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ABSTRACT

Cisplatin (CDDP) is an old antineoplastic agent dder cancer treatment alone or combined with othgents.
Nonprotein-bound (free) cisplatin levels is dirgctlelated to the cisplatin-induced nephrotoxicitiherefore,
therapeutic drug monitoring is very important fas@atin. Findings of this study will help for det@nation of free
cisplatin which can be appropriate for therapeuditig monitoring. Cisplatin was analyzed by HPLCngsa C18
endcapped column and mobile phase consisted ofamatAnd water (80:20, v/v), the UV detector wapisibd at
254 nm. The mobile phase was maintained at 1mL* amil the column temperature was ambient temperafire
method was validated for specificity, linearitygepision and accuracy. Linearity of the method wam#él to be in
the concentration range of 0.025-2.00 pug/ml. Thatliof detection (LOD) and the limit of quantifizat (LOQ)
were 0.008 pg/ml and 0.025 pg/ml. To evaluate ttaetigal applicability of our method, a total of 3&ancer
patients’ blood were analyzed. The significantedéhces were found between the concentration efdigplatin
and different cancer types.
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INTRODUCTION

Cisplatin is an alkylating agent thaas discovered about 30 years ago. It interferés BMNA and reacts indirectly
with nitrogen atoms on DNA to form cross-links wiimhibit DNA replication, cell division and indu@poptosis

[1]. Its side effects include nausea, vomiting toxécity and dose limiting serious adverse effechéphrotoxicity.

After administration, cisplatin rapidly diffusestantissues and reaches highest concentrationseifiviér, prostate
and kidney it is excreted by glomerular filtratif.

Pharmacokinetic study of cisplatin is complicated the fact that following infusion, both protein b and
ultrafiltrate species of platinum are present iaspha [3]. Plasma concentrations of free cispletiprimarily

responsible for cytotoxic and nephrotoxic effedtattcan be monitored [4,5]. Storage of the samplew to

centrifugation and deproteinization may affect thlationship between free and protein-bound cispldtl]. To

avoid detection of platinum that may become deattd by reactions with plasma proteins, plasmafteno
deproteinized by solvent protein precipitation diraifiltration before analysis [6,7]. There was significant

difference in determining the free platinum concatibns by the ethanol or ultrafiltration metho&s8]. Ethanol
precipitation to obtain a protein-free fractionpierformed in plasma. Deproteinization of plasmévethanol is a
simple and cost-effective alternative to ultrafitton methods [1].

Bosch [6] reviewed current methodologies until 2@0id emphasized the important analytic proceduegsldped
for the determination of cisplatin as following: égproscopic methods, electroanalytical methods, EiRiethods,

169
www.scholarsresearchlibrary.com



Filiz Ozdemir et al Der Pharma Chemica, 2013, 5 (5):169-174

gas chromatography, capillary electrophoresis aassmspectrometry methods.

A common approach for determining the concentratibcisplatin is to measure the total platinum eontof blood
fractions and other biological fluids by flam andhghite furnace atomic absorption spectrometry ifgjuctively
coupled plasma-mass spectrometry (ICP—MS) [10]iaddctively coupled plasma atomic emission spec#tic
(ICP—AES) detection methods [6,11]. These selecthathods generally use a fractionation step usiiyC
followed by either on-line or off-line detection.

Another sensitive method for the determinationisplatin, its analogues and impruties in biologitailds is to use
the HPLC systems with a number of detection tealesgncluded UV detection, post column derivatmatplus
UV detection [12-15] and electrochemical detecfnl6].

Organic extraction with chloroform and evaporatioihthe organic phase is one of the method that desen
described to quantify CDDP by HPLC. Consequentig tise of this solvent requires special precautionsafe
handling, on the other hand, sample preparationiismal and biological fluids may be injected ditgmon to the
column [5,15,17,18].

In this study, extraction procedure was preparecoraing to the study of Augey et al.[17]. Howevénge
concentration of DDTC, the reaction time and methalitiation parameters have been re-optimize.

MATER IALS AND METHODS

Chemicals

CDDP and complexing agent sodium diethyldithiocarhge (NaDDTC) were purchased from Sigma, St Louis,
MO, USA. Methanol of chromatography grade and maéistandard NiGI6.H,O (I1S) were from Merck. Milli Q
water (Millipore, Bedford, MA, USA) was used thrdwapt the study.

Aparatus

HPLC system consisted of a ‘HPLC Agilent 1100 Serigiode array and multiple Wavelength Detectors, a
rheodyne injector fitted with a 100ul sample loowla RP 18 endcapped Purospher® STAR Merck col@b@ (
mm x 4.6 mm, 5um p) and guard column (4 x 3 mmpg Hichrom, Kromasil), the mobile phase flow ratasw
maintained 1mL mif.

Solutions

Standard stock solution of CDDP (1.00 mg/ml) angrmal standard NiGI6.H,O (0.90 pg/ml) were prepared in
0.90 % saline and NaDDTC (4.0 %) was prepared @ 04 sodium hydroxide (NaOH). Standard solutiofis o
CDDP in concentration between 0.025-2.00 pg/ml @ioimg a fixed concentration of 0.90 pg/ml of ISreve
prepared in this study.

Method Validation
The method was validated in accordance with the RMarmacopoeia and the International Conference on
Harmonization (ICH) [19].

Linearity

The calibration curve were constructed by analyzanggries of plasma calibration samples spiked @EDP to
obtain concentrations ranging from 0.025 to 2.00mkgThe same concentration of IS at 0.90 pg/ml wsed for
calibration curves. The peak area ratio of CDDRhi IS was considered for plotting the linearitamh. The
linearity was evaluated by linear regression anslyghich was calculated by the least square regmesnethod.

Limit of Detection (LOD) and Limit of Quantificatio n (LOQ)

The limit of detection (LOD) and the limit of quditation (LOQ) of drugs by the proposed methodsrave
determined using calibration standards. LOD and Lv@Pe calculated as 3.3 and &@S, respectively, where S is
the slope of the calibration curve amds the standard deviation of intercept of reg@ssiquation.

Recovery
Recovery studies were performed by analyzing plasamaple spiked with CDDP at concentrations of 0.0500
and 2.00 pg/ml. The recovery from each concentratiere measured from the average of six injections.

Precision And Accuracy
The precision and accuracy of the assay was detedridy repeatability (intra-day) and intermediatecjsion
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(inter-day) in plasma using different sample of Gb[®.050, 1.10, 2.00 pg/ml). For within day andwestn day
precision six replicates from each concentratiomewassayed. The between day precision was detatniiye
measuring the concentration from samples at sferdifit days.

Specificity
To evaluate the specificity of the method, 0.5 milug-free ultrafiltrate was used for the assagcpdure and the
retention time of endogenous compounds were cordpaite those of CDDP and internal standard.

System Suitability

To ascertain the resolution and reproducibilitytieé HPLC method, system suitability tests were grarédusing
the working standard solution of CDDP and intersndard. Resolution (R theoretical plate number (N),
capacity factor (K) and tailing factor (T) were &sered as the criteria for system suitability tesgti

Stability
CDDP is known to be very unstable in both aquealstisn and biological samples, so its stabilityridg both
sample treatment and storage were considered bgléneant literaturgl3, 17]

RESULTS AND DISCUSION

Sample preparation
Extraction procedure was prepared according tostbdy of Augey et al. [17]. However, the concembratof
DDTC and the reaction time have been re-optimizktha procedure was applied as below.

Blood samples (working on the blood samples ofgoési has been approved of by the local ethics ctteehiwhich

were obtained from healthy volunteers and the ptiePatients blood samples were taken immediatbr

cisplatin infusion (infusion duration time was 9@huites). All blood samples obtained from the paseand healthy
volunteers were deproteinized by cold methandl (il plasma sample + 2.0 ml cold (-20°C) methar@B0 mi

deproteinized plasma, 50.0 ul internal standard E5®@0 pl (4 %) NaDDTC mixed in eppendorf then imaied

with 37 °C water bath for 45 minutes. The sampleseveompleted to 1.0 ml by MeOH and mixed with errthen

100 pl sample injected into HPLC.

Cisplatin was analyzed by HPLC using a RP 18 enmgledolumn and mobile phase consisted of methambl a
water (80:20, v/v), the UV detector was adjusted5t nm. The mobile phase was maintained at 1m[' i the
column temperature was ambient temperatlihe elution order was CDDP eluted at 8.7 min. &t 11.3 min.
(Figure 1).No interference was observed in the drug elutigiore from the plasma in control of chromatogram. A
chromatogram result of a patient is given in Figire
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Figure 1. HPLC chromatogram of ultrafiltrate plasma spiked with CDDP at concentrations of (a) CDDP (Z0 pg/ml), (b) IS peak (1.80
pg/mi)
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Figure 2. HPLC chromatogram of a patient treated wih CDDP: (a) CDDP (0.38 pg/ml), (b) IS (1.80 pg/ml)

Validation Results

Linearity

A linear correlation was obtained between the paala rations and the concentration range 0.02542¢dtl of
CDDP. The results showed an excellent linearityvbeh peak area rations (CDDP/IS) and concentrafibe.
equations of the calibration curves were obtainethb least-squares linear regression analysicaledlated as A=
0.823x +0.029. The limit of detection and the limitquantification for HPLC analysis for CDDP 08)and 0.025
pa/ml, respectively. Standard deviations of #iep and intercepfor the calibration curves generated on six
replicates were 0.002 and 0.002, respectiv@he correlation coefficient (r) of all the calibiat curves were

consistently greater than 0.996.

Precision And Accuracy
Intra-days and inter-day relative standard deuwa{lRSD) values were found between 0.95 and 4.6 8blé 1).

The average absolute recovery of CDDP was deteth@rd 01.34 % (Table 2).

Table 1. Intra- and inter-day precision of determiration of cisplatin in human plasma

Nominal Concentratior] Estimated Concentration Precision| Accuracy

(ng/ml) (ug/ml) meantSD (RSD %) | (RME %)

Inter-day 0.050 0.053+0.001 0.95 5.66
(n=6) 1.10 1.12+0.02 1.53 1.78
2.00 1.94+0.09 4.47 -3.09

Intraday 0.050 0.051+0.001 2.04 1.96
(n=6) 1.10 1.04+0.02 2.05 -5.76
2.00 2.01+0.09 4.68 0.50

Table 2. The determination of recovery of cisplatinin human plasma

Nominal Concentration (ug/ml) (n=6) Estimated Conicagion (ug/ml) mean+SD Recovery % RSD|%
0.050 0.052+0.001 104.02 1.4§
1.10 1.08+0.03 98.22 3.13
2.00 2.04+0.07 101.77 3.25

Limit of Detection (LOD) and Limit of Quantificatio n (LOQ)
The limit of detection (LOD) and the limit of quditation (LOQ) under the conditions were 0.008 &h825

pa/ml, respectively.

Specificity
There were no significant interfering peaks in tentrol ultrafiltrate (Figure 3) at the retentioimé of the

respective analyzes.
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Figure 3. HPLC chromatogram of a blank plasma ultrdiltrate
System Suitability
System suitability was tested on the basis of tesilitained from several representative chromatogird he values
obtained for this method were within the acceptaaleyes (Table 3).

Table 3. Validation summary

Validation Parameters (System suitabilify) Results
Theoretical Plates (N) 1445
Linearity range (pg/l) 0.025 - 2.00
Tailing factor (T) 0.81
Resolution (B 1.59
Correlation Coefficient 0.9968
Retention time & min. 8.7

LOD (pg/ml) 0.008
LOQ (ug/ml) 0.025

Stability

Human whole blood was donated by healthy volunteeis cancer patients was collected immediatelsr dfte
cisplatin administration (infusion duration time sv@0 minutes) from the left brachial vein into hépized vacuum
tubes (Vacutainer Systems, Rutherford, NJ, USAlieRt&s’ blood was taken in to heparinized tubes eamtrifuged
immediately, then according to the study of Augéyak[17], deproteinized blood were storaged at°€@or
maximum 5 days. However, Johnsson et al [1] shawatthe samples may be stored -70 °C for seveoaths.

Study of Patients

According to the literature; following 6-hour IVfirsions of 100 mg/fmto patients with normal renal function, peak
plasma free platinum concentrations ranging frog2@.73 pg/ml (2). In the other study [17] detectlonit was
found as 0.010 pg/ml after 8 hours of 100 nfg/where as in our study it was found as 0.008 pgimihis study
cisplatin (60-80 mg/R) infused for 90 minutes and all patients renalcfions were normal. Free cisplatin
concentrations of patients were in concentratioiges(0.025-2.00 pg/ml).

The study of Augey et al. [17] was revalidated andimple and rapid HPLC method has been developed f
determining free CDDP levels in plasma. All sttt values were within the acceptable limits. Malaate the
practical applicability of this method, a total 8% cancer patients participated in the study pttieharacteristics
was given in Table 4 and cisplatin concentratioesengiven in Table 5.

Table 4. Patients’ characteristics

Types of cancer patients Age Body surface area JBiSAotal CDDP dose (mg
Lung (n:13) 53.60+4.32 1.82+0.15 204.62+26.40
Head-neck (n:13) 56.00+13.08 1.78+0.16 204.24426.15
Gastric_(n:7) 54.86+8.65 1.75+0.11 216.43+£37.36
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Table 5. Free cisplatin concentrations of patientseated by 60-100 mg/rA dose of cisplatin

Types of cancer patients Free concentration of CBO®asma (ug /ml) meantise

Lung 0.304+0.032 (n:13)

Head-neck 0.189+0.025 (n:13)

Gastric 0.204+0.049 (n:7)

a: Standard error [calculated by Statistical Paclksgor the Social Sciences (SPSS) version 11.5\21yeANOVA test used]

CONCLUSION

The main objective of this study is to determine firee cisplatin levels in cancer patients routin&lince the free
cisplatin is responsible for toxic effects, it mportant to detect its levels in human plasmahia study patients
treated with cisplatin have diagnosed as diffei@rcer types. The levels of free cisplatin in tlaéigmts were
evaluated by statistically. One of the most inténgsfindings of this study was the significantfdiences in the
concentrations of free cisplatin between differegnicer types was. Cisplatin concentration was faiguificantly

higher in patients with lung cancer than the otljpr®.05) (Table 5). Further investigation is reqdito clarify our
findings.

In our country, determination of platinum in theddl test can not still be done. Therefore thisystuil help the
clinical pharmacists and oncologists for theramedtug monitoring in patients receiving CDDP.
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