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ABSTRACT 

A square wave voltammetry (DPV) method for trans-Pt[Cl2(Dimethylamine)(isopropylamine)] determination is developed. 
To this end, all the chemical and instrumental variables affecting the determination of trans-Pt[Cl2(Dimethylamine) 
(isopropylamine)] are optimized. From studies of the mechanisms governing the electrochemical response of trans- 
Pt[Cl2(Dimethylamine)(isopropylamine)], it was concluded that it was an electrochemically reversible system with an 
adsorptive oxidation phenomenon. Under optimal conditions, the variation of analytical signal (Ip) with trans- 
Pt[Cl2(Dimethylamine)(isopropylamine)] concentration was linear in the 0.05 µg·mL–1 to 10 µg·mL–1 range, with a 
LOD 91 µg·mL–1 of and a LOQ of 303 µg·mL–1, a RSD 1.10% and Er 0.72%. The optimized method was applied to the 
determination of trans-Pt[Cl2(Dimethylamine)(isopropylamine)] in biological fluids, in human urine and synthetic 
urine. 
 
Keywords: Trans-Pt[Cl2(Dimethylamine)(Isopropylamine)]; Differential Pulse Voltammetry (DPV); Square Wave 

Voltammetry (SWV); Biological Fluids; Human Urine 

1. Introduction 

In the 40 years since the discovery of cisplatin, hundreds 
of new platinum (II)- and platinum (IV)-based complexes 
have been synthesised and tested as anticancer drugs [1]. 
From these, only carboplatin and oxaplatin have received 
world-wide approval [2]. Several new drugs are in vari- 
ous stages of clinical trials [3-5]. All these drugs have si- 
milar structures, that is: one or more platinum atoms co- 
ordinated to amine or ammine carrier ligands and chloro, 
carboxylate, oxalate or acetate leaving groups [1]. Be- 
cause they share similar structures, their mode of actions 
is the same, they are all susceptible to the development of 
drug resistance, and all display severe dose-limiting toxi- 
cities. 

Better delivery can be achieved through drug encap- 
sulation inside a variety of macromolecules and two such 
strategies for the delivery of oxaplatin using liposomes [6, 

7] and polymers [8-11] are currently being investigated. 
Encapsulation of drugs inside a macromolecule provides 
two benefits. Firstly, it protects the drugs from degrada- 
tion by using steric hindrance to prevent the close approach 
of nucleophiles, particularly glutathione and thiol or thi- 
olate-containing proteins. Secondly, encapsulation can in- 
crease the specificity of the drugs for, and uptake into, 
cancerous cells, through the enhanced permeability and 
retention effect [12]. Cancerous cells are porous, having 
cavities that are up to 1000 nm in diameter and which are 
able to trap and retain large molecules more effectively 
than normal cells [12]. 

As well as liposomes and polymers, platinum drugs 
can also be encapsulated by small macrocycles. Cyclode- 
xtrins are cyclic oligosaccharides composed of α-D-glu- 
cose subunits, and are already used extensively in formu- 
lations of organic drugs [13]. In vitro experiments demon- 
strated that the cyclodextrin-platinum complexes were 
completely inactive; no other in vitro results have yet *Corresponding author. 
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been reported. 
Recently, a family of small macrocycles called cucur- 

bit[n]urils (CB[n]) has shown utility as drug delivery ve- 
hicles. 

Whilst cucurbit [6] uril (CB [6])was first discovered in 
1905 by Behrend et al. [14], its macrocyclic structure was 
not determined until 1981 [15] and until 2000, CB [6] was 
the only cucurbit [n] uril to receive any attention as a mo- 
lecules useful in host-guest chemistry. This changed up-
on the discovery of different sized cucurbit [n] urils: CB 
[5], CB [7], CB [8] and the isolation of free CB [10] 
((compound 3, 5, 6, Figure 1) [16,17]. Their discovery 
has led to a rapid increase in the interest in, and applica- 
tion of, CB[n] in a variety of fields including: nanoma- 
chines, chromatography and drug delivery [18]. Cucurbit 
[n] urils, named for its distinctive pumpkin-like shaped, 
is made from the condensation of glycoluril and formal- 
dehyde in strongly acidic solutions [19,20]. Synthesis yields 
a mixture of different sized molecules, where the ratios 
of products can be tuned by varying the acid concentra- 
tion or type [21]. 

Cucurbit [n] urils contain two hydrophilic carbonyl 
lined portals, capping a central hydrophobic cavity. The 
different sizes of the portals and cavities means they are 
able to bind a variety of organic and inorganic molecules. 
A variety of organic drugs and biologically relevant mo- 
lecules have been encapsulated in CB [n]. 

Of most use in platinum drug delivery are CB [6], CB 
[7] and CB [8]. The portal of CB [5] is too small to allow 
the entry of coordinated platinum atoms and many orga- 
nic ligands, and the cavity of CB[10] is generally too large 
to strongly hold a platinum complex when dissolved at 
biological concentrations (kb > µM). Cucurbit [n] urils 
are sparingly soluble in water, but become more soluble 
upon encapsulation of some platinum complexes, parti- 
cularly cationic and/or multinuclear complexes. The so- 
lubility of CB[n]s in water also varies depending on the 
method used to synthesise and purify them; many CB[n]s 
precipitate from solution with co-crystallised acid mole- 
cules [21], which can be difficult to remove. Alkali earth 
metal salts also increase the solubility of CB[n]s, parti- 
cularly saline [22-27]. In the latter case, the cations are 
strongly bound at the portals and can help stabilise the 
binding of small guests inside the cavity [22-27]. 

Chiral CB[n]s that are capable of recognising and 
binding chiral guest [28] have been synthesised which 
have an application in the delivery of chiral drugs. CB [n] 
s have also been found to form monolayers on gold sur- 
faces, which have applications in cancer diagnosis. [29] 

Full or partial encapsulation of platinum complexes is 
stabilised through hydrophobic interactions within the 
CB[n] cavity and through ion-dipole and dipole-dipole 
interactions at the portals [19,20]. The mode of binding 
can be examined using nuclear magnetic resonance 

(NMR). 
Instead, the location of a drug’s proton(s) inside the 

CB[n] cavity is determined from the change in the che- 
mical shift of their 1H resonance. Protons within a CB [n] 
cavity are highly shielded and can shift upfield (lower 
ppm/frequency) by up to 1.5ppp [30]. Protons that are 
located outside, but close to, the portals are slightly de-
shieded and move downfield, whilst protons far away 
from the CB[n] do not change chemical shift [30]. 

The magnitude of the chemical shift change is directly 
proportional to the proton’s depth within the CB[n] cavi- 
ty or distance from the portal; a larger up field change in 
chemical shift implies that a proton is located deeper 
within the cavity than a proton that shifts to a lesser ex- 
tent. Similar shielding/deshielding movements are also 
observed for platinum resonances in 195Pt NMR spectra 
[30,31]. 

Platinum complexes which intercalate double-stranded 
DNA can also be partially encapsulated by CB [n] s. For 
a family of platinum (II)-based DNA intercalator comple- 
xes encapsulation by CB [6], CB [7] and CB [8] has been 
shown to occur predominantly over the hydrophobic an- 
cillary ligands, S,S-dach and ethylene diamine (en) [31, 
32]. 

The binding constants for many platinum complexes 
with CB [n] are strong enough to have application in drug 
delivery, with the exception of cisplatin; generally bind- 
ing constants need to be greater than 105 M–1 for the host- 
guest complex to remain intact at biological concentra- 
tions. 

Encapsulation of platinum complexes within CB [n] 
has an affect on both the metal complexes’ cytotoxicity 
and toxicity. CB[n] molecules all of sizes appear to have 
no intrinsic cytoxicity, with IC50 values of >100 µM in 
many human cancer cell lines. Similarly, CB[n]s also ap- 
pears to be relatively non-toxic, with in vivo studias in 
mice indicating that the maximum tolerated dose of CB 
[7] is around 200 mg·kg–1 [30]. 

The effect of CB[n] on the cytotoxicity of platinum com- 
plexes appears to be related, to some extent, to the strength 
of the binding. 

For a family of platinum (II)-based DNA intercalators, 
a clear correlation between CB [n] size and cytotoxicity 
is harder to determine. CB [6] has a positive or only slight- 
ly negative effect on the cytotoxicity. 

The observed general decrease in cytotoxicity that many 
metal complexes experience upon encapsulation by CB 
[n] s could arise for two different reasons. Firstly, it may 
be because encapsulation reduces the metal complexes’ 
reactivity towards nucleophiles and these results in a 
slower rate of DNA binding or a reduction in the DNA 
adducts formed. Alternatively, CB[n] may affect the cel- 
lular uptake of the metal complexes and thus prevent 
sufficient concentrations of drug from entering cells and 
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inducing apoptosis. Regardless of the mechanism causing 
the general decrease in metal complex cytotoxicity, this 
effect is manageable, provided that the reduction in vitro 
activity also equates to a reduction in the metal com- 
plexes’ toxicity and an improvement of their therapeutic 
index. 

In this paper, a new electrochemical method to deter- 
mine trans-Pt[Cl2(Dimethylamine)(isopropylamine)] in 
biological fluids is developed.  

The group of Dr. Carmen Navarro-Ranninger [33] has 
reported that the trans-platinum (II) complex with mixed 
aliphatic amines, 
trans-Pt[Cl2(Dimethylamine)(isopropylamine)] (Figure 1) 
circumvents cisplatin resistance in cells that overexpress 
ras oncogenes. In addition, compound 1 is also able to 
circumvent resistance to cisplatin an A2780cisR ovarian 
tumor cells, which exhibit resistance through a combo- 
nation of three mechanisms mentioned above [34]. More- 
over, they observed that circumvention of cisplatin resis- 
tance by compound 1 is associated with a higher level of 
apoptosis induction relative to cis-diamminedichloropla- 
tinum (II) (compound 1 Figure 1) [35,36]. Of interest also 
was the observation that in A2780cisR cells, there is a 
correlation between the DNA interstrand cross-linking 
efficiency of compound 1 and its ability to induce apop- 
tosis [36]. 

This paper makes a study of the electrochemical be- 
haviour of this compound by differential pulse voltam- 
metry (DPV) aimed at obtaining the optimal conditions 
for its determination in biological fluids and the estab-
lishment of its formation constants. 

The analysis of biological fluids presents a special re- 
levance because small changes in the concentration of its 
components are through to be correlated with several 
neurological or metabolic disorders. 

2. Experimental 

2.1. Reagents 

Trans-Pt[Cl2(Dimethylamine)(isopropylamine)] [33], 
provided by Dr. Carmen Navarro-Ranninger. Buffer so- 
lutions prepared with acetic acid, phosphoric and boric 
 

 

Figure 1. Structures of the molecules referenced in this work. 

adjusted to the desired value with sodium hydroxide. 
Unless otherwise stated, all other reagents were of ana- 
lytical grade and used as received. Ultrapure water, ob- 
tained from Millipore MilliQ System (Waters), was used 
in the preparation of buffers and solutions and cleaning 
of the electrochemical  
Pt[Cl2(Dimethylamine)(isopropylamine)] analysis sage. 
All the solutions were prepared just prior to use, con- 
served at 4˚C and protected from light. 

2.2. Apparataus 

The electrochemical measurements were performed us- 
ing a Bioanalytical System (BAS) Epsilon Potentiostat 
workstation. A conventional three electrode cell was used. 
In all experiments, a large area-coiled platinum wire was 
employed as a counter electrode, an Ag/AgCl/KCl 3 M 
reference electrode and a platinum electrode was em- 
ployed a work electrode. For pH adjustment, a pH-meter 
Methrom C831 was employed as well a circulation ul- 
trathermostat Frigiterm-10 (P-Selecta, Spain) to control 
the temperature. 

2.3. Procedure 

Trans-Pt[Cl(Dimethylamine)(isopropylamine)] stock so- 
lution (500 µg·mL–1) was prepared with ultrapure water 
and stored at 4˚C ± 1˚C and preserved in aluminium foil 
covered bottles to avoid photo degradation. Prior to ana- 
lysis, sample bottles were allowed to equilibrate to RT. 

2.4. Sample Preparation 

Trans-Pt[Cl2(Dimethylamine)(isopropylamine)]  
was readily and further diluted to the desire concentra- 
tions using 0.5 M acetic buffer solutions. 

The samples used for the implementation of the method 
described above were a synthetic urine sample prepared 
at the laboratory and a sample of real human urine. 

The composition of the synthetic urine is collected in 
Table 1 [37]. 

The treatment suffered by the human urine sample 
consisted of: 1) doping of the sample with an aliquot of 
complex trans-Pt [Cl2(Dimethylamine)(isopropylamine)] 
of 10 µg·mL–1; 2) precipitation of proteins with HClO4 
0.1 M.; 3) digestion of the precipitate for a weekend (48 
hours); 4) filtering of the sample; and 5) adjust the pH of 
the sample to the appropriate pH. 

2.5. Electrode Activation 

In order to desorb the platinum (II)-cucurbit [6] uril com- 
plex from the electrode and to prepare the electrode for a 
new experiment, the activation and regeneration of the 
electrode surface was carried out by successive and mul- 
tiple cyclic voltammetric scans in 0.5 M H2SO4 solution 
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between 0.0 and 1.5 V at 100 mVs–1. 3.1.2. Instrumental Variables 
Once the study of chemical variables, it was proceeded to 
the optimization of instrumental variables, both differen- 
tial pulse voltammetry (DPV) and by square wave volt- 
ammetry (SWV) kept constant in both techniques the 
value of pH 8 and ionic strength 5 × 10–1 M, found above, 
and the concentration of analyte (10 μg·mL–1). 

3. Results and Discussion 

The electrochemical study of the Pt(II) complex 
trans-[PtCl2(dimethylamine) (isopropylamine)] was per- 
formed by differential pulse voltammetry (DPV) and 
square wave voltammetry in order to determinate the best 
conditions for its determination. 

1) Influence of Frequency 
The frequency was changed, and the amplitude and the 
step (scan increment) were fixed in 25 mV and 4 mV, re- 
spectively. 

3.1. Studies with the Unmodified Electrode 

3.1.1. pH Influence and Ionic Strength 
In order to select the optimum pH was employed a range 
of pH between pH 2 and pH 12. The buffers used were 
phosphate buffer for pH 2, 3, 6, 7, 8, 10, 11 and 12; ace- 
tic buffer for pH 4 and 5; and boric buffer for pH 9. The 
concentration of all of them was 0.5M. 

The relation obtained between the intensity and the 
square root of the frequency was linear: ip (μA) = 
60.298f1/2 (Hz)-62.638, R2 = 0.991; this relation indicated 
us the process of oxidation was controlled by diffusion. 

The value of 80 Hz was chosen like optimal value of 
frequency for future studies because the waves obtained 
for this frequency has a good resolution. 

In Figure 2 are represented voltammograms obtained 
at different pH values, Figure 2(a) corresponds to the va- 
riation of peak intensity with respect to pH and Figure 
2(b) to the variation of peak potential versus pH. This 
figure shows that the greatest intensity is reached at pH 8 
(Figure 2(a)). By representing the variation of peak po- 
tential with respect to pH (Figure 2(b)) there are two 
straight sections with a clear variation of the slope, indi- 
cating that the compound under study has one dissocia- 
tion constant, which correspond to the values of K = 10 - 
4.0, in the first stage of the hydrolysis. 

2) Influence of Scan Increment (Step) 
When the voltammograms for the study of step were 
registered (the pulse amplitude and the frequency were 
fixed in 25 mV and 80 Hz, respectively), we observed 
the peak intensity and the peak potentials were increased 
when he scan increment were increased. 

The relations between the square root of the step and 
the peak intensity and peak potential were linear: Ip(µA) 
= 2.022step1/2 (mVs–1) + 1.542; R2 = 0.991; Ep(mV) = 
16.97 log step(mVs–1) + 10.16; R2 = 0.987. The informa- 
tion provided to us in this study was identical to that ob- 
tained in the study of the frequency (process controlled 
for adsorption and irreversible electrochemically) be- 
cause both studies relied on the scan rate. We choose a 
value of step of 2 mV to maintaining constant scan rate 
and because we obtained the best resolution in the wave 
with a low peak potential value. 

From the standpoint of electrochemistry, pH 8 was 
chosen for further study because it is the pH value, which 
provides greater intensity. 

It is also studied the necessary ionic strength necessary 
to achieve the highest possible sensitivity in the electro- 
chemical reaction. In this study we used solutions of bo- 
ric acid-borate buffer solution buffer pH 8 concentrations 
between 5 × 10–2 and 2.0 M, reaching maximum intensity 
to 5 × 10–1 M, concentration used for further studies. 
 

 

Figure 2. Voltammograms at diferente pH values. 
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3) Influence of Pulse Amplitude 
By changing this variable using differential pulse volt- 
ammetry, it appears that the peak current increases line-
arly according to equation. ip(µA) = 0.0119 ∆E(mV) + 
0.0607; using a scan rate of 25 mV/s throughout the 
study. 

But at the same time increases the width of half-peak, 
so it is necessary to reach a situation of compromise be- 
tween sensitivity and selectivity. This occurs at a value 
of pulse amplitude 50 mV. 

The peak potential is modified according to the equa- 
tion: Ep (mV) = –0.6825 ∆E (mV)-52.092 

The square-wave behaviour is similar to that observed 
in differential pulse voltammetry (DPV), the peak current 
increases linearly with pulse amplitude according to the 
equation: ip(µA) = 0.0619∆E (mV)-0.0272 with a fre- 
quency of 80 Hz and a step of 4 mV, which promotes an 
effective scan rate of 50 mV/s. 

In the square wave voltammetry, it is presented in the 
same situation of commitment, which in differential pulse 
voltammetry, then with increasing pulse amplitude in- 
creases the width of half-peak therefore be chosen as op- 
timal value 50 mV pulse amplitude. 

The variation of peak potential follows the equation: 
Ep (mV) = –0.7642 ∆E (mV) + 59,289 

4) Influence of scan rate 
As in previous studies have remained constant conditions 
of pH, ionic strength and analyte concentration (10 
μg·mL–1). 

When scan rate is modified by cyclic voltammetry, the 
voltammograms (Figure 3) obtained clearly demonstrate 
the quasi-reversibility of the process the matter contribu- 
tion is adsorptive. 
 

 

Figure 3. Influence of scan rate at pH 8. 

The determination of the number of electrons exchanged 
was carried out through a columbimetric process being, 
therefore, the reduction process is: 

( ) ( )2Pt II e Pt IV−−   

This confirms the reversibility of the process control- 
led by diffusion.  

This fact can be corroborated by comparing the oxida- 
tion and reduction waves, as reflected in Figure 3. 

3.1.3. Calibration Curve and Limit of Detection 
After choosing the most appropriate measurement condi- 
tions for determining the compound under study, it was 
conducted to study the influence of analyte concentration 
using the following conditions (Table 1): 

The analytical performance of the differential pulse 
voltammetry (DPV) method developed for trans-[PtCl2 

(dimethylamine)(isopropylamine)] determination was eva- 
luated. From the voltammograms recorded for increasing 
amounts of trans-[PtCl2(dimethylamine)(isopropylamine)] 
using the optimized parameters described above, it is 
observed that the peak current increases with the analyte 
concentration in a large range (0.05 μg·mL–1 to 10 
μg·mL–1) with a good linearity according to ip(µA) = 
0.62C(μg·mL–1) + 6.63; r = 0.988 with an Er(%) = 0.88 
and R.S.D of 1,69% (n = 10 at 10 μg·mL–1 level). The 
minimum detectable amount was 102 μg·mL–1 while a 
concentration of 340 μg·mL–1 was calculated as determi- 
nation limit.  

It was proceeded in the same way when square wave 
voltammetry method was carried out. So, square-wave 
voltammograms were recorded for increasing amounts of 
trans-[PtCl2(dimethylamine) (isopropylamine)] in the op- 
timal conditions founds for its determination. The linear 
response was found in the 0.05 μg·mL–1 to 10 μg·mL–1 
range according to I = 1.059C (µg·mL–1) + 12.166; r = 
0.9902. The sensitivity of the method was inferred from 
the LOD (3σ) (9 1 ng·mL–1) and LOQ (10 σ) (303 
µg·mL–1) values. On the other hand, the R.S.D and Er 
values of 1.10% and 0.72% respectively (n = 10 at 18 
µg·mL–1 level) indicated the accuracy and reproducibility 
of the proposed method. 
 

Table 1. Condition for calibration curve. 

 pH
∆E 

(mV)
V 

(mV/s) 

Ionic 
strength 

(M) 

Differential pulse 
polarography 

8 50 25 0.5 

Square wave 
polarography 

8 50 
160 

(Frequency = 50 Hz, 
Scan increment = 2 mV)

0.5 

Copyright © 2013 SciRes.                                                                                AJAC 



C. S. H. DOMÍNGUEZ, P. HERNÁNDEZ 319

In light of the results, the electrochemical technique 
that we are going to be used in future studies will be 
square wave voltammetry. 

3.2. Studies with Cucurbit [6] Uril 

Once the previous electrochemical studies were per- 
formed, it was proceeded to add cucurbit [6] uril in a 1:1 
ratio with respect to the complex of platinum (II) that it is 
studied in this paper. The obtained results are summa- 
rized below. 

3.2.1. pH Influence 
It was proceeded in the same way when pH studywith 
CB [6] was carried out as when not using CB [6]. 

In this case, the optimal pH value was pH 3 (Figure 4). 
By representing the variation of peak potential with re- 
spect to pH (Figure 4(b)) there are two straight sections 
with a clear variation of the slope, indicating that the com- 
pound under study has one dissociation constant, which 
correspond to the values of K = 10–3.0. 

Figure 5 shows the corresponding cyclic voltammetry 
voltammograms when the bare electrode is used and 
when the work electrode is modified with CB [6]. 

When we compare the voltamograms obtained by cy- 
clic voltammetry at pH 3 (Figure 5) with and without 
CB [6] observed that the wave oxidation and reduction 
are defined and increases the reversibility of the electro- 
chemical oxidation. 

3.2.2. Determination of the Stoichiometry of the  
Complex 

The continuous variation method was employed in order 
to study the stoichiometry of the inclusion complex be- 
tween trans-[PtCl2(dimethylamine)(isopropylamine)] and 
cucurbit [6] uril. With this objective, a series of solutions 
with equal total concentration of 2.5 × 10–5 M, in which  
 

 

Figure 4. Influence of pH. 

 

Figure 5. Comparison of voltamograms obtained by cyclic 
voltammetry at pH 3. 
 
the mole ratio of the platinum complex ranged from 0 to 
1, were prepared in 0.5 M phosphate buffer pH = 3.0 and 
the corresponding square wave voltammograms were re- 
corded under the optimized conditions described above. 
From the plot (Ip-Ipo) (where Ipo and Ip are the trans- 
Pt(II)-CB [6] complex oxidation current in absence and 
in presence of CB [6] respectively) vs. the mole fraction 
of trans-Pt(II) (Xtrans-Pt(II)), a maximum at Xtrans-Pt(II) = 0.5 
indicates that the stoichiometry of the trans-Pt(II)-CB [6] 
complex is 1:1.  

Instrumental variables used in the electrochemical stu- 
dy of complex trans-Pt (II) with CB [6] agreed with those 
obtained in the previous study, that is without cucurbit [6] 
uril. 

3.3. Analytical Application 

Prior to the use of the method for determining the com- 
plex trans-[PtCl2(dimethylamine)(isopropylamine)] in urine, 
it is conducting a study of the inorganic salts present in a 
synthetic urine doped 10μg ml-1 and prepared in the la- 
boratory with the composition that is contained in Table 
2 [17]. 

To perform this experiment it was used the standard 
addition method, obtaining the equation ip (uA) = 
0.0664C (mg·mL–1) + 0.484, with a correlation coeffi- 
cient of R = 0.993, when there is no CB [6] in the solu- 
tion, and ip(uA) = 0.0232C(mg·mL–1) + 0,108, R = 0.997, 
when CB [6] is added. 

When the current data obtained are extrapolated into 
the equations of the calibration curve, the concentration 
of trans-[PtCl2(dimethylamine)(isopropylamine)] complex 
obtained is 9.70 µg·mL–1 (without CB [6]) and 9.64 
µg·mL–1 (with CB [6]). 
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Table 2. Synthetic urine composition. 

 NaCl KCl CaCO3 MgCl2.6H2O H2SO4 (98%) HCl (conc) NH4H2PO4 

[C] 5.08 g·L–1 2.86 g·L–1 0.31 g·L–1 0.42 g·L–1 0.67 mL·L–1 8.7 mL·L–1 3.09 g·L–1 

 
Given the suitability of the results, it was proceeded to 

determine the complex 
trans-[PtCl2(dimethylamine)(isopropylamine)] in human 
urine samples, the following procedure was used in the 
pretreatment of the sample and the subsequent action by 
square wave voltammetry (SWV). 

The sample is doped with an aliquot of 10 µg·mL–1 
trans-[PtCl2(dma)(ipa)] complex, then it is made the pre- 
cipitation of proteins with HClO4 1M. The precipitate is 
digested for 48 hours, filtered and the filtrate was then 
brought to pH = 3 buffer solution with 0.5 M and is per- 
formed by adding standard measurement by SWV. The 
plot of Ip versus [trans-[PtCl2(dma)(ipa)], shows the ex- 
cellent fit of the experimental data to the equations ip(µA) 
= 0.0619C (µg·mL–1) + 0.647, with a correlation coeffi- 
cient of R = 0.993, when there is no CB [6] in the solu- 
tion. And ip(µA) = 0.0207C (µg·mL–1) + 1.413, R = 
0.997, when cucurbit [6] uril was added. 

The procedure followed in the electrochemical study 
of human urine sample was the same as in the case of 
synthetic urine. By extrapolating the obtained data, the 
concentration of 
trans-[PtCl2(dimethylamine)(isopropylamine)] complex 
was 9.97 µg·mL–1 (without CB [6]) and 9.81 µg·mL–1 

(with CB [6]). 
The difference between the obtained data for human 

urine and synthetic urine can be caused because the ma- 
trix of human urine sample is much more complex than 
the synthetic urine matrix. 

4. Conclusion 

A sensitive square wave voltammetry (SWV) method to 
analyze trans-[PtCl2(dimethylamine)(isopropylamine)] com- 
plex has been developed and the mechanisms governing 
the electrochemical response have been elucidated. The 
proposed method can be applied to the determination of 
the studied Pt(II)-complex in biological fluids, with the 
inherent advantages of the electrochemical techniques, 
i.e., more economical and easy instrumentation with high 
accuracy and reproducibility as shown from the obtained 
results. 
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