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Abstract

The electrochemical oxidation and reduction behaviour of adsorbed species of antimetabolic antineoplastic agent Tarabine
PFS (Cytosar-U) in Sorensen buffer solution of different pH values at an in situ-mercury film electrode (MFE) is studied using
cyclic voltammetry (CV) and Osteryoung square-wave stripping voltammetry (OSWSV). Optimal experimental and operational
parameters have been selected for the drug preconcentration and determination in aqueous medium. Based on the adsorptiot
and accumulation of Tarabine PFS using Osteryoung square-wave anodic stripping voltammetry (OSWASV) at MFE, the drug
is easily detected as 0.134 ng/mIg%x 10-1°M). Calibration plots have been constructed at different accumulation times. The
standard deviatiom(= 10) at a concentration level of 6 10-8 M Tarabine PFS is 0.062. The interaction of ssDNA with the
drug under the optimal conditions at pH 7.7 has been studied. The formal pot&ntatslE>’ and the equilibrium constants
K; andK; have been calculated for the free form of Tarabine PFS and the bonded form with sSDNA, respectively. It was found
thatK, value for the bonded oxidized form is 298 times than thatpfor the bonded reduced form. Therefore, ssDNA has
been found to interact strongly with the oxidized form of the drug. The method has been used for the nanogram determination
of ssDNA with 1.9% variation coefficient. Detection limit of 3 ng/ml ssDNA has been achieved. Possible interfering organic
compounds, cations and anions have been tested. The method has been applied for the drug determination in urine samples
down to 0.23 ng/ml could be easily achieved in such samples.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Tarabine PFS (Cytosar-U) is the most important
antimetabolic antineoplastic agent used in the ther-
* Corresponding author. Tel+20-88411351; apy of aCUt? myelocytic le_Ukem[_a]' Itis the.snjgle_
fax: +20-88-354130. most effective agent for induction of remission in
E-mail address: elmaali@hotmail.com (N. Abo El-Maali). this disease. The drug is particularly useful in acute

0731-7085/$ — see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2003.12.001



880 D. Abd El-Hady et al. / Journal of Pharmaceutical and Biomedical Analysis 34 (2004) 879-890

non-lymphocytic leukemia in adults and is more offers a large surface area to volume ratio that pro-
effective when used with other agents, particularly vides high amalgam concentration during the deposi-
anthracyclines or mitoxantrone. The drug also is used tion step, also extension for the potential range limit is

in combination with other chemotherapies to treat
non-Hodgkin’s lymphomas in adults and in children
[2].

This compound is noteworthy structurally in that
its arabinose moiety is epimeric with ribose at the
2'-position. After anabolism to the triphosphate, this
modification inhibits the conversion of the cytidylic
acid to 2-deoxycytidylic acid. Furthermore several

achieved. As a result, high plating efficiency and high
sensitivity were achieved. In addition, mercury films
give superior selectivity since the diffusion of analyte
from the bulk of the film to the surface is very fast.
Although preplated mercury films were used initially,
best results were achieved with the in situ plated mer-
cury film described by Florend@9].

Tarabine PFS was determined by DC and differen-

studies have reported that persons working with cyto- tial pulse polarography techniques in 0.2 mol/l KCI
static drugs (Tarabine PFS), e.g. clinical and pharma- and phosphate buffer as supporting electrolyte at pH
ceutical staff, show a marginally higher frequency of value 6-7[30,31] These studies were limited to a
DNA damage[3-6]. These chromosomal aberrations concentration level between 10and 10> mol/l and
were classified as possibly precancerous cell degener-the reduction peak potential of the compound was
ation. Studies now indicate that there is a relationship very closely to the hydrogen evolution potential. The
between inhibition of DNA and the total amount of electrochemical behaviour of the Tarabine PFS has
Tarabine PFS incorporated into DNA. Thus, the incor- been studied using polarography in phosphate buffer
poration of about five molecules of this compound per aqueous medif82,33] These papers were concerned
10* bases in DNA decreases cellular clonogenicity by with association properties of the compound and its
about 50%([7]. There is also evidence that the drug electrochemical behaviour in the cathodic direction at
incorporated into DNA slows DNA template function dropping mercury electrode.

[7]. Tarabine PFS is degraded in the gastrointestinal There is a growing demand for the production of
tract, after oral administration, only about 20% of the a deoxyribonucleic acid (DNA) biosensors with ap-
drug reaches the circulation and less than 10% of the plication in medicine, the food industry, agriculture,
injected dose is excreted unchanged in the urine within veterinary science and environmental science. Also,

12-24h.

Several analytical methods for the determination
of Tarabine PFS have been reported including UV-
spectrophotometry and polarograpf8+12], deriva-
tive spectroscopy13,14] gas chromatographji5],
high performance liquid chromatography (HPLC)
[16—22]and capillary electrophoresis techniqUi23].
Also, Tarabine PFS and other pyrimidine derivatives
have been detected by radio-enzyni@d], radio-
immunological[25] and microbiological methods of
analysis[26,27]

the direct and reliable electrochemical detection of
DNA is of paramount importance to the development
of modern DNA hybridization chips, for the detection

of nucleic acids following their electrophoretic sepa-
ration, or for the sensing of DNA damage and inter-
actions[34]. This paper reports the use of Osteryoung
square-wave stripping voltammetry for monitoring ul-

tra trace levels of sSDNA and its interaction with the
anticancer drug Tarabine PFS.

Polarography and voltammetry can be considered 2. Experimental

as a convenient alternative to these routinely employed

analytical methods. They present the great advantage2.1. Reagents and solutions

of permitting a direct, simple and rapid determina-
tion that requires a minimum volume of sample. The

ideal working electrode should have a favorable elec-

trochemical behavior of the analyte of interest, a re-

A fresh solution of Tarabine PFS was prepared
daily in doubly distilled water. The solutions are
diluted as required for standard additions for quanti-

producible surface area and low background current tative analysis. Tarabine PFS was provided by Upjohn

[28]. Mercury film electrode (MFE) is the most im-

s.a. company, Puurs-Belgium. It was used without

portant electrode to achieve these requirements. MFE any further purification. Different types of supporting
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electrolytes were used, e.g. acetate, borate, phosphategombined glass electrode, which is calibrated regularly

Britton-Robinson and isotonic Sorensen buffers. The

latter was chosen as it gives the best signal, it is pre-

pared by mixing definite weights of NHPO, and
NaH,PO, at each desired pH value in presence of
NaCl to adjust the tonicity to be 0.92 at 251°C
[35]. Stock solution of mercuric ion (1@ mol/l) is
prepared by dissolving the required weight of basic
mercuric nitrate (May & Baker LTD., Dagenham, UK)
in doubly distilled water. Single Stranded Calf thymus
DNA for Molecular Biology was of Sigma quality
(Lot 43H67951). It was prepared (5mg in 5ml injec-
tion water) by a modification of the method of Alberts
and Herrick using calf thymus DNA, D 1501. The
resulting solution was divided into ten aliquots (for
daily use) and was kept in polyethylene vials frozen.
One mg of ssDNA is equivalent to approximately 25
Aogo uUnits. Urine samples were taken from the hospi-
tal after metabolism. All other reagents were of grade
quality.

Solutions of diverse ions used for interference stud-

ies are prepared using the nitrate, sulphate or perchlo-

with buffer solutions (pH 4.00 and 7.00) at 251 °C.
V3 series HTL micropipettes (Germany) were used to
pipettewl volumes of solutions.

2.3. Recommended procedures

A 10ml volume containing 0.1 M of isotonic
Sorensen buffer as supporting electrolyte is added to
the cell and degassed with highly purified nitrogen
for 8min. The in situ MFE is prepared by adding
a definite volume of basic mercuric nitrate solution
directly to the sample solution and simultaneously
depositing the mercury and the measured compound
[29,36] Drug molecules are then anodically stripped
from the mercury thin film by scanning Osteryoung
square-wave positive potential from1.8-0.0V at
pH 7.7. This electrode combines the sensitivity of
thin films with high selectivity and reproducibility.
After the analysis the mercury film can be com-
pletely removed from the electrode by simply wiping
with BAS cloth disk coated with two drops of pol-

rate salts of the metal ions. Dilute acids are added to ishing alumina (CF-1050) and doubly distilled wa-

prevent hydrolysis whenever needed.

2.2. Instrumentation

ter. The solution is stirred by using stirring magnet
(ER-9132) at constant stirring rate (300 rpm). The
interaction of DNA with Tarabine PFS is studied
by titration of different ssSDNA concentrations with

Voltammetric measurements are recorded using the fixed concentration of the drug in 0.1 M Sorensen

CV-50 W Voltammetric Analyzer (USA) electrochem-
ical running under window# software. All controlled

parameters are entered through a BAS/windows inter-

face. This information is transferred to the CV-50W

buffer at pH 7.7. All the results are obtained at room
temperature.

microprocessor where optimum hardware settings are 3. Results and discussion
calculated for the specified technique. These values are

loaded automatically and upon applying the command

Preliminary investigations of the electrochemical

run; data is collected and transmitted to the PC where behaviour of Tarabine PFS at various types of work-

it is displayed in virtual real time. Standard C-2 cell
stand is fully shielded in a Faraday cage (EF-1080)
with three electrodes: a glassy carbon working elec-
trode (MF- 2012, diameter 3 mm), a silver/silver chlo-
ride reference electrode (MF- 2063) and a platinum
wire auxiliary electrode (MW-1032). Voltammograms
are collected using an hp HEWLETT PACKARD laser

jet 4L printer. These data were sometimes plotted us-

ing Microsoft Excel program utilizing either the line
or scatter presentation.

The pH’s were measured using the Fisher Scien-
tific Accument pH Meter Model 810 equipped with a

ing electrodes viz. Static mercury drop electrode
(SMDE), carbon paste electrode (CPE), glassy carbon
electrode (GCE) and MFE, indicate that well- defined
and well-shaped peaks have appeared onto in situ
mercury film electrodeKig. 1). The peak height at
about—1.09V using the MFE is four and twenty five
times greater than the GCE and the SMDE, respec-
tively. This is due to the large surface area to volume
ratio (about three times greater than SMDE) and the
strong adsorption character of compound at the MFE
surface. So, the latter was the preferable electrode to
all further experiments.
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Fig. 1. Osteryoung square-wave adsorptive stripping voltammo-

grams (OSWASYV) of: (a) 0.1 M Sorensen buffer and 0.073 NaCl at
MFE; (b) a+2x 10-% M Tarabine PFS at GCE; (&)+2x 10%M
Tarabine PFS at MFE and (d)+ 2 x 10-®M Tarabine PFS at

SMDE after 605 accumulation time at pH 7.7. therefore this peak may be attributed to strong ad-

sorption character of the protonated form of Tarabine
PFS at MFE surface. The second oxidation peak (I1)
is more pronounced than the first one, it is appeared
3.1. Electrochemical behavior of Tarabine PFS at about—1.01V at pH 6.35 and shifted to more elec-
tronegative potentials with increasing pH values indi-
Voltammetric behavior of Tarabine PFS in solutions cating the involvement of proton consumption during
with different pH values was carried out in 0.1 M iso- the electrochemical process. The best morphology is
tonic Sorensen buffer at MFE. OSWSV mode with achieved at pH 7.7, the height of the peak is then de-
high scan rate was used to enhance the Tarabine PFSreased with increasing the pH values until it is com-
adsorption current relative to the diffusion controlled pletely disappeared after pH 9.02, this is probably due
one. The square-wave voltammograms of 106 M to the complete hydrolysis of the drug in alkaline me-
Tarabine PFS in the pH range 2.6-9.1 show two oxi- dia. Therefore, we postulate that appearance of the
dation peaks (peaks | and IlI) and one reduction peak second oxidation peak in weakly acidic and neutral
(peak 1l). Fig. 2 indicates the effect of the pH on mediais due to the oxidation of -NHjroup in pyrim-
ip values of peaks (I, Il and Ill). Below pH 5.72 idine ring of Tarabine PF$37]. The reduction peak
the peaks are ill defined and two well separated ox- (lll) is located at about-1.05V, pH 6.72 and then
idation peaks are appeared at pH values higher thandisappeared completely in alkaline media (above pH
5.72. The first oxidation Peak (l) is located at about 9.0,Fig. 2). This peak may be attributed to the reduc-
—1.44V, its shape and height is largely dependent on tion of the adsorbed oxidized form at C&%) double
the concentration of Tarabine PFS and the accumu- bond forming dihydro derivativf87] or the reduction
lation time. As it is cited in the literature, in aque- of N(3)=C(4) double bond as stated by Teijeiro and
ous solutions Tarabine PFS takes an amino form that Marin [33]. Therefore, it is concluded that the elec-
is in equilibrium with the protonated forrf83]. So, trode mechanism is identical to that of the catabolism
the dependence of the peak potential on the pH val- reaction of pyrimidine$37] illustrated by the follow-
ues supports that there is no proton consumption anding scheme:
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3.2. Cyclic voltammetric measurements one. Therefore, further investigations have been made

using OSWSV technique. The effect of the in situ

The nature of the electrochemical process has beenmercury film (mercuric ion concentration) on the de-
carried out applying cyclic voltammetry technique at termination of Tarabine PFS has been tested. It was
different pH values. Below pH 5.5, the peaks of Tara- found that the best sensitivity and reproducibility of
bine PFS are ill defined. One oxidation peak at about the drug oxidation peak is achieved in the presence
—1.09V and one reduction peak at aboul.15V of 11 times of mercuric ion concentration greater
are obtained at pH 7.7 with scan rate of 100mV/s than drug concentration. So, this ratio was chosen for
and then these peaks completely disappeared abovecomplete adsorption of the drug species. The thick-
pH 9.0. The effect of scan rate has been tested onness of the mercury-film disk electrodé) (vas then
8x 10~°M Tarabine PFS, pH 7.7 at the MFEig. 3).
The irreversibility of the electrochemical behaviour
for the drug increases with increasing scan rate val-
ues. The relationship between scan rate and the peak ~34.501 f
height gave a linear relationship with slope value tends ’
to unity (0.93wAsV~1) and correlation coefficient
value (0.9986) indicating an adsorption behavior for -13501

At L

~24.00

. <
the drug. The peaks also decreased rapidly upon repet- { ~3.0004
itive scans with a little shift in potentials, indicating ¢
fast desorption from the electrode surface. Therefore, 0 A0
rapid scan rates are required for such measurements. 5 418004
0 40
: 2850
3.3. Analytical aspects at the MFE 9] 3%
13000 | gf: i
At pH 7.7, the effect of different experimental ragsod 1 0

0.4 8 1.2

o

parameters viz. wave form, amplitude, frequency,

Scan rate, Vis

rri i - oo+ VT
stirring rate. .. has been testedig. 4shows a com O 180 40 120 100 080 080 -4
parison between linear sweep stripping voltammetry
(LSSV) curve a, differential pulse stripping voltam- Potentiol /V

metry (DPSV) curve b and Osteryoung square-wave _. .

LT . Fig. 3. Effect of scan rate on the cyclic voltammograms of
stripping voltammetry (OSWSV) curve c. Itfs_ obvi- 8x 1075 M Tarabine PFS at MFE surface in presence of Sorensen
ous that OSWSV and DPSV are much sensitive than putfer, pH 7.7. Scan rate: (a) 0.1; (b) 0.2; (c) 0.4; (d) 0.6; (e) 0.8
LSSV with about six-fold increment for the former and (f) 1.0V/s.
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Fig. 4. Comparison between LSSV (a), DPSV (b) and OSWSV (c) Fig. 5. Effect of the accumulation time on the OSWAS voltam-
of 8 x 10" M Tarabine PFS in 0.1 M Sorensen buffel0.073 M mograms of 4< 10-°M Tarabine PFS at pH 7.7: (a) blank; (b)
NaCl+8.8 x 108 M Hg?+, pH 7.7. All parameters of each mode ~ 0; () 30; (d) 60; (e) 120; (f) 180; (g) 240 and (h) 300s.

are cited in text.

1.46 ng/ml Tarabine PFS; it decreased to be 120s in
calculated from the following equatid@28]: presence of 9.72g/ml (4 x 10~>M) Tarabine PFS.
! The charge of the double laye®q) is calculated
2.43t . . .
t=—= by applying a double potential-step chronocoulometric
technique for the supporting electrolyte at pH 7.7. In
to be 35nm, wheré the mercury ion deposition cur-  the presence of610~% M Tarabine PFS, the adsorbed
rent,t the deposition time andthe disk radius. Other ~ charge valuesQ{ag9 has been calculated and found to
experimental parameters were optimized by varying be 9.8uC. The surface coverage can be measured from
each one. the division of the number of coulombs transferred
Under the foregoing optimal parameters, the adsorp- by the conversion quantity (nFA) yielding coverage
tive preconcentration of Tarabine PFS at MFE surface of 8.98x 10~ mol cmi~2. Thus, every mole Tarabine
and the application of a subsequent square-wave scanPFS occupies an area of 4.764%at the electrode
in the positive directions gave rise to two oxidation surface.
peaks in Sorensen buffer, pH 7.7. A large response
after 60 s of accumulation time for an assay con- 3.4. Quantitative Utility
centration of 410~/ mol/l Tarabine PFS is obtained
greater than the direct response={ 0). This indi- Fig. 6A shows the voltammograms for solutions of
cated that Tarabine PFS could be determined strongly increasing Tarabine PFS concentrations in presence of
using adsorptive square-wave stripping voltammetry 0.1 M isotonic Sorensen buffer applying 120s accu-
(AdSWSV) compared to direct square-wave voltam- mulation time at pH 7.7. Well-defined stripping peaks
metry (SWV). The effect of accumulation timed) were observed. The resulting calibration plots are also
on the stripping peak current of % 10-8moll/l shown inFig. 5B following 0 (a), 30 (b), 60 (c), 120
(9.73ng/ml) Tarabine PFS has been investigated (d) and 240 (e) seconds of preconcentration. The strip-
(Fig. 5. The linearity limits of time at different  ping peak currents for the drug increase linearly with
concentrations of Tarabine PFS are studied. Linear increasing their concentrations up to | d® at lower
relationships are obtained up to 300s in presence of accumulation timesHig. 6B, curve b, ¢) and up to

r
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(d) 120 and (e) 240s, other parameters as cited in the text.

6 M at higher ones (curve d, e). Other slopes are ob-
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PFS (6x 10-8M) applying 120s accumulation, the
mean peak current was 0.A with standard devi-
ation 0.062. A detection limit of 0.24 ng/ml Tarabine
PFS (1x 10-2 M) is easily achieved using the forego-
ing optimal conditions applying 240s accumulation.
Also, the detection limit was theoretically calculated
using the equationd = 3SD./a [38] where S.D. is
the standard deviation aradthe slope of the calibra-
tion curve. It was found to be 0.134 ng/ml Tarabine
PFS (551x 10-10M). This dL value is more sensitive
than that cited in other publicatiofid0,31] indicating
the high sensitivity of our procedure.

3.5. Determination of ssDNA and its reaction with
Tarabine PFS

The interaction of the anticancer drug Tarabine PFS
with ssDNA has been studied under the foregoing ex-
perimental conditions. The acidic and alkaline media
have been avoided to prevent any denaturing of DNA
molecule.Fig. 7 shows the OSWS voltammograms
of 0.1 M isotonic Sorensen buffer as supporting elec-
trolyte (peak a) in presence of 0.243 ng/ml Tarabine
PFS (peak b). Peak c is obtained by addinggiml of
ssDNA in absence of Tarabine PFS. The effect of the
spiked ssDNA on the adsorptive square-wave stripping
voltammogram of Tarabine PFS is indicated by peak
d after 120s accumulation time. It is observed that
one-half reduction in the Tarabine PFS peak height is
obtained with a little shift in potential.

The electrochemical behaviour of ssSDNA molecules
was studied by cyclic voltammetry at pH 7.7 at MFE
and indicated that there is one oxidation peak at about
—1.1V and no cathodic peak under the applied poten-
tial range. The electrochemical inactivity of DNA in
the cathodic potential range may be due to the merg-
ing of cathodic peaks at low ssDNA concentrations
with the background dischardd9]. So, the electro-
chemical reaction of ssDNA at the surface of MFE is
considered to be irreversible reaction. The oxidation

tained in higher concentration ranges at 120 (curve d) mechanism of ssSDNA molecule is probably due to the
and 240 (curve e) accumulation times probably due to oxidation of -NH group in the guanine molecul&0],
reorientation of the drug molecules adsorbed on the it cannot be due to the oxidation of adenine molecule

surface of MFE. The calculations of these calibration
plots are summarized ifiable 1

The adsorptive accumulations of Tarabine PFS re-

sult in highly reproducible stripping peak currents. For
ten successive measurements of 0,046nl Tarabine

because the guanine groups are initially oxidized and
this is proved by several methofl]. Also, the cyclic
voltammograms of guanosiné-Bonophosphate so-
lutions give the same behaviour at the same poten-
tial, which proved the suggested mechanism for the
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Table 1

Characteristic features of the calibration graphs for Tarabine PFS at the MFE, pH 7.7 in 0.1 M isotonic Sorensen buffer
Concentration range tacc (S) Equation Limit of Standard Correlation
(M) (nA pM—1 linearity (M) deviation coefficient
5x 10°-1 x 10°° 0 Y=03X +0.2 1x 1075 1.7167 0.9996
5x 109-1 x 105 30 Y = 0.55 + 0.4 1x 1075 1.8278 0.9989
5x 1079-1 x 10°° 60 Y =0.62X + 0.6 1x 10°° 1.8823 0.9981
5x 109-1 x 10°° 120 Y =0.6X + 0.7 6x 06 1.9131 0.9978
5x 1079-1 x 105 180 Y =0.71X + 0.8 6x 0°° 1.9291 0.9974

oxidation of ssDNA molecules. The experimental re- at 120 s preconcentration time. The oxidation peak (1)
sults of the relationship between the square root of height is decreased by adding ssDNA concentrations
scan rate and the peak height gave a linear relationshipwithout shifting in potential. This depression in peak
with slope value tends to unity (0.9A mV—1/2s1/2) (1) currents may be due to only the adsorptive compe-
and correlation coefficient value (0.9986). Therefore, tition between ssDNA molecules and the protonated
it is assumed that the appearance of the oxidation peakform of the drug at the electrode surface. There is
is due to the adsorption of the oxidized guanine group. also a depression in the height of peak (1) by adding
The interaction of ssSDNA macromolecule with the different concentrations of ssDNA. This depression
anticancer drug-under investigation has been studied
by adding ssDNA concentrations to definite concen-
tration of the drug and running voltammograms in
the anodic direction of potentials without preconcen- -21.004
tration (i.e. at 0s) and with several preconcentration
times (i.e. at 30, 60 and 120 §)ig. 8A shows the stan-

-24.001

dard additions of ssDNA onxt 108 M Tarabine PFS <
3
-18.00
>
-33.00 R R 1 f ¢ ) N ¢ ' a:) ~15.00
-
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¢}
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Fig. 7. Osteryoung square-wave anodic adsorptive stripping Fig. 8. Standard addition of different concentrations of ssDNA
voltammograms of: (a) supporting electrolyte; @M 1 nm/ml ranged from 9.7 ng/ml to 4,0g/ml on 1x 10-6M Tarabine PFS
Tarabine PFS; (ck + 1pg/ml DNA and (d)a+ b +c at pH 7.7 at 120s (A) and at different preconcentration times (B): (a) O; (b)
using the experimental parameters. 30; (c) 60 and (d) 120s.
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is highly observed without preconcentratidfid. 8B, 3000ttt L
curve a) with adding lower concentrations of sSsSDNA
molecules and it is observed to be decreased by in-
creasing the accumulation times (curve b—d). As it is -24.00
well-known that the interactions between the purine
or pyrimidine micro molecules and the DNA bases
may be due to Van der Waals or hydrogen bonding
between certain groups on the drug molecules and on
the DNA bases or ionic interactiofit]. So, we postu-
lated that the mechanism of the interaction of SSDNA
with Tarabine PFS is that the formation of hydrogen
bond between the <O group in the oxidized form

of the drug and —Nkl group in guanine moiety. This -6.0004
postulate is probably predominant especially when we
use ssDNA molecules. The existence of weak shift in
the potential values may be due to the formation of 0.000+——r——1——————
hydrogen bonding between ssDNA and the drug. This p e S
is also proved by calculating the formal potenfié?] Potential V

for Tarabine PFS in absence of DNE%) and in pres-
ence of DNA E°') using cyclic voltammograms of Fig. 9. Effect of the accumulation time on the oxidation voltam-
both at 400 mV/s. It was found th& andE°’ values mograms of 25 ng/ml DNA at MFE, pH 7.7 under the experimen-
are—1..173 and—1.1V. This positive shift ir_1 forma_l ZI) %%Tcigofzso?s(‘g?elgg??h')nztigt's Sr)]dbl(%n;bébs). 0: (c) 15: (d) 30:
potential (about 73 mV) proves that the interaction

of DNA with the oxidized form of Tarabine PFS is

stronger than that with the reduced form. We could cumulation time on the oxidation peak of 25ng/ml
then calculate the ratio of the equilibrium constant ssDNA at pH 7.7. The peak height increases linearly
(K1) between the reduced free form and the reduced with increasing the preconcentration time up to 300s.

1 '
o oo
(=] =]
s 3

-12.004

Current/uA

~9.000+

-3.0001

bonded form and the equilibrium constai,] be- Because of the oxidation peak potential of sSDNA is
tween the oxidized free form and the oxidized bonded very close to the oxidation peak potential of Tara-
form by applying the following equatiof#2]: bine PFS, the calibration plots of ssDNAig. 10
o/ o K>

2(E°" — E°) = 0.059 Iog(K—1> 35

It was found thaK; value is 298 times than that of 3
Ki. This means that ssDNA is completely interacted =~ $.25
with the oxidized form that contains carbonyl group g 2
and approximately negligible interaction with the re- g 15 -
duced form that contains amino group. Therefore, it S o1
is concluded that the carbonyl group—in the oxidized 05
form—is the predominant function group for the inter-

0 v v r

action between ssDNA and Tarabine PFS. This kind of 0 1 2 3 4
interaction has been proposed previously using other
methods, e.g. UV hyperchromicity and IHNMR spec-
troscopy or single cell gell electrophore§is,44] Fig. 10. Calibration plots of different sSDNA concentrations spikes

The use of adsorptive stripping Osteryoung square- oM 5ng/ml to 3ug/ml at MFE applying 15 accumulation time:
wave voltammetr fgr monitgfingultra tr):';lce Igevgls of (a) in absence of Tarabine PFS (dashed line), (b) in presence

y _ gul IS of 5x 10-7 M Tarabine PFS, (c) k 10-®M Tarabine PFS, (d)

ssDNA under the foregoing experimental conditions s 10-6M Tarabine PFS and (e)110-5M Tarabine PFS, other
has been also utilizedkig. 9 shows the effect of ac-  parameters as cited in the text.

Concentration of ssDNA, ng/ml
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Table 2
Characteristic features of the calibration graphs for ssDNA at the MFE, after 15s accumulation time, pH 7.7 in 0.1 M isotonic Sorensen
buffer

Concentration range Equation Limit of Standard Correlation
from 5ng/ml to 3ug/ml (wA pg~tml—1) linearity (uwg/ml) deviation coefficient
In absence of Tarabine PFS Y =0.79X + 0.002 2.0 1.0815 0.9988
In presence of 0.pM Y =0.79% + 0.002 2.0 1.0700 0.9984
In presence of 1.QM Y =0.78X + 0.002 2.0 1.0401 0.9982
In presence of 5.0M Y = 0.53X + 0.001 2.0 0.5768 0.9895
In presence of 10.aM Y =0.3X 2.0 0.3036 0.9871

have been obtained after 15s accumulation time in a new peak at about0.03V, which is far enough
absence of Tarabine PFS (line a) and in presence ofabout that of the drug under investigation. Addition
different concentrations of Tarabine PFS (lines b—e). of ascorbic acid and uric acid up to>1 0~* and

It is observed that the presence of Tarabine PFS up 1 x 103 M, respectively has no effect. The addition
to 1pM has no effect on the determination of ss- of gelatin and some surfactants (e.g. CTAB, SDS and
DNA molecules. All characteristic features of cali- Triton X-100) that can interfere with drug determina-
bration graphs for different concentrations of sSSDNA tion by co-adsorption onto MFE indicates that there is
have been cited ifable 2 As we know, to have a sig-  a slight depression in peak current if their concentra-
nificant analytical utility, the electrode response must tion exceeds 12.5 mg/ml (about 25 times drug concen-
exhibit not only high sensitivity but also well-defined tration). The influence of anions (e.g. 0, NO3~,

and reproducible concentration dependence. For thisPOs3~, CI7) on the oxidation peaks of the investi-
purpose, the reproducibility of the adsorption process gated compound was studied. It was found that these
has been checked on 10ng/ml ssDNA. Well-defined anions have no any influence when their concentration
and reproducible peaks are obtained (by running nine exceeds 50 times of drug concentration«(20~2 M).
experiments) having a mean value of the current of  Because of the high degree of adsorption, sensitiv-
1.45p.A with coefficient of variation 1.9%. The low- ity and selectivity of the drug at MFE, the described
est concentration of DNA detected is 3ng/ml at an method is suitable for the drug quantitation in biologi-
accumulation time of 120s. Therefore our procedure cal fluids, viz. urine samples. The preparation of urine
seems to be rapid, simple, sensitive and reproducible samples for drug determination is made as mention

than those in previous repoit34,45]. in previous workl46]. As reported that Tarabine PFS

is degraded in the gastrointestinal tract. After oral ad-
3.6. Interferences and analytical utility ministration, only about 20% of the drug reaches the
for urine analysis circulation[7]. Peak concentrations of 2—pM are

measurable in plasma after injection of 30—300 mg/I

The effect of the following metal ions and the possi- intravenously. Less than 10% of the injected dose is
ble interfering organic substances, which are of great excreted unchanged in the urine within 12—24 h, while
significance in biological matrices or can affect on most appears as the inactive arabinosyl uracil (deami-
the adsorption of drug on MFE surface, viz. Fe(lll), nated product). It is found that 8—-10% of the injected
Fe(ll), Zn(ll), Cd(ll), Mn(ll), Pb(ll), Cu(ll), ascorbic drug dose was recovered in urine sample. Therefore,
acid, uric acid, amino acids, gelatin and some surfac- down to 0.23 ng/ml could be easily detected in urine
tants (e.g. CTAB, SDS and Triton X-100) is tested samples.
at pH 7.7. It was found that Fe(ll), Fe(lll) and Pb(ll)
ions have not any effect on the adsorption of the drug.
Zn(ll), Mn(ll) and Cd(ll) ions have an effect when 4. Conclusion
their concentrations exceed 50 times that of Tarabine
PFS concentration. Cu(ll) ion has an effect when its  This work has demonstrated that Tarabine PFS
concentration reaches 0.p#y/ml with appearing of has two oxidation peaks and one reduction peak at
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mercury film electrode. From the analytical point
of view, the second oxidation peak could be easily
used for the determination of nanomolar concentra-
tion levels of the drug in both aqueous and biological
media. MFE gave rise to 4 and 25-fold enhance-
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