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A method is described for determining to tal platinum content in urine, blood plasma and ti ssues 
of patients or experimental animals rcceiveing cis-dichlorodiammincplatinum(II). The method 
is based on drying an d combustion of the biological mater ial in it muffle furna ce. The product 
of the combustion is dissolved succes, ive ly in af/ II(} regia, hydrochl o ric acid and ethylenediamine. 
The resulting platinum--e thylenediamine compkx yields a ca tal yt ic current at a dropping mer­
cury electrode allowing to determine platinum by difTercntial pube polarography. Platinum 
levels of c. 50- 1 000 ng per ml of th e biol ogical Iluid o r per 0·5 g of a ti ss ue can readily be 
anotlyzed with a lin ~ar calibration. 

Recently we described a c linic:!lI y useful analytical mcthod for monitoring species derived from 
the antineoplastic agent cis-dichlorodiamineplatinum(lJ) (ri.\-DDP) in urine! . The analysis was 
based upon derivatization of the platinum species by a reac tion with sodium diethyldithiocarba­
mate and in the final step upon dctermination by difTcrcntial pul sc polarography (d.p .p.). The 
procedure exhibited a high degrcc of specificity and high scmitivit y provided by d.p.p. and it cir­

cumvented the matrix effects. 

Our further work was aimed at finding a method for the analysis of platinum 
in other biological materials. Thi s report describes a method for platinum analysis 
based also in its final step upon estimation with the aid of d.p.p. In contrast to the 
method described in our previous report t the new procedure makes it possible 
to estimate total platinum not only ill urine but al so in blood plasma and ti ssues. 

EXPERIMENT AL 

Instrumentation 

D.p.p. was performed on a polarographic analyzer PA 2 (Laborat o ry Instruments, Czechoslova­
kia) . A three-electrode ,ystem was med. comprising a dropping mercury eicctrode (d.m.e.), 
a spectroscopic graphite counter electrode an d a ~aturatcd calcmcl reference electrode. D.m.e. 
had a mercury flow rate of 0·927 mg/s . Polarograms wcre obtained with a pulse amplitude 
of - 50 mY and a sweep rate of 2 mY Is. Drop timc control of the PA 2 analyzer was set at 2'0 s. 
Initial potential was - 1'3 Y. Samples werc combusted in a Model LlOO (YEB Electro Bad Fran­

kenhause GDR) muffle furnace. 
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Materia ls 

ci.I-DDP was obtained from Lachema (Czechoslovakia) and was used without further purifIca­
tion. Platinum sta ndal'd solu tion, each mililitre of which wa s equ ivalent to 40l1g of platinum 
was prepared fr<;~h eac h working day by disso lving cis-DOl' in distilled water. If not stated 
otherwise the amounts of pla tinum reported in this paper are related to elementary platinum. 
Ethylened iamine was purchased from F luka (Switze rland ). Human urine and blood pla sma we re 
ob t'a ined from volunteers not undergoing cis-DOl' therapy. Fresh heparinized bovine blood 
plasma taken fr o m a cow not receiving cis-DO P was obtai ned by courtesy of Dr 13. Hofirek. 
F resh heparinized rat blood pla>ma was taken from fema le rats (body mass Co 300 g). stra in 
Wistar. Liver tissue was taken fr o m male mice (body mass c. 30 g), st rain (CBA C57 BL/ 10)FI, 
o r from female ra ts (strain Wistar) immed ia te ly after the sacrifice. 

Preparati on of Standard C urve 

2 ml of a pl a tinum-free bi o logica l liquid (urine or b lood plasma) or 0 ·5 g of a tissue are placed 
int o each of six new porcelain cr uc ibles (35 mm in d iameter and 30 mm high). Then 0, 5, 10, 20, 
50 and 80 pi of the platinum standard so lutio n is added and the mixtures a re allowed to stand 
for 30 minutes. The crucibles are placed in a sand bath heated t o c. 120°C and the samples are 
dried for I hour until compl ete dehydration is achicved. If blood plasma is analyzed, the residues 
arc further dissolved in I ml of aqua regia and again evaporated to dryness in the sand bath. 
Thc crucibles are then coven.:d with lid s, loaded into a muffle furnace a nd heated according to the 
fo ll ow ing schedu le: 60 minutes at 200a e, 30 minutes at 250"e, 60 minutes at 350°e, 30 minutes 
at 425°C and finally 90 minutes at 700°e. After combustion o f the sa mples, the crucibles are 
cooled to room te mperature. the residue dissolved in 21111 o f freshl y prepared aqua regia and al­
lowed to stand ove rnight. Each crucible content is quantitatively tramferred into a new 501111 
glass beaker (40 111m in diameter and 55 mm high). The inner surface of the crucib le and the lid 
are rinsed with I ml of aqlla regia, which is a lso added to the pertinent beaker. The content 
of the beaker is evaporated to dryness on a steam bath and the residue is dissolved (always after 
evaporation to dryness on a steam bath) successively in 2 ml of concentrated hydrochloric acid, 
2 ml of 0'025 mo l/ I et hylenediam ine and 2 ml of 0·01 mol / I ethylenediamine . After fi~'a revapora­
tion the residue is redissolved in 2 ml of a suppo rting electrolyte consisting of 0,] mol / I potas­
sium chloride and 0·1 mol / I ethylenediamine. After c. 10 - 60 minute standing the sample is de­
oxygenated for 5 minutes with nitrogen and analyzed by d.p .p_ The height of the d.p .p. peak (1) 

is measured at - 1·65 V (Fig. I) and a working curve of I verSliS con centration of platinum is plot­

ted . 

Sample Preparation 

2 ml of the bi o logical liquid (urine or blood plasma) or 0 ·5 g of a tissue arc placed into a new 
porcelain crucible. Then it is dried in a sa nd bath, loaded into the muffle furnace and sa m ple 
preparation proceeds as described a bove. The concentration of platinum is determined from the 
working curve. If the d.p.p. peak is markedly higher than tha t of the standard with the highest 
platinum concentration, the sample is diluted with the solution obta ined by taking the pertinent 
platinum-free biological materia l through the ana lysis scheme and the determination is repeated. 

RESULTS AND DISCUSSION 

D.p.p. estimation of platinum according to the procedure described in this report 
is based on the catalytic electrode reaction2

,3 during which platinum-ethylenediamine 
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complex is reduced to a lower ox idation state , which is highly reactive and reduces 
protons to hydrogen . HO\\'ever, we have shown in our rece nt rep ort} that platinum 
analysis in biological sa mples. ba sed 0 11 the latt er electrochemical ac tivity, is com­
plicated by the organ ic matrix . 1'0 overcome this obstacle init ia l efrorts were directed 
at treating uri ne, plasma and ksue (includ in g it s homogenate) in mi xtures of acids 
and hydrogen peroxide as recomn:c-ndcd fo r we t digesti on or an organ ic mat erial 
whose inorganic component i, to be ana lyzed. Wet dige~ ti on toge ther with cl .p.p. 
analysis yielded inconsistent an d poor recovery of platinum from all bi ological 
material investigated in thi s work even when several known polarographic activities 
of platinum species 2 

- 5 were examined. 

Chemical derivati zation of platinum in a biological liquid a imed a t yield ing a n 
ex tractable produ ct, used as an approach \ 0 eliminate matrix cfTects6 .7 , was also exa­
mined. This procedure in cOlll~ ection with d.p.p . ana lys is appea red to be useful on ly 
for platinum determin ati on ill ur ine , as shown in o ur recent report I. Analyses of plas­
ma and homogenized t issue t hu s treated exhibited high var iab ility in d .p.p. responses, 
even when this materi a l was fir st subjected to wet diges ti on.Thu s, in our experience 
wet mineralization of bio logica l materi a l did not prove suita ble for pla tinum analysis 
by mean s of d .p.p. 

Quite recently a method has been described for determination of tota l pl atinum 
in ti ssues by atomic absorpti on spectroscopy (a.s.s.) based a lso on total combu st ion 
of the ti ss lle8 . It has been shown that, co ntrary to wet digesti on, mineraliza tion 
by combustion of the ti ss Li e elimin ates matrix effect s to such an ex tent that it repre-

FIG. 1 

Differential pul se pola rogram of platinum 
ethylenediamine complex in 0·1 mol l l pota s­
sium chloride with 0·1 mol l l ethyl enediamine . 
The complex was formed from cis-d ichl oro­

diammineplatinum(II) in bovine blood pla; ­
ma treated by the procedure outlined. Cone. 
of Pt in plasma 585 ngl ml. The va lue of y was 
taken to represent the height of thi s pea k 
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sents a mean s for a preci se and reproducible analysis of a variety of ti ssues by mean s 

of a.a .s. We have, therefore, directed out further efforts at using combustion as 

a pretreatment for urine, plasma and ti ssues samples in the expectation that d.p.p . 

ana lysis of the dissolved ashes will provide consistent and satisfactory recovery 

of platinum from the biological materials tested in the present study. 

Table I contains the d .p.p. peak he ight values obta ined for a typical standard 

curve ror platinum in human urine, bovine and human blood plasma, and mou se 

liver, if the d.p.p. activity of platinum- ethylenediamine complex 1
,2 was exploited; 

potassium chloride-ethylenediamine e lectro lyte gave a linear calibration for platinum 

ill the concentration range of c. 50-1600 ng/ml in the case of bi ological liquid s 

and for platinum content on 0·5 g of a t issue ranging fr o m c. 100 - 3200 ng. Con­

struction of these standard curves resulted in generation of the lines with a zero-order 

correlation coefficient of 0·99. The upper limit of analytical utility of d .p.p. for these 

analyses is given by irregularities in mercury drop dislodging at higher platinum 

concentrations. These irregularities are probably connected with small bubbles 

formed at the capi ll ary or ifice as a consequence of the catalytic process yielded 

at the d.m.e. by platinum- ethylenediamine complex 2
• 

D.p.p. results for biological materials containing known amounts of platinum 

(800-160011g) taken through the a nalysis scheme were compared with those ob­

tained for similarly treated pure solution s of cis-DDP in distilled water or in some 

simple electrolytes. The recovery ranged from 115 -138%. This result, along with 

the fact that variolls biological materials containing platinum yielded after treatment 

by the procedure described d .p .p . peaks of different height , indicates that the standard 

curve for platinuJll must be made using the pertinent sample matrix . Thusjp !he case 

TABLE [ 

D.p.p. p~ak h~ ight values for platinum standard in d ifferent biological material s 

Amount of 
Pt addeda 

n g 

200 
400 
800 

2000 
3200 

human urine 

3· 55 
6·40 

13·28 
33-86 
50·42 

Peak heighth
• pA 

human blood 
plasma 

2·57 
5·50 

10·24 
29·09 
44·61 

bov ine blood 
plasma 

3·00 
5·57 

11·73 
28·56 
47·92 

mouse liver 

3·06 
5·96 

11 ·03 
30·41 
44·23 

a cis-DDP was added to 2 ml of the biological tluid or to 0·5 g of the tissue. b Average value 
for analysis of three samples. 
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of analysis of urine or blood plasma the standard curve is made with the same kind 

of platinum-free fluid taken from the patient or the expel imental animal before 

cis-DDP administration. If it is impossible to take the amount of the platinum-free 

liquid sufficient for making the standard curve from the same experimental animal 

whose biological liquid shall be analyzed, sati sfactory results can be obtained ifplati­

IHlJll-free liquids are taken from the control animal s (Table 11). Similarly, in the case 

of analysis of a ti ss ue of an experimental animal, the standard curve for platinum 

is made with the same kind of the platinum-free ti ssue taken from the control ex­
perimental animal (Table 1I). 

Time and temperature of pyrolysis are important factors inJluenc ing the precision 

of estimations. For important result s it was necessary to use porcelain crucibles 

only once becau sc the products of combu stion a ttackcd the glaze, which probably 

resulted in trapping of platinum in the glaze matrix. As for the accuracy of the plati­

num estimation the best results were obtained if the samples for the standard curve 

were dried and combusted simultaneou sly with the samples containing unknown 

amounts of platinum 

The precision of the d.p.p. estimation of platinum by the procedure described 

in this report was determined on the ba sis of measurement of ten identical samples 

of human urine and blood plasma , containing platinum at a concentration 

of 800 ng/ml. In the supporting electrolyte used throughout the study, a precision 

of 8% was obtained 

Interference studies were carried oul, too. As for the effect of metal ions on the 

platinum d.p.p. peak exploited in this work , results were obtained which were 

basically identical to those of Alexander and coworkers, who analyzed platinum 

in ores 2 •3 . Moreover, the addition of small amounts of some low-or high-molecular 

weight organic compounds to the biological samples resulted in most ca ses in an in­

crease of the d.p.p. peak. The data contained in Table J along with the results 

TABLE II 

D.p.p. p~ak height values for Pt standard in rat blood plasma and rat liver (rats No 1- 4 of identi­
cal strain and of the same age). cis-DDP added to 2 ml of plasma or to O' 5 g of the tissue; amount 
of Pt added: 1 170 ng 

Peak height, llA 
Sample --~----.------. 

Nol N02 N03 N04 

Plasma 16·27 17·22 16·93 16·81 

Liver 17·62 17'02 17·85 18·12 
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obta ined with cis-D OP di sso lved in distill ed water (mentioned in this report earlier) 

indicate that the combustion was probably incomplete. Nevertheless, it destroyed 

the organic ma tri c to such an ex tent that d.p.p. could be used for the reproducible 

quantitative a na lysis of pla tinum in m os t biological mate ri a ls. 

The utility o f the meth od was tested by administering cis-DOP to two fema le 

rats at a d ose 5 mg of c is-DDP!kg body mass intravenously through the ta il vein. 

Two hours after dosing, animals were sacrificed a nd liver ti ssue harves ted . Plati num 

leve l found in t hi s ti ssue was (3'6 ± 0'1) and (3-4 ± 0' 1) ~lg Pt per gram of the ti s­

sue (average ± standa rd d eviati on for determination o f three samples obta ined from 

each liver). This platinum level agrees very well with previou sly reported values 

obta in ed by mea ns of a.a.s 8 (4 ' J and 3-4 J.! g Pt /g of rat liver ti ssue) . 

In conclu sio n, tillS paper describes the mcthod for pla tinum determination in bio­

logical mat erial by d.p.p. , which has good precision a nd ~ ens i livity comparable 

to platinum analysis by a.a.s. 8
.
9

. The procedure d escr ibed here makes it possibl c 

to detcJ)nine tota l platinum independently of valency or liga nd s a ttached to th e meta l. 

It is, therefore , unnecessary to consider poss ibl e d eriva ti za tion o f cis-DOP which has 

already been o bserved 10 bo th in vivo and in vi tro. The method described in this 

report thus represent s a n alternative of the m ethod s so far used in platinum ana lysis. 

Moreover, d .p.p. instrumenta ti o n is relative ly simple ~ o tha t the method can become 

wide ly used even in clinical la boratories. 
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