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Abstract: A robust, highly reliable and reproducible adsorptive stripping voltammetric procedure was developed for the determination of nelarabine in pharmaceutical formulations and urine samples. The analytical procedure was based on the reduction of the >C=N- of the pyrozole ring of the drug molecule at the hanging mercury drop electrode(HMDE) surface in Universal buffer of pH 6.0. The optimal experimental parameters for the drug assay were: accumulation potential -0.78V(vs.Ag/AgCl), accumulation time 60 sec, pulse amplitude 25mV and scan rate 40mV s-1 in universal buffer (pH.6.0).The linear concentration range of application was 1.0×10-2 to 1.0×10-7 M of nelarabine, with a relative standard deviation of 1.3% and a detection limit of 1.0×10-7 M. The method was successfully applied to the determination of nelarabine in human urine and pharmaceutical formulations.
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Introduction

Nelarabine is a pro-drug of the cytotoxic deoxyguanosine analogue, 9-β-D-arabinofuranosyl -guanine (ara-G).1 The chemical name for nelarabine is 2-amino-9-β-D-arabinofuranosyl-6-methoxy-9H-urine. Nelarabine is slightly soluble in water and nelarabine with decomposition between 209°-217°. Nelarabine injection is supplied as a clear, colorless, sterile solution in glass vials. Each vial contains 250 mg of nelarabine (5 mg nelarabine per mL) and the inactive ingredient sodium chloride (4.5 mg per mL) in 50 mL water for injection, USP nelarabine is intended for intravenous infusion.

Nelarabine is a prescription drug used for the treatment of T-cell acute lymphoblastic leukemia and T-cell lymphoblastic lymphoma. These cancers are characterized by the uncontrolled proliferation of T-cells, a type of immune system cell. These cancers most often occur in children. The U.S. Food and Drug Administration approved nelarabine in November 2005. Nelarabine is marketed by Glaxo SmithKline under two names: Arranon in the United States, Atriance in the United Kingdom and Canada, nelarabine is used to treat adults or children with T-cell acute lymphoblastic leukemia or T-cell lymphoblastic lymphoma in whom at least two other chemotherapeutic drugs had been ineffective. It is given intravenously in a 5 mg/ml solution. The recommended adult dose is 1,500 mg/m2 (per meter of body surface area) given over two hours. The treatment is given in cycles: nelarabine is given on days 1, 3, and 5 and this regimen is repeated every 21 days. The recommended dose in children is 650 mg/m2 given over 1 hour daily for 5 consecutive days, repeated every 21 days. In the body, nelarabine is converted to ara-G and finally ara-GTP. This last compound is similar in structure to guanine, one of the bases of DNA. Ara-GTP accumulates in cancer cells and is incorporated into growing strands of DNA. Unlike the body’s own guanosine, Ara-GTP prevents DNA replication and ultimately kills the cancer cell. 

Deoxyguanosine (dGuo) is readily catabolized by purine Nucleoside phosphorylase (PNP). Clinically, PNP deficiency has been associated with T-cell lymphopenia,2 metabolically; patients with T-cell lymphopenia are unable to catabolize dGuo, which results in an increase in the plasma concentration of dGuo. There is a greater accumulation of the triphosphate of dGuo in T cells because of the inherently higher phosphorylation of dGuo in T cells as compared with B cells.3 This accumulation of dGuo triphosphate leads to cell death via inhibition of DNA synthesis.4,5 Although T-cell specificity was observed with dGuo, the efficient catabolism of dGuo by PNP limited its use clinically. Ara-G, like dGuo, has been shown to be toxic to T cells,6,7 with greater accumulation and retention of ara-G triphosphate (ara-GTP) in T cells as compared with B cells.8 Ara-G has been used successfully to purge malignant T cells from murine and human bone marrow ex vivo.9,10 However, ara-G, which was synthesized in 1964,11 has not been used clinically because of its poor solubility properties and difficult synthesis. The application of an enzymatic method of purine arabinonucleoside synthesis led to the development of compound nelarabine,12 the 6-methoxy derivative of ara-G, which is 10 times more soluble than ara-G. 
The potential of nelarabine as a prodrug of ara-G for the treatment of refractory hematologic malignancies led to the initiation of a multicenter, dose escalation, phase I study. A total of 93 patients entered the study. Safety and efficacy results demonstrated clinical responses in patients with refractory leukemia or lymphoma; neurologic toxicity was the dose-limiting factor.13-15 Cellular pharmacokinetic investigations demonstrated a strong relationship between the peak ara-GTP concentration in the circulating leukemia cells and response to nelarabine. To complement the cellular pharmacology, preliminary plasma pharmacology (peak concentration values and the elimination half-life [t1⁄2] of nelarabine and ara-G) in 24 patients was presented.14 
The proposed simple and inexpensive volta- mmetry method was developed for the determination of nelarabine in urine and pharmaceutical formulations. 
Experimental
Materials

All chemicals were analytical reagent grade chemicals (Merk, India), doubly distilled water was used in preparation of all solutions. Stock solution (1.0х10-2M) was prepared by dissolving nelarabine in dimethyl formamide (DMF). All dilute solutions were freshly prepared daily from the stock solution.  Universal buffer solution ranging from pH 2.0 to 12.0 were prepared using 0.2M boric acid, 0.01M citric acid and 0.1M trisodium orthophosphate.

Instrumentation

Metrohm unit E 506 polarecord coupled with E 612 VA-scanner, E 648 VA-controller and a digital electronics x-y/t recorder are used for cyclic voltammetry study. Adsorptive stripping voltammetric measurement were carried on Metrohm 757 VA computrace Model AFRDE 4 potentiostat and MSRX speed control unit supplied from Pine Instrument Company (USA) coupled with digital electronics 200X-y/t recorder. All the solutions were degassed prior to analysis by bubbling purified nitrogen gas through the cell for 15 min. All the experiments were performed at 25+10C, pH measurements were carried out with a Hanna instruments (Italy) pH meter.

Recommended Analytical Procedure

A stock solution (1.0 х 10-2 M) was prepared by dissolving the required amount of the nelarabine in dimethylformamide.  Standard solutions are prepared by dilution of the stock solution with suitable amount of dimethylformamide.  In voltammetric cell 1.0 ml of standard solution is transferred and made up to 9.0 ml of the universal buffer of pH 6.0 and deoxygenated with pure nitrogen gas for 15 min.  After obtaining the voltammogram small additions of (0.2 ml) of standard solutions are added and voltammogram recorded after each addition under similar experimental parameters. The optimum conditions for the determination of nelarabine in pH 6.0 is found to be a drop time of 2 sec, a pulse amplitude of 25 mV and applied potential of -0.78 V (corresponding to the first peak) with relative standard deviation and correlation coefficient for 10 replicates 1.32% and 0.998 respectively.

Result and discussion


When the potential is scanned from 0.0V to -1.3 V and so on, Fig. 1. shows adsorptive stripping Voltammetric response for 1.0х10-5 M nelarabine in universal buffer of pH 2.0 to 12.0, after preconcentration of the drug onto the HMDE for 60 sec. The peak recorded within the pH range 2.0 to 6.0 is due reduction of nelarabine is due to >C=N- bond.  
Effect of pH

The influence of pH on the adsorptive stripping voltammetric response for 1.0х10-5 M, nelarabine was examined in universal buffer of pH 2.0 to 12.0 (Fig. 3.) after pre-concentration of the cancer drug onto the HMDE for 60 sec. at pH 4.0, one adsorptive peak are obtained.  Therefore, this peak obtained in universal buffer of pH 6.0 was considered in the present analytical study.

Effect of accumulation potential


The effect of accumulation potential on the AdSV signal has been studied with an accumulation time of 60sec at HMDE. Fig.4. shows the influence of the accumulation potential on the peak height was studied from -0.6 to -1.2V and a strong adsorption at   -0.78V was observed, so this potential was used as the accumulation potential for all the measurements.

Effect of accumulation time


The consequence of accumulation time tacc (sec.), on the adsorptive stripping peak current of the first peak nelarabine in universal buffer of pH 6.0 is investigated. As shown in Fig.5. accumulation time of 60 sec. at -0.82 V generated a much more peak current.

Effect of scan rate


The influence of the scan rate (v) on the peak current (ip) and peak potential (Ep) with in the range 10-100 mVs-1 was carried out. When a scan rate of 40mVs-1 was applied, plotting log ip versus log v gave a straight line with a slope of 0.91 (r = 0.998) close to 1, which is the expected slope for an ideal reaction of surface species. Hence, in this case, the process appears to have important adsorptive component.
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Fig. 1. Adsorptive stripping voltammogram of nelarabine at HMDE, accumulation time: 60sec; pH: 6.0; accumulation potential: -0.78V, rest time: 10sec; stirring rate: 400rpm; scan rate: 40mVs-1, pulse amplitude: 25mv; concentration: (a) blank (b) 1.0×10-5M

[image: image4.jpg]O
- 4
|

v/ Juas
o

-—

=1 N
= —
! |

Ny
@

[

T

-01V

-07 -06

-0 -09 -08

-1

-1-2

-13





Fig.2. Typical cyclic voltammogram of nelarabine at HMDE, accumulation time: 60sec; pH: 6.0; accumulation potential: -0.78V, rest time: 10sec; stirring rate: 400rpm; scan rate: 40mVs-1, pulse amplitude: 25mv; concentration: 1.0×10-5M
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Fig.3. Effect of pH on the AdSV of nelarabine accumulation potential: -0.78 V; accumulation time: 60 sec; rest time: 10 se; stirring rate: 400 rpm; scan rate: 40 mV s-1; pulse amplitude: 25 mV



Fig.4. Effect of accumulation potential on the AdSV of nelarabine at pH 6.0, accumulation time: 60 sec; rest time: 10 sec; stirring rate: 400 rpm; scan rate: 40 mV s-1; pulse amplitude: 25 mV

Cyclic voltammetric studies


The electrochemical behavior of nelarabine found to well define peak observed at pH rang 2.0 to 6.0. The experimental results show that nelarabine get reduced at HMDE and exhibits a single well defined peak in universal buffer of pH ranging from 2.0 to 12.0. This peak attributed to the reduction of azomethine group with two electron addition to found corresponding amine. Typical cyclic voltammogram is shown in Fig.2.
The peak current (ip) is dependent on scan rate (v) and pH of the supporting electrolyte. The linear plot of ip vs v1/2 passing through the origin, indicate the electrode process to be mainly diffusion controlled and adsorption controlled. The irreversibility of the electrode process is verified by logarithmic analysis of the peak.  Absence of anodic peak in the reverse scan, indicates the over all electrode processes to be irreversible.  The shift in E​p values towards more negative potentials with an increase in concentration of electroactive species also suggests the irreversible nature of the peaks.

The peak potentials of nelarabine are found to be pH dependent and shift towards more negative values with increase in pH indicating the involvement of protons in the reduction process. The 
[image: image6.wmf]a

na values for the reduction of azomethine group in nelarabine is found to be in the order of 0.98.  The number of protons participated in the rate determining step is found to be one. 
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Fig.5. Effect of accumulation time on the AdSV of nelarabine, pH 6.0, accumulation potential: -0.78 V; rest time : 10 sec; stirring rate: 400 rpm; scan rate : 40 mV s-1; pulse amplitude : 25 Mv
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Scheme 1. Reduction mechanism of nelarabine

Identification of the product

Millicoulometry was employed to find out the number of electrons involved in the electrode process. The determination of the total number of electrons involved in the reduction process comparison of the peak heights, the number of electron involved in the reduction process of the nelarabine is two. Controlled potential electrolysis experiments are carried out at -0.82 V vs SCE and pH-4.0 also agree with the above results. Based on the above results of our investigations as well as on data from the literature, the electrode mechanism (Scheme 1.) is proposed for electrochemical reduction of nelarabine

Kinetic data

Kinetic parameters evaluated from cyclic voltammetric technique are reported in the Table 1. The diffusion and adsorption controlled nature of the electrode process is clearly evidenced from the nearly equal diffusion efficient values obtained from the cyclic voltammetric technique. The ‘D’ values are seen to gradually decrease which account for decrease in diffusion current with increase in pH due to less availability of protons.


The forward rate constant values are observed to be low in basic media (pH-10.0) when compared to that obtained in acidic media, since the unprotonated azomethine being the electroactive species in the acidic region.  The k0f.h values are found to decrease with increase in pH indicating that the electrode reaction becomes more and more irreversible with increase in pH of the solution.

Determination of pharmaceutical formulations and urine samples

Nelarabine in pharmaceutical formulation namely arranon and atriance containing a 150 mg of compound in total tablet mass of approximately 450 mg has been analysed in order to examine the applicability of the method.  Nearly 10 tablets were thoroughly powered and mixed uniformly. A portion equivalent to 10 mg of the compound was weighed accurately and dissolved in dimethlformamide and transferred into 10 ml calibrated flasks.  1 ml of the solution is diluted with 1 ml of supporting electrolyte (pH 6.0) and resulted solution was subjected to voltammetry.  With the help of calibrated graph, the amount of nelarabine in portion of the sample was calculated.  From the recovery studies on formulations containing nelarabine, we have obtained an average recovery range of 98.66% to 99.60% with a standard deviation and coefficient of variation data has given in Table 2. respectively.

   Table 1. Typical cyclic voltammetric data of nelarabine

	PH of the

Supporting Electrolyte
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	2.0
	0.64
	6.4
	0.889
	2.27
	3.25x10-12

	4.0
	0.69
	7.0
	0.891
	1.96
	3.80x10-14

	6.0
	0.74
	6.3
	0.891
	1.67
	5.19x10-15

	8.0
	0.82
	6.4
	0.896
	1.49
	8.14x10-16

	10.0
	0.98
	6.2
	0.920
	2.34
	4.24x10-17

	12.0
	1.26
	5.6
	0.924
	1.14
	4.88x10-18


        Table 2. Determination of nelarabine in pharmaceutical formulations 

	Name of the Formulations
	Labeled amount
(mg)
	Amount found  (mg)
	Recovery

 (%)
	Standard Deviation
	(%) RSD

	Arranon
	5
	4.96
	99.20
	0.021
	0.2

	
	10
	9.89
	98.90
	0.035
	0.5

	Atriance
	15
	14.80
	98.66
	0.031
	0.2

	
	20
	19.92
	99.60
	0.002
	0.1


  Table 3. Determination of nelarabine in urine Samples
	Sample
	Labeled amount 
(mg)
	Amount found 

(mg)
	Recovery

 (%)
	Standard 
Deviation
	(%)RSD

	1
	5
	4.98
	99.60
	0.029
	0.02

	2
	10
	9.98
	99.80
	0.032
	0.01

	3
	15
	14.86
	99.06
	0.024
	0.04



The reliability of the method for the determination of arranon and atriance in urine samples is checked by using different urine samples. Direct determinations in undigested urine may yield for certain probands unreliable data due to trace metal trapping by natural chelating substances. An aliquot of 5ml of urine without treatment were diluted with water to 25ml in a volumetric flask; a 0.1ml aliquot of this solution was transferred into a 25ml calibrated flasks, 5ml of universal buffer pH 6.0 were added and diluted to the mark with water. The samples were measured according to the above described procedure. 
The voltammograms of samples with out arranon and atriance do voltammetric not show any signal that can interfere with direct determination. The recoveries are in the range of 99.06% to 99.80%. The results were presented in Table 3. In the present analysis, adsorptive stripping voltammetry has been used for the quantitative determination of nelarabine using both standard addition and calibration methods in pharmaceutical formulation and urine samples. Quantitative measurements were successful in the concentration range of 1.0×10-2 to 1.0×10-7 M with lower detection limit of 1.0×10-7 M.  The correlation coefficient and standard deviation were 0.998 and 1.3% respectively.

Conclusion
In conclusion, in this work, a simple cost effective adsorptive stripping voltammetric method (AdSV) can be used satisfactorily for determination of nelarabine in urine and pharmaceutical formulations. The major advantage of in-situ analysis is the capability of this approach to provide real time data enabling immediate corrective actions in pharmaceutical and urine samples. The result obtained revealed that the proposed procedure has good accuracy.
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