complex (1” = 
290 nm) [9,17]. 

The aim of this work was, therefore, to develop a rapid, reliable and sensitive 
precolumn derivatization technique [ 181 with cisplatin to allow drug detection in 
the ppm range. 

EXPERIMENTAL 

Chemicals 
HPLC-grade solvents were filtered through 0.5pm Millipore FHUP-04500 

filter paper. Distilled water was passed through a Waters Milli-Q system. o-Phe- 
nylenediamine (Fluka, Buchs, Switzerland), was recrystallized from toluene. Cis- 
platin was obtained from Abic (Ramat Gan, Israel). 

A PBondapak reversed-phase C r8 column (300 mm x 4.6 mm I.D., particle 
size 10 pm) was obtained from Waters (Milford, MA, U.S.A.). 

Apparatus 
A Waters HPLC system with Model 6000 A solvent-delivery pump, Model 

U6K injector and Model 4X0 UV VIS detector was used. The output was recor- 
ded on an HP Model 3390 A integrator. The sample injection volume was 100 ~1. 

Cisplatin-o-phenylenediamine complex 
Cisplatin (cis-DDP, 1.5 mg) was dissolved in water (2 ml) and added to an 

aqueous solution (1 ml) of o-phenylenediamine (OPDA, 1.8 mg). After 20 min at 
lOO”C, a blue precipitate was formed, which was filtered through Whatman No. 
41 filter paper, washed with water and then dissolved in dimethylformamide 
(DMF) (100 ml). The reaction mixture was chromatographed on the Cls column 
with a mobile phase of chloroform” (at a flow-rate of 1 ml/min), and detection at 
703 nm. At this wavelength, only one peak, at a retention item of 3 min, is seen. 
The reaction was carried out with several concentrations of cisplatin and the same 
amount (1.8 mg) of OPDA, and a linear calibration curve was obtained. 

RESULTS 

In order to establish reaction conditions for binding cis-DDP with new fluo- 
rescent diamines [ 191, the reaction of cisplatin with OPDA, a model compound, 
was explored. Platinum(I1) or platinum(IV) reacted (as NazPtC14 or NazPtCls) 
with OPDA at pH 6.5 to form a light blue solution with an absorption maximum 
at 703 nm [20]. The cis-DDP-OPDA complex is formed conveniently after hea- 
ting for 20 min. The complex is soluble in DMF, is time-stable and obeys Beer’s 

“Some instability in chloroform was noted. but this is insignificant in the duration of the analysis. 



LETTERS TO THE EDITOR 221 

law, and calibration curves of 2-~-20 pg/ml were readily prepared. The sensitivity 
measured (in a l-cm cell) was 0.4 pg/ml Pt. 

The relative ease of formation of the ck-DDP-OPDA complex and its fast 
elution form the reversed-phase C r8 column show the value of this method as a 
rapid analytical tool for determining cis-DDP by precolumn derivatization, fol- 
lowed by HPLC analysis. 

Department of Orgunic Chemistry, The Weizmann H. HASSON 

Institute (g Science, Rehovot 76100 (Israel) A. WARSHAWSKY’ 

1 P. T. Daley-Yates and D. C. H. McBrien, Eiuchem. Pbarmacol., 32 (1983) 181-184. 

2 Y. Chang, L. A. Sternson. and A. J. Repta, Anal. Left. Bll (197X) 4499459. 

3 C. M. Riley, L. A. Sternson, A. J. Rcpta and R. W. Siegler, J. Chromnrogr., 229 (1982) 373-386. 

4 S. J. Bannister, L.A. Sternson, A. J. Repta and G. W. James, Clin. Chem., 23 (1977) 125882262. 

5 C. M. Riley, L. A. Sternson and A. J. Repta, J. Chromafogr., 217 (1981) 405420. 

6 C. M. Riley, L. A. Sternson and A. J. Repta, J. Chrom~togr.. 219 (1981) 235-244. 

7 I. S. Krull, X. D. Ding, S. Braverman, C. Selavka, F. Hochberg and L. A. Sternson, J. Chrumutogr. 

Sri., 21 (1983) 166173. 

8 0. Vrana and V. Brabec. And. Biochem., 142 (1984) 16-23. 

9 L. A. Sternson, K. C. Marsh, S. J. Bannister and A. J. Repta, Anal. Proc., 20 (1983) 366-368. 

10 R. A. Bauman, C. Gooijer, N. H. Velthorst, R. W. Frei, L. V. Klein and W. .I. F. van der Vijhis, J. 

Phurm. Biomed. Anal., 5 (1987) 165-170. 

11 P. A. Andrews, W. E. Wung and S. B. Howell, And. Biochen~., 143 (1984) 4656. 

12 S. J. Bannister, L. A. Sternson and A. J. Repla, J. Chrumufogr., 173 (1979) 333-342. 

13 R. F. Borch, J. H. Markovitn and M. E. Plcasants, Anal. Lett., 12 (1979) 917-926. 

14 D. Woolins, A. Woolins and B. Rosenberg, Polyheron, 2 (1983) 175-178. 

15 L. A. Johnson and G. H. Ayres, And. Chem., 3X (1966) 1218-1221. 

16 M. Noji. K. Achiwa, A. Kondo and Y. Kidamo, C/rem. Left., (1982) 175771760. 

17 K. C. March, L. A. Sternson and A. J. Repta, Ann/. C/tern., S6 (1984) 491-497. 

18 K. Imai. T. Toyooka and H. Miyano, Analysr, 109 (1984) 1365-1373. 

19 A. Warshawsky, J. Altman, N. Kahana, R. Arad-Yellin, A. Deshe, H. Hasson, N. Shoef and H. 

Gottlieh, Synthrsi.~. 1 I (1989) 825-830. 

20 E. D. Galla and G. H. Ayrcs, Talanta. 20 (1973) 199. 

(First received February 2nd 1989; revised manuscript received April 2nd, 1990) 


