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a b s t r a c t

A micellar electrokinetic chromatography (MEKC) method was developed for the determination of cis-
platin, carboplatin, and oxaliplatin in pharmaceutical formulations. The background electrolyte consisted
of a phosphate buffer (pH 7.0; 25 mM) with sodium dodecyl sulfate (80 mM). The applied voltage was
30 kV and the sample injection was performed in the hydrodynamic mode. All analyses were carried out
in a fused silica capillary with an internal diameter of 50 �m and a total length of 64.5 cm. The detection of
target compounds was performed at 200 nm. Under these conditions, a complete separation of cisplatin,
eywords:
nticancer drugs
apillary electrophoresis
latinum drugs
icellar electrokinetic chromatography

MEKC)

carboplatin and oxaliplatin was achieved in less than 10 min. The MEKC-UV method was validated and
trueness values between 99.7% and 100.8% were obtained with repeatability and intermediate precision
values of 0.7–1.4% and 1.1–1.7%, respectively for the three drugs. This method was found appropriate
for controlling pharmaceutical formulations containing platinum complexes and successfully applied in
quality control at the Geneva University Hospitals.
uality control
alidation

. Introduction

Platinum complexes belong to the most widely used drugs in
ancer chemotherapy treatment and possess a pronounced activity
n different cancer types by binding to the DNA and modify-
ng its structure. Cisplatin, carboplatin, and oxaliplatin are the

ost important worldwide clinically approved platinum com-
ounds (Fig. 1). Cisplatin was the first used platinum complex
ith a pronounced activity in testicular and ovarian cancers. The

elated analogs, carboplatin and oxaliplatin, were developed later
o reduce the problematic side effects of cisplatin (nephrotoxicity,
totoxicity, peripheral neuropathy, etc.). Carboplatin is used in the
reatment of advanced ovarian cancer and lung cancer, while oxali-
latin is licensed for the treatment of metastatic colorectal cancer

n combination with fluorouracil and folinic acid [1].
Despite the use of platinum compounds for several decades,
here are only few published analytical methods. As reported
n the review by Espinosa Bosch et al., different techniques

ere developed for the determination of cisplatin, such as
erivative spectrophotometry, phosphorescence, atomic absorp-
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E-mail address: sandrine.fleury.souverain@hcuge.ch (S. Fleury-Souverain).
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© 2011 Elsevier B.V. All rights reserved.

tion spectrometry, gas chromatography, capillary electrophoresis
(CE) and high performance liquid chromatography (HPLC)
coupled with different detectors (UV–vis, electrochemical, induc-
tively coupled plasma–atomic emission spectrometry, inductively
coupled plasma–mass spectrometry (ICP–MS) or electrospray
ionization–mass spectrometry) [2]. Regarding carboplatin and
oxaliplatin, no specific reviews about analytical methods have been
published to the author’s knowledge. Most common techniques for
these compounds are HPLC or CE coupled to UV–vis or MS detec-
tion. During the last years, ICP–MS has become very popular for the
determination of the three platinum compounds in environmental,
biological, and clinical samples [2].

According to Hartinger et al., CE has emerged as the method
of choice for the separation of intact platinum metal complexes
and their metabolites due to its high efficiency, versatility and gen-
tle separation conditions for metal complexes [3–5]. Analysis of
anticancer drugs by CE appears to be very interesting due to the
toxicity of these compounds, because the separation is performed
in a closed system and the waste volume is on the �L range.
The three tested platinum drugs are non-charged coordination
complexes. Therefore, simple CZE is not adapted for resolving these
compounds and other separation techniques are necessary, such as
micellar electrokinetic chromatography (MEKC) or microemulsion
electrokinetic chromatography (MEEKC). In MEKC, an ionic surfac-

dx.doi.org/10.1016/j.jpba.2011.01.029
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
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ant, generally sodium dodecyl sulfate (SDS), is added to the BGE
t a higher concentration than its critical micelle concentration
nd micelles act as pseudo-stationary phase allowing solute par-
ition simultaneously to electrophoretic process [6]. MEEKC has a
imilar operating principle except that a microemulsion (ME) is
sed. As reported in several studies, MEEKC may present advan-
ages over MEKC such as enhanced solubilization power and an
nlarged migration window [7,8].

The main publications dedicated to the analysis of platinum
rugs with MEKC or MEEKC were developed for biological stud-

es, such as clinical sample analysis [9], drug–protein [10–14] and
rug–DNA (or nucleotides) binding studies [15–19] or for chemical
tudies [20,21]. Usually, UV spectrophotometry was used for the
etection of platinum drugs with MEKC or MEEKC even if ICP–MS
as also reported to enhance selectivity and sensitivity [22].

For quality control of pharmaceutical formulations, UV detec-
ion was found sufficient in terms of sensitivity because the limit of
uantification of platinum compounds was inferior to their concen-
ration in drug products. To our knowledge, only one MEKC method
as been reported in the literature for quality control of platinum

ormulations and no complete validation was performed [23].
At the pharmacy of the Geneva University Hospitals (HUG), more

han 20% of prepared chemotherapies are platinum formulations
including cisplatin, carboplatin, and oxaliplatin). The role of the
ospital pharmacy is to dilute or dissolve commercially available
harmaceutical formulations in appropriate conditions to ensure
he protection of nurses and the sterility of the injectable solution.
or the quality control of such reconstituted formulations, a method
or the determination of these compounds is necessary.

The objective of this study was to develop and validate a simple
EEKC or MEKC–UV method to determine cisplatin, carboplatin,

nd oxaliplatin in pharmaceutical formulations and to apply it in
uality control.

. Experimental

.1. Chemicals

The study was performed with the following commercially
vailable cytotoxic drugs (see Fig. 1): Cisplatin Ebewe® 1 mg mL−1

as purchased from Sandoz Pharmaceuticals SA (Steinhausen,
witzerland) and Carboplatin Teva® 10 mg mL−1 from Teva Pharma
G (Aesch, Switzerland). Eloxatin® (containing oxaliplatin, 50 mg)
as obtained from Sanofi-Aventis (Meyrin, Switzerland) and

econstituted with glucose 5% from Sintetica-Bioren SA (Couvet,
witzerland) to obtain a final concentration of 5 mg mL−1.

Caffeine citrate used as internal standard (IS) was purchased
rom Fagron GmbH (Barsbüttel, Germany).

Concentrated phosphoric acid and NaOH 1 M were obtained

rom Merck (Darmstadt, Germany), sodium dodecyl sulfate (SDS)
rom Fluka (Buchs, Switzerland) and ultra-pure water was supplied
y a Milli-Q Plus unit from Millipore (Bedford, MA, USA). n-heptane
as purchased from Merck (Darmstadt, Germany), n-octane and

Fig. 1. Structures of cisplatin, carboplatin and oxaliplatin.
nd Biomedical Analysis 55 (2011) 253–258

n-butanol from Fluka (Buchs, Switzerland). Ceofix® kit was from
Analis (Suarlée, Belgium).

Water for injection and NaCl 0.9% used in the preparation of
pharmaceutical formulations were obtained by Bichsel laboratories
(Interlaken, Switzerland) and glucose 5% was from Sintetica-Bioren
SA (Couvet, Switzerland).

2.2. BGE preparation

For MEEKC, different microemulsions (ME) were prepared from
a 20 mM phosphate buffer set at pH 2.0, 7.0 and 10 mM borate buffer
set at pH 9.0. Different ratios of SDS, n-butanol and n-octane or n-
heptane were tested: 6.6% (w/v) n-butanol, 3.3% (w/v) SDS, and
0.78% (w/v) n-heptane; 7.3% (w/v) n-butanol, 2.3% (w/v) SDS, and
0.82% (w/v) n-octane; 6.6% (w/v); n-butanol, 3.3% (w/v) SDS, and
0.78% (w/v) n-octane. SDS was partially dissolved in approximately
80% of the buffer before adding n-butanol and n-heptane. The mix-
ture was then carefully shaken until SDS was completely dissolved,
and the remaining buffer added. The solution was left to stand for
1 h at room temperature. Before use, the ME was filtered through a
0.45 �m microfilter (BGB Analytik, Böckten, Switzerland). The ME
was stored at room temperature and remained stable for at least
one week.

For MEKC, different BGEs were tested: borate (pH 9.2; 50 mM)
with SDS (80 mM); acetate (pH 4.75; 50 mM) with SDS (80 mM),
phosphate (pH 7.0) with different buffer concentration (10, 25 and
50 mM) and SDS concentration (30, 60 and 80 mM). The final com-
position consisted of 25 mM phosphate at pH 7.0 with 80 mM SDS.
The aqueous BGE was prepared by an adequate dilution of the con-
centrated acidic solution, and a volume of NaOH 1 M was added to
adjust the solution at pH 7.0. The solution was then diluted to the
final volume with water and SDS dissolved to obtain a final con-
centration of 80 mM. The BGE was degassed in an ultrasonic bath
for 10 min before use.

2.3. Instrumentation

CE experiments were carried out with an HP3DCE system
(Agilent Technologies, Waldbronn, Germany) equipped with a
diode-array detector, an autosampler and a power supply able to
deliver up to 30 kV. A CE ChemStation (Agilent) was used for CE
control, data acquisition and data handling.

Analyses were performed in uncoated fused silica (FS) capillar-
ies from BGB Analytik AG (Böckten, Switzerland) with an internal
diameter (i.d.) of 50 �m, an outside diameter (o.d.) of 375 �m and
a total length of 64.5 cm (effective length of 56.5 cm).

The capillary was thermostated at 25 ◦C in a high velocity air
stream and a voltage of 30 kV was applied in the positive mode.
The generated current was between 20 and 70 �A depending on the
BGE. Samples were kept at ambient temperature in the autosampler
and injected in the hydrodynamic mode to fill approximately 1% of
the effective capillary length (40 mbar for 10 s). The detection was
achieved at 200 nm with a band width of 10 nm and a response time
of 0.1 s.

Before first use, FS capillaries were sequentially rinsed with
methanol, 0.1 M NaOH, water, methanol, 0.1 M HCl, water and BGE
for 5 min. Prior to each sample injection, the capillary was rinsed
by pressure (940 mbar) for 3 min with fresh BGE ensuring good
repeatability of migration times. When not in use, the capillary was
washed with water and methanol. As the electrophoresis process

altered the running buffer pH by electrolysis, the separation buffer
was refreshed every six runs at the inlet and outlet vials.

For MEEKC performed at pH 2, the capillary was coated with
Ceofix® according to the publication of Henchoz et al. [24] to ensure
a high EOF at low pH. Before an analytical series, several wash-
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ig. 2. Electropherogram obtained for the MEEKC–UV analysis of standard samples
GE: 20 mM phosphate at pH 7.0 with 6.6% (w/v) n-butanol, 3.3% (w/v) SDS, and 0
ection 2.3.

ng steps (1 bar) were carried out: water (1 min), Ceofix® initiator
1 min), Ceofix® accelerator (1 min), BGE (5 min), and then the sep-
ration voltage (20 kV) was applied for 5 min. Prior to each sample
njection (preconditioning step), the capillary was rinsed (1 bar)

ith BGE for 3 min. No postconditioning was performed.

.4. Method validation

A validation was performed to estimate quantitative parameters
f the method for the analysis of cisplatin, carboplatin, and oxali-
latin in pharmaceutical formulations. The validation was based
n ICH guidelines following the recommendations of the Société
rançaise des Sciences et Techniques Pharmaceutiques (SFSTP)
25]. Quantitative performance was estimated in three separate
eries (j = 3) with the V2 protocol. This protocol involves three
oncentration levels (k = 3) with two repetitions (n = 2) for cali-
ration standards (CS) and three concentration levels (k = 3) with
our repetitions (n = 4) for validation standards (VS). Each series
nvolved the injection of a freshly prepared BGE, complete wash-
ng of the capillary with water and methanol, and instrument
hut-off. Caffeine citrate was used as internal standard (IS). Cal-
ulations were performed using normalized area (area/migration
ime) ratios of the three platinum drugs on the internal stan-
ard.

.5. Sample preparation

All solutions were prepared in appropriate conditions for han-
ling hazardous compounds as cytotoxic agents. Moreover, the
evelopment of the method was performed with drug specialities
o avoid direct contact of the operator to cytotoxic powder and
o minimize contamination risk by preparing working solutions.
or the validation, standard solutions of cisplatin and oxaliplatin
ere compared with pharmacopeia reference standards and no
ifference between the electropherograms was observed (data not
hown). Therefore, the validation was also performed with drug
pecialities.

CS and VS were independently prepared for each platinum com-
ound. For stability reasons and to avoid drug interactions, the
hree platinum complexes were separately analysed. Cisplatin was
repared in NaCl 0.9% to avoid hydrolysis, while carboplatin is mod-

fied to cisplatin in presence of chloride. The IS stock solution was
repared by dissolving caffeine citrate in ultra-pure water at a con-
entration of 1.0 mg mL−1. CS and VS were stable for at least three
ays at 25 ◦C and no degradation was observed during the analysis.
.5.1. Calibration standard
For CS, three concentration levels at 0.05, 0.5, and 1 mg mL−1

f cisplatin, carboplatin, and oxaliplatin were prepared by diluting
he appropriate volume of drug specialities in water. 50 �L of caf-
ining cisplatin, carboplatin, and oxaliplatin at 0.5 mg mL−1 in an aqueous solution.
/v) n-heptane. Voltage: 20 kV. All other experimental conditions are described in

feine citrate at 1 mg mL−1 (IS) was added to 500 �L of the prepared
solutions.

2.5.2. Validation standard
For VS, three concentration levels at 0.05, 0.5, and 1 mg mL−1

of cisplatin, carboplatin, and oxaliplatin were prepared by diluting
the appropriate volume of drug specialities in NaCl 0.9% for cisplatin
and glucose 5% for carboplatin and oxaliplatin. 50 �L of caffeine cit-
rate at 1 mg mL−1 (IS) was added to 500 �L of the prepared sample.

2.6. Application to pharmaceutical formulations

Cisplatin, carboplatin, and oxaliplatin were determined in phar-
maceutical formulations prepared by the HUG pharmacy. The
formulations were diluted in distilled water to obtain a final con-
centration between 0.05 and 1 mg mL−1 of the platinum compound.
Quantitative analyses were repeated in duplicate for each formu-
lation.

3. Results and discussion

3.1. Method development

3.1.1. Microemulsion electrokinetic chromatography (MEEKC)
To ensure the identity of the platinum compound in formula-

tions, separation of the three drugs was mandatory. Different MEs
were tested: 20 mM phosphate at pH 2.0 and pH 7.0, 20 mM borate
at pH 9.0, with different ratios of SDS, n-butanol, n-octane and n-
heptane, respectively. Among the tested experimental conditions,
best separation of the three platinum compounds was obtained
with a phosphate ME at 20 mM and pH 7.0, 6.6% (w/v) n-butanol,
3.3% (w/v) SDS, and 0.78% (w/v) n-heptane and an applied voltage
of 20 kV (Fig. 2). Analysis time was long (20 min), but high resolu-
tion between the three compounds (>7) and good efficiency was
obtained (N > 70,000). With the phosphate ME at pH 2.0, resolution
between cisplatin and carboplatin was lower (Rs ∼ 2) and analysis
time was inferior to 10 min for all compounds due to Ceofix® coat-
ing. Similar efficiency was obtained for all compounds (N > 70,000).
With the borate ME at pH 9.0, also good separation was obtained,
but a better stability of platinum complexes was observed at lower
pH [4]. The tested ratios of SDS, n-heptane, n-octane and n-butanol
did not influence the separation significantly (data not shown).

For oxaliplatin, two peaks were observed in all selected con-
ditions. The experiments were performed with the commercially
available Eloxatin and the second peak was supposed to be an addi-

tive or impurity present in the formulation. Therefore, the analysis
was repeated with a Pharmacopeia Reference Standard of oxali-
platin and with the Pharmacopeia Impurities A, B, C and D. The
same electropherogram was obtained with the Reference Standard
as with Eloxatin. Impurity A was not detected in the separation
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ig. 3. Electropherograms obtained for the MEKC–UV analysis of a standard samp
.1 mg mL−1 in an aqueous solution. BGE: 25 mM phosphate at pH 7.0 with SDS 80 m

indow. Impurities B and C were completely separated from oxali-
latin and did not migrate with the unknown peak. No resolution
etween oxaliplatin and the Impurity D, corresponding to the S–S
nantiomer, was observed (data not shown). Thus, these experi-
ents demonstrated that the second peak observed for oxaliplatin
as not due to impurities or additives present in the formulation.

To exclude a degradation of oxaliplatin due to the separation
onditions (20 kV, 25 ◦C), instrument parameters were modified
nd different conditions of voltage (15 kV and 30 kV) and temper-
ture (15 ◦C and 35 ◦C) were applied. However, no difference was
btained for the second peak of oxaliplatin (data not shown). MEs
ere also prepared with solvents from different origins, to exclude
reaction between oxaliplatin and an impurity in the BGE system.
ith all tested MEs, both peaks for oxaliplatin were observed.
Some hypotheses found in the literature could explain this

ehavior. Oxaliplatin possesses a 1,2-diaminocyclohexane (DACH)
arrier ligand and according to Tyagi et al. [26], several con-
ormers coexist at room temperature, which might explain the
resence of a second peak for oxaliplatin with MEEKC. Another
tudy reported intramolecular transformations of platinum com-
lexes with aminoalcohol ligand and the possibility of separating
ingly ring-opened and doubly ring-opened species. This appar-
ntly takes place due to the shifting of the equilibrium toward the
ing-opened species induced by adduct formation between SDS and
he platinum complex [27]. But to our knowledge, this behavior
as never been reported for oxaliplatin. Moreover, in the following
xperiments with MEKC, only one peak was observed for oxali-
latin.

Another problem of the MEEKC method might be the quantifi-
ation of platinum drugs in very low concentrated formulations,
specially for preparations containing cisplatin, because of insuffi-
ient sensitivity. Given the presence of two peaks for the analysis
f oxaliplatin and the limited sensitivity, an alternative strategy
ased on MEKC was investigated to perform the quality control of
latinum drugs in hospital formulations.

.1.2. Micellar electrokinetic chromatography (MEKC)
Different BGEs were tested including borate, phosphate and

cetate buffer at different concentrations, pH and SDS concen-
rations. At increased pH value, platinum complexes can be
ydrolyzed [4] and therefore, the borate BGE (pH 9.2) was excluded.
owever, with acetate BGE (pH 4.5) cisplatin was co-migrating

ith the EOF. Finally, a phosphate buffer (pH 7.0) was chosen as

ompromise and no degradation was observed during the analysis.
The first analyses were performed with a buffer concentration of

0 mM. Nevertheless, to improve the resolution between cisplatin,
arboplatin, oxaliplatin and EOF, buffer solutions with different
min8 10 min8 10

taining cisplatin, carboplatin, and oxaliplatin at 0.5 mg mL−1 with caffeine (IS) at
ll other experimental conditions are described in Section 2.3.

molarities (25, 50 mM) and different SDS concentrations (30, 60,
80 mM) were studied. Among the tested BGEs, best separation was
obtained with 25 mM phosphate and 80 mM SDS. Analysis time was
inferior to 10 min and acceptable resolution (Rs > 4) and efficiency
(N ∼ 70,000) was obtained for all compounds. Under these condi-
tions the generated current was still acceptable (∼50 �A). With
higher SDS amount, the generated current was too high and capil-
lary breakdown was observed.

The separation between the three platinum drugs was also stud-
ied in presence of 5, 10 and 20% of acetonitrile. As reported, solvent
modified MEKC could sometimes achieve better separation condi-
tions [28,29]. For oxaliplatin, the migration time decreased with
increased ACN concentration. But the resolution between cisplatin
and carboplatin was also lowered with ACN (data not shown).
Therefore, a purely aqueous phosphate BGE (pH 7.0; 25 mM) con-
taining 80 mM of SDS was selected (Fig. 3 ).

Comparing to MEEKC, the selected MEKC method presented
similar efficiency and shorter analysis time. Moreover, better sen-
sitivity allowed the analysis of low concentrated formulations.
Therefore, the MEKC method was selected for quality control of
pharmaceutical formulation and a complete validation was per-
formed.

3.2. Method validation

The concentrations of the prescribed platinum drugs at HUG
were considered for the determination of the concentration range
used in the validation. For cisplatin, concentrations between
0.05 and 0.4 mg mL−1 (median: 0.16 mg mL−1), for carboplatin 0.1
and 2.5 mg mL−1 (median: 1.4 mg mL−1) and for oxaliplatin 0.1
and 1.0 mg mL−1 (median: 0.4 mg mL−1) were prescribed in 2009.
In order to decrease the number of manipulations with toxic
compounds, formulations were injected with simple or without
dilution. Therefore, the concentration range was fixed from 0.05
to 1 mg mL−1 for all three compounds. Caffeine citrate chosen as IS
was detected between carboplatin and oxaliplatin.

The calibration curve was obtained for each series with conven-
tional least-squared linear regression using the three concentration
levels (0.05 mg mL−1, 0.5 mg mL−1 and 1.0 mg mL−1). After estab-
lishing the calibration curves for each series, concentrations of VS
were computed from the analytical response to obtain trueness,
repeatability and intermediate precision. Trueness was expressed

(in percentage) as the ratio between theoretical and average
measured values at each concentration level. Repeatability and
intermediate precision were expressed as the relative standard
deviation (RSD%), i.e., the ratio of the intra-day standard devia-
tion (sr) and between-day standard deviation (sR), respectively,
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Table 1
Validation results: trueness, repeatability and intermediate precision of the devel-
oped MEKC–UV method for the analysis of cisplatin, carboplatin and oxaliplatin in
pharmaceutical formulations.

Theoretical concentration
[mg mL−1]

Trueness Repeatability
(RSD)

Intermediate
precision (RSD)

Cisplatin
0.05 100.6% 1.0% 1.7%
0.5 100.1% 0.7% 1.4%
1 100.8% 1.1% 1.1%

Carboplatin
0.05 100.7% 0.8% 1.6%
0.5 100.0% 0.7% 1.4%
1 99.7% 0.7% 1.3%

Oxaliplatin
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cisplatin
5%

0%

-5%

0 0.2 0.4 0.6 0.8 1

carboplatin
5%

b
ia

s 0%

0 0.2 0.4 0.6 0.8 1

oxaliplatin

-5%

5%

0%

0 0.2 0.4 0.6 0.8 1

concentration [mg mL-1]

-5%
0.05 100.2% 1.4% 1.4%
0.5 99.9% 0.9% 1.3%
1 100.3% 1.3% 1.4%

n the theoretical concentrations [30]. The sr and sR values were
btained using ANOVA analysis. As reported in Table 1, trueness
nd precision values were in accordance with recommendations
or the analysis of pharmaceutical formulations over the tested
oncentration range. The RDS (repeatability and intermediate pre-
ision) was lower than 2%, with trueness values between 99.7 and
00.8%. To visualize the overall method variability, the accuracy
rofile was built combining trueness and intermediate precision
s the confidence interval [31]. As presented in Fig. 4, the total
rror did not exceed acceptance limits (±5%) for all concentration
evels. Consequently, the developed MEKC–UV method could be
onsidered accurate for the three platinum drugs over the tested
ange.

.3. Application to pharmaceutical formulations

In order to demonstrate the applicability of the MEKC–UV
ethod to real samples, determination of the three platinum drugs
as achieved in pharmaceutical formulations for quality control.

he concentrations of the cytotoxic agents were calculated with
eference to a calibration curve constructed the same day. CS at
hree concentration levels were replicated twice, and conventional
east-squared linear regression was applied. Since two independent
nalyses (N = 2) were performed on each pharmaceutical formula-
ion, the result of the analysis could be expressed as:

nf (x) = x̄ ± tdf,�

√
s2

r

N
+ s2

g (1)

here N is the number of analyses performed and x̄ is the mean
esult. The tdf,� (Student’s constant depending on df and � set at
%), s2

r and s2
g variance values were determined during the valida-

ion step with the regular ANOVA-based variance decomposition

31]. The analysis repetition was useful to obtain a smaller confi-
ence interval, since most of the variability came from repeatability
s2

r ). As shown in Table 2, prescribed concentrations of pharmaceu-
ical formulations were confirmed to be in the range of ±10% of the

able 2
nalysis of the three cytotoxic drugs by MEKC–UV in pharmaceutical formulations
repared at the HUG pharmacy.

Batch number Concentration

CYT/10-123162 104 mg cisplatin in 604 mL NaCl 0.9% 107.0 ± 2.8%
CYT/10-122999 140 mg cisplatin in 640 mL NaCl 0.9% 100.8 ± 2.8%
CYT/10-121694 40 mg cisplatin in 540 mL NaCl 0.9% 106.9 ± 2.8%
CYT/10-122599 529 mg carboplatin in 303 mL glucose 5% 96.8 ± 2.8%
CYT/10-122482 260 mg oxaliplatin in 302 mL glucose 5% 95.0 ± 2.0%
CYT/10-122846 114 mg oxaliplatin in 273 mL glucose 5% 94.3 ± 2.0%
CYT/10-123120 120 mg oxaliplatin in 274 mL glucose 5% 97.1 ± 2.0%
Fig. 4. Accuracy profiles of the developed MEKC–UV method for the determination
of cisplatin, carboplatin, and oxaliplatin in a pharmaceutical formulation using a
linear regression model. The dashed lines represent the acceptance limits of ±5%.

target value by the MEKC–UV method, which corresponds to the
acceptance limits for these formulations at the HUG pharmacy.

4. Conclusions

Different methods based on MEKC and MEEKC were devel-
oped for the quantitative determination of cisplatin, carboplatin,
and oxaliplatin in pharmaceutical formulations. The MEKC method
exhibited very good quantitative performance in terms of accuracy
and precision with an analysis time of less than 10 min for the three
platinum compounds. The manipulation steps, including the han-
dling of cytotoxic agents, are reduced to dilution and addition of
the IS to the pharmaceutical formulation. Therefore, the presented
MEKC–UV method can be used as a very simple technique in qual-
ity control and was successfully applied in routine analysis at HUG
pharmacy.
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