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A high performance liquid chromatographic (HPLC) procedure has been developed for the determination of cisplatin, based o
olumn derivation of platinum(II) with reagentN,N′-bis(salicylidene)-1,2-propanediamine (H2SA2pn). The neutral platinum complex was extrac
oncentrated in an organic solvent and then injected (5�l) on a reverse phase HPLC column, Varian Micro-Pak SP C-18, 5�m (150 mm× 4.0 mm
.d.). The complex was eluted isocratically using a ternary mixture of methanol/acetonitrile/water (40/30/30, v/v/v) at a flow rate of 1.0 m
as determined by a UV detector set at 254 nm after elution. A detection limit was found to be 4.0 ng per injection. The amounts of p
lood serum and urine of cancer patients after administration of cisplatin were observed in a range of 221–298 ng/ml and 43–97 ng/ml w
tandard deviation (R.S.D.) of 3.6–4.6% and 3.5–4.8%, respectively. Preliminary metabolism profiles of Pt concentrations in blood and
he patients were established.
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. Introduction

Cisplatin (cis-diaminedichloroplatinum(II)) is one of many
nti-cancer drugs currently applied for the treatment of patients.
his platinum coordination compound altered the natural time
ourse of several human malignancies such as testicular, ovarian,
ladder, lung, gastric, head and neck cancer with a high cure rate

1–3]. It is believed that in the cell, cisplatin undergoes a hydrol-
sis reaction, and its hydrolysis products react with nuclear
argets, i.e. DNA[4]. However, in spite of its strong anti-cancer
otency, chemotherapy with cisplatin causes many serious side
ffects such as nephrotoxicity, orthotoxicity, nausea, vomiting,
europathy, allergy, etc.[5–7]. The nursing and medical staffs
re evidently concerned about the risks of hazardous exposure

∗ Corresponding author. Fax: +1 519 661 3022.
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such as increased urine mutagenicity, chromosome aberr
and increased hair loss, etc.[8]. It is therefore in urgent nee
to monitor the platinum concentrations in the human body
the dosage of cisplatin.

The determination of platinum in biological fluids at tra
levels has remained of analytical importance and practical
ests. A number of specific methods have been reporte
measure platinum in drugs and biological samples, inclu
inductively coupled plasma-mass spectrometry[9], total reflec-
tion X-ray fluorescence[10], flame less, electrochemical a
graphite atomic absorption spectrometry[10–13], neutron acti
vation analysis[14], polarography[15], spectrophotometry[16],
gas[17,18]and liquid chromatography (HPLC)[19–23].

HPLC determination of platinum involved mostly ion pair
ion exchange followed by post column and pre-column de
tion with suitable complexing ligands, including 1-hydroxy
pyridineethione[24], 8-hydroxyquinolate[25], benzylmethyldi
thiocarbamate, 2,2,6,6-tetramethylheptane-3,5-dione[26], qui-
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noxaline-2,3-dithiol [27], dichloro[(1R,2R)-1,2-cyclohexane-
diamine-N,N] [28], sulfonylcalix[4]arenetetrasulfonate[29], bis
(salicylaldehyde)tetramethylethylenediimine[20], bis(isovale-
rylacetone)ethylenediimine[30] and 2-acetylpyridine-4-pheny-
3-thiosemicarbazone[19] have been used.

The main objective of our present study was to find a sen-
sitive and selective reversed phase HPLC method for the deter-
mination of platinum in cisplatin, blood and urine samples
of cancer patients after chemotherapy with cisplatin. It was
found that the analytical procedure following complexation and
extraction of platinum with ligandN,N′-bis(salicylidene)-1,2-
propanediamine (H2SA2pn) is simple, specific, convenient and
cost-effective. The ligand H2SA2pn has been studied as a com-
plexation reagent for platinum(II), copper(II), nickel(II), pal-
ladium(II), vanadium(IV), cobalt(II), iron(II) and uranium(VI)
[31–37] and reverse phase HPLC determination and solvent
extraction of copper(II), iron(II) and uranium(VI)[38]. How-
ever, the reagent has not been examined for the HPLC determi-
nation of platinum based drugs according to our best knowledge.
In our investigation, the ligand formed a stable neutral colored
complex with platinum, which was extractable in chloroform.
The platinum complex was easily eluted from reverse phase
HPLC column with a mixture of methanol, acetonitrile and water
without adding supporting ions in mobile phase and determined
with high sensitivity, acceptable reliability and repeatability.
This method has many advantages over other existing analyt-
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entific) and well-stopped test tubes of Quick fit (UK) were used.
The standard solution of platinum was prepared by dissolving
requisite amounts of platinum(II) chloride in hydrochloric acid
(5 ml, 37%). The contents were heated on a hot plate, most
of the acid was evaporated and the residue was dissolved in
water.

The blood and urine samples of cancer patients on cisplatin
chemotherapy were collected from Victoria Hospital, London,
Ont., Canada after 2–10 h of infusion of cisplatin for blood sam-
ples and 8–24 h for the urine samples. The blood samples were
collected with a hypodermic syringe by vein puncture and kept
in −4◦C before analysis. The urine samples were collected in
clean plastic bottles. Micromax centrifuge (Thermo, IEC, Fisher
Scientific) was used.

2.2. Analytical procedures

An isocratic reversed-phase HPLC system consisting of a
Waters 510 HPLC pump (Waters, Mississauga, Ont., Canada),
connected with a Waters 717 plus autosampler and UV–Visible
Waters 486 tunable absorbance detector set at 254 nm and a
Hewlett-Packard 3390A Integrator (HP, Palo Alto, CA, USA)
with chart speed 0.4 cm/min were used. Separation of platinum
was performed on the Varian Micro-Pak column, 5�m, C-18
(150 mm× 4.0 mm i.d.) (Varian, Mississauga, Ont., Canada),
whose temperature was set at 24◦C. The analytical column was
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num determination with the selective tetradentate schiff
omplexing agent; the reasonable lower limit of detection
uantification and the high recovery and reproducibility. T
PLC study can bring insight into pharmacokinetics of cisp

n human blood and urine after chemotherapy. Few analy
ethods are reported for the analysis of cisplatin in human u

. Experimental

.1. Chemicals and apparatus

Cisplatin (CDDP) was purchased from Nippon Kayakli
td. (Tokyo, Japan). GR grade methanol, acetonitrile, sa

aldehyde, 1,2-propanediamine, ethanol,n-hexane, hydrochlo
ic acid, chloroform, platinum(II) chloride, trichloroacetic ac
nhydrous magnesium sulfate, sodium chloride, acetic
odium acetate, ammonium acetate, sodium carbonate
odium bicarbonate were purchased from Aldrich (Oakv
nt., Canada). Deionized water from Millipore, milli-Q pur
ation system (Bedford, MA, USA) was used throughout
ork. The buffer solutions in the pH range 1–10 at unit inte
ere prepared from hydrochloric acid (1 M), sodium chlo

1 M) for pH 1–2, acetic acid (1 M), sodium acetate (1 M)
H 3–6, ammonium acetate (1 M), acetic acid (1 M) for
and sodium carbonate (1 M), sodium bicarbonate (1 M

H 8–10. The pH measurements were made with a pH m
rom Orion, model 420 A, connected with a probe comb
lass electrode and saturated calomel electrode (Fisher

ific, Ottawa, Ont., Canada). The muffle furnace, autoclav
sher brand digital micro-pipette, model 5000 DG (Fisher
t-

l
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,
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n-

rotected by the YMC guard column 5�m, C-18 (10× 4.6 mm
.d.) (Waters, Mississauga, Ont., Canada). The mobile sy
onsists of methanol/acetonitrile/water (40/30/30, v/v/v) w
flow rate of 1.0 ml/min. A 30-min isocratic elution with t

luent was required to pre-equilibrate or re-equilibrate the
mn for the first run and between the runs, respectively.
utosampler was purged to ensure that there was no air
les in the system. Aliquots of sample (5�l) were injected
nto the column via the autosampler, which gave a pulse
al labeled as time zero to the integrator in recording c
atograms. The standard solution was also injected se

imes during a run to check the constancy of the reten
imes.

.3. Preparation of ligand

The reagent H2SA2pn was prepared by following a repor
ethod[32], as illustrated by the scheme inFig. 1. A solu-

ion of 2.44 ml of salicylaldehyde in 30 ml of methanol w
dded drop-wise to 1.46 ml of 1,2-diaminopropylene. The

ent was refluxed for 30 min on a water bath and the solven
emoved using a rotary evaporator. The remaining oily pro
as extracted three times withn-hexane, then dried overnig
ver anhydrous magnesium sulfate. The solution was fil
nd placed on an ice-salt bath at−10◦C. Fine yellow crystal
btained were filtered and dried. The ligand was recrystal

wice and the flash point was found to be 298◦C (reported
97◦C). The ligand characterized by elemental analysis fo
, 72.57; H, 6.44; N, 9.98% and requires C, 72.34; H, 6.38
.92%. An IR spectrum of the reagent was recorded on a Pe
lmer 1630 IR spectrophotometer (Perkin-Elmer, Boston,
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Fig. 1. Scheme for the synthesis of the ligandN,N′-bis(salicylidene)-1,2-propanediamine (H2SA2pn).

USA) within 4000–325 cm−1 using the KBr disc technique. The
elemental analysis was carried out at HEJ Research Center, Uni-
versity of Karachi, Sindh, Pakistan.

2.4. Solvent extraction of platinum

The solution (1–5 ml) containing platinum(II) (0–100�g)
was transferred to well-stopped test tubes where sodium carbon-
ate/sodium bicarbonate buffer pH 8 (2 ml) and reagent H2SA2pn
solution (2 ml, 1% (w/v) in ethanol) were added. The mixture
was first heated on a water bath at 75◦C for 15 min to complete
the complexation reaction shown inFig. 2 and then cooled to
room temperature. Chloroform (4.0 ml) was added and the two
phases were mixed well by shaking vigorously. After standing
the shaken mixture for 15 min the organic layer, was separated
and transferred into a sample vial. The solvent was removed and
the residue was dissolved in methanol (3.0 ml). The sample vial
was placed in a carousel of the autosampler for further separation
and analysis.

2.5. Extraction of platinum in cisplatin

Hydrochloric acid (4 ml, 37%) was added to 1 g of cisplatin
and the mixture was gently heated on a hotplate where most of
the acid was evaporated. The residue was dissolved in water and
t tion
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f
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in a beaker and hydrochloric acid (4 ml, 37%) was added. The
solution was heated on a hot plate to near dryness and the residue
was dissolved in water (6.0 ml). The pH of the solution was
adjusted to 6–7 and the extraction procedure was followed as in
Section2.4.

2.7. Percent recovery of cisplatin from blood samples

Blood samples (5 ml) from two patients, before the infusion
of cisplatin were collected. The blood samples were spiked
with cisplatin (50 and 100�g) and protein was removed by
the procedure as in Section2.6. After the removal of pro-
tein, the remaining procedure was followed as in Section2.4.
The amount of platinum(II) was calculated from a calibration
curve.

2.8. Extraction of platinum in urine samples

To a urine sample (400 ml) in a silica crucible, hydrochloric
acid (50 ml, 37%) was added and the solution was concentrated
on a hotplate. The crucible was then placed in a muffle furnace
and the sample was ashed by following an 8-h temperature pro-
gram: 200◦C for 1 h, 250◦C for 1 h, 350◦C for 2 h, 450◦C for
1 h and finally 800◦C for 3 h. After cooling, the residue was
dissolved in water (8 ml) and hydrochloric acid (2 ml, 37%) was
a 5 ml
w ample
v pH
w wed
a

2

nfu-
s iked
w

of p
he volume was adjusted to 25 ml. A 5 ml portion of the solu
as taken and the complexation and extraction procedure

ollowed as described in Section2.4.

.6. Extraction of platinum in blood samples

The blood sample (6.0 ml) was added to trichloroacetic
3.0 ml, 10% (w/v) in water) in a centrifuge tube. The mixt
as centrifuged at 19,000× g for 30 min and the supernata

ayer was collected. Methanol (7 ml) was added and the mi
as again centrifuged for 15 min. The top layer was colle

Fig. 2. Complexation reaction
s
dded. The solution was slowly heated just to dryness, then
ater was added and the sample was transferred to a s
ial. The crucible was rinsed twice with water (6 ml) and the
as adjusted to 6. A further extraction procedure was follo
s in Section2.4.

.9. Percentage recovery of cisplatin from urine samples

Urine samples (400 ml) from two patients, before the i
ion of cisplatin were collected. The urine samples were sp
ith cisplatin (50 and 100�g) and processed as in Section2.2.

latinum(II) with H2SA2pn ligand.
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After digesting the urine samples, the remaining procedure was
followed as in Section2.4. The amount of platinum(II) was cal-
culated from a calibration curve.

3. Result and discussion

3.1. Complexation reaction, interaction with mobile phase
and linearity

An elemental analysis and the IR of the reagent H2SA2pn
indicated an absorption spectra as could be expected from its
structure and the reagent was found to react with platinum(II) to
form a highly stable colored complex (Fig. 2), which was eas-
ily extracted in chloroform. The effect of pH on the extraction
of platinum with H2SA2pn was examined. It was observed that
transfer of platinum from the aqueous to organic phase occurred
within the pH range of 3–10, but H2SA2pn showed better extrac-
tion at pH 8. The reaction is easy and can be carried out at all
concentrations.

A platinum(II) complex of H2SA2pn was injected on to the
reverse phase column and was eluted isocratically with a ternary
mixture of methanol/acetonitrile/water (40/30/30, v/v/v). The
flow rate of the mobile phase was set at 1.0 ml/min and the
wavelength of the absorbance detector was fixed at 254 nm,
because at this wavelength the platinum complex gave a max-
imum absorbance. The ligand HSA pn was carried down the
c in,
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Fig. 3. HPLC separation of H2SA2pn (1) and its platinum complex (2) on a
reverse phase Varian Micro-Pak. SP, C-18 column, 5�m (150× 4.0 mm i.d.
elution was carried out using methanol/acetonitrile/water (40/30/30, v/v/v, %)
at flow rate of 1.0 ml/min. UV detection wavelength was set at 254 nm.

inum present in these samples was evaluated from the standard
addition calibration method.

The cisplatin, blood and urine samples were digested in
acid, because cisplatin contains two chlorides and reacts with
H2SA2pn to form a yellow color. A decrease in the absorbance
was due to two amino groups attached to platinum[19]. The
amount of platinum in cisplatin medicine was first deter-
mined under the given set of HPLC conditions. The platinum
in the cisplatin injection was 6.31 mg/injection, correspond-
ing to 9.78 mg/cisplatin injection with relative standard devi-
ation (R.S.D.) of 3.9%, agreed to the medicine specification
(10 mg/dose).

The blood samples were collected after 2.0, 4.0, 6.0, 8.0
and 10 h from patients after infusion of cisplatin 60 mg/m2.
The blood samples were immediately deproteinized by
trichloroacetic acid and cold methanol. The amount of platinum
was found to be 298, 276, 261, 238 and 221 ng/ml, respectively,
with R.S.D. in a range of 3.6–4.6% (Table 1). These analysis
results indicated that the concentration of platinum in blood
decreased in the metabolism process in the period of 2–10 h
after cisplatin infusion, because in plasma cisplatin bind irre-
versibly to protien. Due to this process cisplatin have a short life
in blood and plasma[4].

The blood samples (5 ml) of two patients before the
chemotherapy treatment of cisplatin were analyzed for the con-
tents of platinum using standard addition technique by adding
2 2
olumn first by the eluent with a retention time of 3.53 m
ecause its polarity is greater than the platinum complex.
eutral platinum complex moved down with a retention t
.43 min and showed a symmetrical peak (Fig. 3). It is clear

hat the two compounds were well separated and the ligan
ot interfere with the quantitative determination of platin
he total analysis time of platinum by HPLC in this way w
.5 min and can be used conveniently for simple and fast me
iagnosis.

Reproducibility of the elution of platinum(II) complex
erms of average peak height and retention time (n = 5) with
0�g/ml was examined and R.S.D. obtained were 2.0 and 1
he effect of copper, uranium, nickel, iron and palladium

he extraction and determination of platinum(II) levels was
nvestigated. It was observed that these metals were sep
nd did not affect the quantitative determination of platinum

evels.
A linear calibration curve for platinum was obtained w

–100�g/3 ml with a coefficient of determinationr2, of 0.998
he detection limit measured as three times background
as corresponding to 4.0 ng/injection (5�l). The limit of quan-

ification was 3�g/3 ml. The analysis of the test solution
latinum indicated relative error within 3.0%.

.2. Determination of platinum content in cisplatin, blood
nd urine samples of cancer patients

Due to the reasonable lower limit of quantification,
pplied this method for the determination of platinum in
latin, blood and urine samples of cancer patients afte

nfusion of cisplatin at the nanogram level. The amount of p
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Table 1
Analysis of platinum in blood samples of cancer patients after injection of cisplatin

Infusion time (h) Type of cancer Age (years) and sex (M/F) Dose of cisplatin infused (mg) Amount found of Pt(II) (ng/ml) R.S.D (%) (n = 4)

2 Testicular 38 (M) 60.0 298.0 4.6
4 Testicular 47 (M) 60.0 276.0 4.3
6 Larynx 71 (F) 60.0 261.0 3.6
8 Esophagus 63 (M) 60.0 238.0 3.9

10 Vaginal 54 (F) 60.0 221 4.1

Table 2
Analysis of platinum in urine samples of cancer patients after infusion of cisplatin

Infusion time (h) Type of cancer Age (years) and sex (M/F) Dose of cisplatin infused (mg) Amount found of Pt(II) (ng/ml) R.S.D (%) (n = 4)

8 Testicular 38 (M) 60.0 43.0 3.7
12 Testicular 47 (M) 60.0 59.0 4.8
16 Testicular 71 (M) 60.0 68.0 4.3
20 Esophagus 63 (M) 60.0 75.0 3.5
24 Vaginal 54 (F) 60.0 97.0 4.5

50 and 100�g of cisplatin and was proceeded as general ana-
lytical procedures. The amount of cisplatin recovered from the
serum was observed to be 95.5 and 94.5% with R.S.D. 3.2 and
2.8% for samples 1 and 2, respectively. These results indicated
that our method for the determination of platinum is accurate.
Recovery of platinum was 95% obtained.

The blood samples from the patients after administration of
cisplatin were also analyzed for the contents of platinum using
standard addition technique. The blood samples were taken 2 h
after infusion of 60 mg/m2 cisplatin and spiked with 5.0�g of
platinum to the samples 1 and 2. The amounts of platinum found
were 314 and 287 ng/ml with R.S.D. of 4.2 and 3.7% for samples

1 and 2, respectively.Fig. 4shows typical chromatograms before
(a) and after (b) the standard addition to sample 1. These values
agreed well with those measured with the standard calibration
method as showed inTable 1and cisplatin spiked blood samples,
before the infusion of cisplatin.

Finally urine samples obtained from a patient with different
intervals of 8–24 h after an infusion of cisplatin were analyzed.
The sample obtained after 8 h contained 43 ng/ml of platinum
compared to 97 ng/ml after 24 h with R.S.D. in the range of
3.4–4.8% (Table 2). The analysis results in the urine samples
showed that patients treated with cisplatin released some amount
of platinum and this release was increased with time.

F samp m
s is for tions
a

ig. 4. Typical chromatograms for total analysis of platinum from blood
erum; (b) blood serum as in (a) spiked with 5.0�g platinum chloride. Peak 1

re the same as inFig. 3.
le 1 using complexation extraction and HPLC determination. (a) Platinuin blood
ligand H2SA2pn and peak 2 platinum complex. Elution and detection condi
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Fig. 5. Linear calibration plot for the method of standard additions to determine
platinum in human urine after administration of cisplatin drug. Five aliquots of
the urine sample 2 (100 ml) were spiked with 15–75�g of platinum chloride.
Further separation and analysis conditions are the same as inFig. 3. Vs is the
added volume of standard solution of platinum in form of PtCl2.

Fig. 6. Pt concentration profiles in blood (�) and urine (©) versus the time
elapsed after infusion of cisplatin to cancer patients.

The urine samples from two patients before the infusion of
cisplatin were also spiked with 50 and 100�g of cisplatin. The
amount of cisplatin recovered was found to be 94.0 and 94.5%
with R.S.D. 3.5 and 3.7% in samples 1 and 2, respectively.

The urine samples (100 ml) were also analyzed for the con
tents of platinum using standard addition method by adding
15–75�g of platinum. The amount of platinum was found to
be 63.84 ng/ml with R.S.D. 4.5%.Fig. 5shows a typical linear
calibration plot for the standard addition method.

Fig. 6 summarizes the platinum concentration profiles, in
blood and urine from the patients after administration of cis-
platin, changing with time elapsed. The platinum amount in
the blood decreased in the metabolism process in the perio
of 2–10 h after cisplatin infusion. In contrast, platinum was par-
tially released in urine of the patient and the release process wa
accelerated during the course of 8–24 h after the dose of cis
platin. The platinum concentration profiles shown here are very
promising for preliminary characterization of the pharmacoki-
netics of the cisplatin medicine, which in turn can lead to a bette
understanding of the mechanisms of its toxicity and efficacy.

4. Conclusion

A simple and sensitive method has been developed for th
determination of platinum in body fluids based on pre-column
c a

reverse phase column Micro-Pak. SP, C-18 with packing size
5�m and 150 mm in length, 4.0 mm inside diameter). The detec-
tion limit was 4 ng per injection obtained (5�l). The method was
applied to determination of platinum in cisplatin medicine, blood
and urine samples from patients after chemotherapy treatment
with cisplatin.
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