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Abstract

The interaction of cis-diamminedichloroplatinum(ll) is-DDP) and the potential novel chemotherapeutic agesisbis(3-
aminoflavone)dichloroplatinum(Ilc{s-BAFDP) was studied electrochemically with calf thymus double-stranded DNA (dsDNA) by using
differential pulse voltammetry (DPV) with disposable pencil graphite electrode (PGE) at the surface. These studies were prompted by ben-
eficial biological properties afissBAFDP in comparison witltis-DDP, which were proven in vitro both in human normal and cancer cells
and in vivo. The changes in the experimental parameters such as the concentreisdbP andcis-BAFDP were studied by using DPV; in
addition, the reproducibility of this genosensor and the detection limit for each compound were determined. After the interastizDPf
with dsDNA, the DPV signal of guanine and adenine was found to be decreasing. In comparisais\BDP, a dramatic decrease at
adenine signal was also obtained after the interactianissB BAFDP and dsDNA. Similar results were also found in solution phase after the
latter compound interacts with poly[A]. The features of the proposed electrochemical method for the deteri@AGDP with DNA in
comparison witlcis-DDP are discussed and compared with those methods previously reported for the other type of DNA-targeted agents in
the literature.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction a large increase in the number of potential therapeutic targets
that are available for investigation. This growth in potential

The pharmaceutical industry is under ever-increasing targets hasincreased the demand for reliable target validation,

pressure to increase its success rate by bringing drugs intcas well as technologid4].

the market. Enormous advances in genomics have resulted in  Studies of small molecules which react at specific sites
along a DNA strand as reactive models for protein—nucleic
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series of weak interactions suchmastacking associated with  jacent bases (65% 1,2-d(GpG) between N7 atoms, 25%
the intercalation of aromatic heterocyclic groups between the 1,2-d(ApG) with the remaining part consisting of intra-
base pairs and hydrogen bonding and van der Waals interacstrand cross-links (1,3-d(Gp-NpG)), inter-strand cross-links
tions of functional units bound along the groove of the DNA with DNA as well as binding to proteins and formation of
helix [2]. monoadduct$§32,35,36]

The interaction of DNA with other molecules is an im- cis-BAFDP belongs to a class of compounds extensively
portant fundamental issue in life sciences. The investigation investigated. Introduction of flavone ligand could change the
based on DNA interactions has great importance in the un- DNA-binding properties of the compound as comparetiso
derstanding of action mechanisms of some anti-tumor andDDP. It was reported thatis-BAFDP exhibited significant
anti-viral drugs and some-carcinogenic molecules, design-  anti-tumor activity against the development of leukemia after
ing of new DNA-targeted drugs and screening of these drugsintraperitoneal implantation of L1210 cells into mif2/].
invitro. The interactions of some anticancer drugs with DNA Stronger DNA degradation was also observed in L1210 cells
have been studied by a variety of technig[®s3]. in vitro after this compound application but not in the cells

Electrochemistry offers great advantages over the existingincubated withcis-DDP [38].
devices based on optical schemes because electrochemical Itis worth noting thatis-BAFDP was also less genotoxic,
ones provide rapid, simple and low-cost point-of-care detec- cytostatic and induced apoptosis and necrosis to a smaller
tion of specific nucleic acid sequend8s-12]. Electrochem- degree in normal human lymphocytes in comparison with
ical genosensors play an important role for pharmaceutical, cisDDP but was a more effective apoptosis inducer in hu-
clinical, environmental, and forensic applications. In recent man non-small cancer lung line A5499-41] Pietras et
years, there is a growing interest for design of biosensorsal. [42] noticed that addition of antioxidant molecule (e.qg.
that exploit interactions between surface-confined DNA and 3-aminoflavone) tacissDDP prevented deoxyribose degra-

target drugs for their rapid screenifig—28] dation by cis-BAFDP. cissBAFDP andcis-DDP were also
Currently, cissDDP (shown inFig. 1A) is widely used applied in the comet assay performed in human non-small
in chemotherapy of many types of cand2®]. However, cell lung cancer A549 cell line and in normal human lym-
besides effectiveness it gives many side effects which limit phocytes. Different patterns of DNA damage obtained after
the clinical application of this compourjd0,31] their application can suggest another mechanism of action

Therefore, studies are focused on searching for novel of each tested compourid3,44] However, electrochemi-
analogs oktis-DDP, at least equally effective in chemother- cal methods have not been used for studying properties of
apy but less toxi¢32—34] cis-BAFDP in comparison witltiss-DDP previously. There-

cis-Bis(3-aminoflavone)dichloroplatinum(ll) cis-BAF- fore in the study performed by Oliveria Brett et H5], the
DP) (shown inFig. 1B) was synthesized by modification electrochemical determination of interaction in the solution
of the cissDDP molecule involving the introduction of a 3- phase between anticancer drug, carboplatin and DNA was
aminoflavone unit in place of one of the hydrogen atoms of studied by using glassy carbon electrode (GCE). These ex-
the amine group. Additionally, Nijveldt et d133] reported periments were done as carboplatin was added to the solution
that flavonoids exhibit beneficial properties, e.g. anti-tumor containing the single-stranded DNA (ssDNA). In conclusion,
and antioxidative, and they are more toxic in cancer cells thanthere was a decrease observed in the oxidation current of
in normal ones. adenine on increasing the concentration of carboplatin in so-

It is believed thatis-DDP shows its anti-tumor proper- lution while the guanine oxidation currents decreased only
ties by binding to DNA. Ca. 90% of total platinum—DNA slightly. These electrochemical results clearly demonstrated
adducts comprise 1,2-intra-strand cross-links including ad- that for low concentrations, carboplatin interacts preferen-

tially with adenine rather than guanine groups in the DNA.
They reported that since its binding to DNA occurred cova-

HgN\P N, lently and consequently, it could be possible to develop an
Y, t\ indirect analytical method to determine platinum compounds
(A) Cl with anti-tumor activity by measuring this interaction.

The interaction between some other platinum complexes,
potent anticancer agents and DNA was studied by using DPV
at wax-impregnated graphite electrdd@]. Brabec reported
that the paraffin wax-impregnated spectroscopic graphite
electrode (PWISGE) transducer displays an analytically use-
ful response for submicromolar levels of [Pt-(dien)(®)]%*
at short accumulation times as 2—10 min based on diminution
of the guanine oxidation signal.

There are no data concerning evaluation of electrochem-

Fig. 1. Chemical structures of the tested compoundsc{&PDP; (B) cis- iGaI genosensing Of_ the int?raCtion between n9V9| poten-
BAFDP. tial chemotherapeutic agermtis-BAFDP and DNA in com-
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parison to the interaction betweeis-DDP and DNA. In 2.4. Disposable electrode preparation for designing of

this study, we demonstrated the electrochemical detection ofgenosensor

the interaction betweenis-BAFDP and DNA (or polynu-

cleotides) in comparison teis-DDP by using DPV in The renewable PGE that was described in the studies

combination with the disposable genosensor, PGE, based27,28]was used in voltammetric measurements for the elec-

on the differences in the adenine oxidation signals using trochemical detection of DNA interactions. A Noki Pencil

cis-BAFDP andcis-DDP concentrations obtained by MTT model 2000 (Japan) was used as a holder for the graphite

assay. lead. Electrical contact with the lead was obtained by solder-
ing a metallic wire to the metallic part. The pencil was held
vertically with 12 mm of the lead extruded outside (10 mm

2. Experimental of which was immersed in the solution).

2.1. Apparatus 2.5. Interaction of surface-confined DNA with cis-DDP

The oxidation signals of guanine and/or adenine were in-  PGE was pretreated by applying +1.40V for 30 s in blank
vestigated by using differential pulse voltammetry (DPV) 0.50 M acetate buffer solution (pH 4.80) without stirring. The
with an AUTOLAB-PGSTAT 30 electrochemical analysis dsDNA was immobilized on a pretreated PGE by applying
system and GPES 4.8 software package (Eco Chemie, Thepotential at+0.5V during 5 minin 10g/mL DNAin 0.50 M
Netherlands). The raw data were also treated in all DPV acetate buffer solution containing 20 MM NacCl. The elec-
measurements by using the Savitzky and Golay filter (level trode was then rinsed with 0.50 M acetate buffer solution (pH
2) of the GPES software, followed by the moving average 4.80)for 10s. The dsDNA-modified PGE was thenimmersed
baseline correction with a “peak width” of 0.01. The three- into 0.50 M acetate buffer solution (pH 4.80) containing dif-

electrode system consisted of the Pencil graphite working ferent concentrations afissDDP with 200 rpm stirring for

electrode, an Ag/AgCI reference electrode (Model RE-1,
BAS, W. Lafayette, USA) and a platinum wire as the aux-
iliary electrode.

2.2. Chemicals

The calf-thymus DNA (as lyophilized powder) and
polyadenylic acid (§ poly[A] were obtained from Sigma
(Germany). dsDNA stock solution (100 mg/L) and synthetic
polynucleotide stock solution (100 mg/L) were prepared with
TE solution (10 mM Tris—HCI, 1 mM EDTA, pH 8.00) and
kept frozen. More dilute solutions of DNA were prepared
with ultrapure distilled water. Other chemicals were of ana-
lytical reagent grade.

cis-DDP was obtained from Sigma Chemical Gos-
BAFDP was synthesized and is structurally related to
cis-DDP, containing a flavone molecule instead of amine
with two cis bound labile chloride ligand$45]. Before
experiments the compounds were dissolved in DMSO
(Sigma).

2.3. Electrochemical procedure

Each measurement involved the immobilization of the nu-
cleic acid interaction witltis-DDP orcis-BAFDP detection

5min at open circuit system. The electrode was then rinsed
with 0.50 M acetate buffer solution (pH 4.80) for 5s. The ox-
idation signals of guanine and adenine were taken by using
DPV in the blank 0.50 M acetate buffer (pH 4.80) containing
20 mM NaCl.

2.6. Interaction of surface-confined DNA with
cis-BAFDP

PGE was pretreated by applying +1.40V for 30 s in blank
0.50 M acetate buffer solution (pH 4.80) without stirring. The
dsDNA was immobilized on a pretreated PGE by applying
potential at +0.5 V during 5 min in 0g/mL DNA in 0.50 M
acetate buffer solution containing 20 mM NaCl. The elec-
trode was then rinsed with 0.50 M acetate buffer solution (pH
4.80) for 10 s. The dsDNA-modified PGE was then immersed
into 0.50 M acetate buffer solution (pH 4.80) containing dif-
ferent concentrations afs-BAFDP with 200 rpm stirring for
5min at open circuit system. The electrode was then rinsed
with 0.50 M acetate buffer solution (pH 4.80) for 5s. The
oxidation signals of guanine were taken by using DPV in
the blank 0.50 M acetate buffer (pH 4.80) containing 20 mM
NaCl.

2.7. Interaction of surface-confined poly[A] with
cis-BAFDP

cycle at a new PGE surface. Repetitive measurements were
carried out by renewing the surface and repeating the above PGE was pretreated by applying +1.40V for 30 s in blank
assay formats by using PGE. The analytical signals represen.50 M acetate buffer solution (pH 4.80) without stirring.
the differences in guanine and/or adenine peak height mag-The poly[A] was immobilized on a pretreated PGE by ap-
nitudes obtained with dsDNA or pOly[A] modified PGEs. p|y|ng potentia| at+0.5V during 5minin ]‘lm/mL po|y[A]

All the experiments were performed at room temperature jn 0.50 M acetate buffer solution containing 20 mM NaCl.
(25.0+£0.5)°C. The electrode was then rinsed with 0.50 M acetate buffer so-
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lution (pH 4.80) for 10 s. After transfer of poly[A] modified
PGE into blank solution, the oxidation signals of adenine
were taken by using DPV in the blank 0.50 M acetate buffer
(pH 4.80) containing 20 mM NacCl.

The poly[A] modified PGE was then immersed into
0.50 M acetate buffer solution (pH 4.80) containingd/mL
of cissBAFDP with 200 rpm stirring for 5 min at open circuit
system. The electrode was then rinsed with 0.50 M acetate
buffer solution (pH 4.80) for 5s. The oxidation signals of
adenine were taken by using DPV in the blank 0.50 M ac- ¢
etate buffer (pH 4.80) containing 20 mM NacCl.

Peak G 50 nA

Peak A

CURRENT (nA)

0.85 095 1.05 115 1.25

2.8. Interaction of solution-phase poly[A] with (A) POTENTIAL (V)
cis-BAFDP a
PGE was pretreated by applying +1.40V for 30 s in blank I“’ nA
0.50 M acetate buffer solution (pH 4.80) without stirring.
The poly[A] was immobilized on a pretreated PGE by ap-
plying potential at +0.5V during 5 min in 30g/mL poly[A]
in 0.50 M acetate buffer solution containing 20 mM NacCl.
The electrode was then rinsed with 0.50 M acetate buffer so- A
lution (pH 4.80) for 10 s. After transfer of poly[A] modified
PGE into blank solution, the oxidation signals of adenine r T T
were taken by using DPV in the blank 0.50 M acetate buffer 1.18 123 1.28 1.33
(pH 4.80) containing 20 mM NaCl. (B) POTENTIAL (V)
cisBAFDP in the concentration level of dg/mL ) ) . ) o
was added into 0.50M acetate buffer solution containing E'g'PZ' (A) Differential pulse voltammograms for the interactionois:

) . with dsDNA as showing the oxidation signal of guanine (peak G)
10ng/mL poly[A]. The constituents of the mixture were then and adenine (peak A) before interactionais-DDP (a); after interaction
immobilized on a new pretreated PGE by applying a poten- of cisDDP (b) with dsDNA at PGE surface in 0.05M acetate buffer (pH
tial of +0.50 V for 5 min with 200 rpm stirring. The electrode  4.80).dsDNA accumulationn a pretreated bare PGE for 5min at+0.50 Vin
was then rinsed with 0.50 M acetate buffer solution (pH 4.80) 101g/mL dsDNA containing 0.50 M acetate buffer (pH 4.80) with 20 mM
for 5. The oxidation signals of adenine were taken by using SNyas(t:;r‘T']""tg_ﬁc;/?ffrnli;tggnlfﬂ%gg;?:;;:lzﬂzzrs(gw f&;pvsi?hcgm
DPV in the blank 0.50 M acetate buffer (pH 4.80) containing yacl. Measurementscanning between +0.80V and +1.40V at 50 m¥'s

20 mM NacCl. pulse amplitude, in blank 0.50 M acetate buffer (pH 4.80) with 20 mM NaCl.
The lines labelled with (c) denote the voltammetric response of the bare PGE
in a blank as 0.50 M acetate buffer (pH 4.80). (B) Differential pulse voltam-
mograms for the interaction afisBAFDP with dsDNA as showing the
oxidation signal of adenine before interactitia-BAFDP (a); after interac-

tion of cis-BAFDP (b) with dsDNA at PGE surface in 0.05 M acetate buffer
Fig. 2shows the differential pulse voltammograms (DPV) (pH 4.80).cis-BAFDP accumulation5 min at open circuit system, 4Q.M

for the interaction otis-DDP andcis-BAFDP with dsDNA for cis-BAFDP in 0.50 M acetate buffer (pH 4.80) with 20 mM NaCl. The

as Showing the oxidation signal of guanine and adenine be-lines labelled with (c) denote the voltammetric responsglof the bare‘PGE in
fore and after interaction of the compounds with dsDNA- a blank as 0.50 M acetate buffer (pH 4.80). Other conditions are as in (A).
modified PGE as the one witlissDDP (A) andcis-BAFDP

(B) in concentration level of 6.4M and 40.7u.M, respec- A series of three repetitive DPV signals of guanine and
tively. No oxidation signal related to the compouwistDDP adenine at 1Q.g/mL concentration level of dsDNA at PGE
was obtained with the bare PGE at the potential range betweersurface resulted in reproducible results such as a mean re-
+0.80V and +1.4V. Thus, the changes at oxidation signals sponse of 128.5nA and 70 nA, respectively, with a relative
of guanine and adenine obtained with the dsDNA-modified standard deviation of 7.3% and 10.2%.

PGE before and after the interaction witts-DDP. On the When the concentration of the compound was increased
other hand, the oxidation signal related to the compauisd to different levels, there was observed a gradual de-
BAFDP was observed at around +1.0V as the similiar peak crease/increase in different altitude at guanine and/or adenine
potential of guanine; because of this reason, we focused onoxidation signal by using dsDNA-modified PGE. fig. 3,

the changes at the oxidation signals of adenine obtained withthe changes at the oxidation signals of guanine (A) and ade-
the dsDNA-modified PGE before/after the interactiomisf nine (B) before and/or after interaction of dsDNA at PGE
BAFDP with DNA or PolydA at PGE surface or in solution surface withcis-DDP in different concentrations, 6uM,
phase. 1.5uM and 0.5uM, were presented. A dramatic decrease at

CURRENT (nA)

b

3. Results and discussion
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Fig. 3. Histograms presenting the changes at guanine and/or adenine oxidation signals for each compound before and after interaction with d&SDNA at PG
surface: (A) Oxidation signals of guanine (a) at bare PGE before and after interactiDidP at concentration level of (b) 6udM; (c) 1.5pnM; and (d)

0.5uM with dsDNA concentration level of 1@g/mL in 0.50 M acetate buffer (pH 4.80). Other conditions are &5dn2A. (B) Oxidation signals of adenine

(a) at bare PGE before and after interacttd®DDP at concentration level of (b) 6uIM; (c) 1.5uM; and (d) 0.5.M with dsDNA concentration level of

10g/mL in 0.50 M acetate buffer (pH 4.80). Other conditions are &5dn2A. (C) Oxidation signals of adenine (a) at bare PGE before and after interaction
cis-BAFDP at concentration level of (b) 40uMM; (c) 10M; and (d) 1M with dsDNA concentration level of 1@g/mL in 0.50 M acetate buffer (pH 4.80).

Other conditions are as fg. 2A.

guanine signal to about 71% was observed after interactioncentration level of dsDNA at PGE surface resulted in repro-
with 6.1u.M of cis-DDP in comparison to guanine signal ob- ducible results such as a mean response of 10nA, with a
tained in the absence afs-DDP. When the concentration relative standard deviation of 5.6%. The detection limit esti-
of cisDDP was decreased up to 1™ and 0.5uM, we mated from S/N =3 corresponds to 600 nM fis-BAFDP
observed a smaller decrease to about 37% and 9%, respecat dsDNA-modified PGE in 5 min accumulation time.

tively. A decrease at adenine signals was also observed to The decrease in both the oxidation signals of guanine
about 34%, 75% and 60% according to the same concentra-and/or adenine was attributed to the binding of these com-

tions of cisDDP, respectively, 6.jtM, 1.5uM and 0.5uM pounds to these electroactive bases: this phenomenon could
in comparison to adenine signal obtained in the absence ofbe explained by the shielding of oxidizable groups of elec-
cis-DDP. troactive bases such as guanine and/or adenine eigilRDP

A series of three repetitive DPV signals of guanine andcis-BAFDP interact with DNA at electrode surface or in
and adenine for interaction between ANl cissDDP and solution phase.
10wg/mL concentration level of dsDNA at PGE surface re- In one of the previous studies, it was reported that platin
sulted in reproducible results such as a mean response otompounds bind covalently to DNA with cross-links between
41 nA and 55nA, respectively, with a relative standard de- two bases on opposite strands of DNA helix and intra-strand
viation of 4.2% and 6.1%. The detection limit estimated cross-links oftwo bases onthe same DNA strri]. Brabec
from S/N =3 corresponds to 122 nM fois-DDP at dsDNA- presented the results that show a linear decrease at guanine
modified PGE in 5 min accumulation time. signal upon increasing concentrations of submicromolar lev-

The possibility of a similar binding event between ade- els of [Pt-(dien)(HO)]2*in 10 min as accumulation time with
nine at dsDNA and the analoguis-BAFDP is shown in DNA by using the paraffin wax-impregnated spectroscopic
Fig. 3C. The changes at the oxidation signals of adenine be- graphite electrode (PWISGE)7]. This decrease in guanine
fore and/or after interaction of dSDNA at PGE surface with signal was explained that it appears to reflect the formation
this compound in different concentrations, 4QM, 10.2uM of DNA adducts of [Pt-(dien)(k0)]?*.
and 1uM, were presented. A dramatic decrease at adenine The increase at the guanine and/or adenine signals may
signal was found to about 87.5% in concentration level of also be attributed to the cleavage and/or unwinding of the ds-
40.7uM of this analogue in comparison to adenine signal DNA helix. A similar increase in the oxidation signals of gua-
obtained in the absence oE-BAFDP. A decrease was also nine were observed for the cleaving agent by using hanging
observed at adenine signals to about 60% and 80% in the conmercury electrod¢l3] and by using CPE/PGR6-28] As
centrations otis-BAFDP, 10.2uM and 1M, respectively. these compounds may also cleave dsDNA, the guanine bases

A series of three repetitive DPV signals of adenine for in- could become available to the oxidation. After Al cis-
teraction between 40¥M cis-BAFDP and 1Qug/mL con- DDP application, the guanine signals remained constant indi-
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2500 times more efficiently thanis-BAFDP. It should be stressed

:é‘ 2000 - thgt cytothic acti\_/it_y of the platinum complexes is Fieter—
=3 mined by its reactivity towards DNA, e.g. the formation of
% 1500 7 intra-strand and inter-strand DNA cross-links, binding with
E 1000 mitochondrial DNA and also by other phenomena, e.g. in-
O 5004 teractions with phospholipids and phosphatidylserine in the

0 T ﬁ ‘ cellmembrane and proteins, which results in nephrotoxic and

a b c ototoxic effects and neuropathy. Moreoves-DDP induces

reactive oxygen species, superoxide anions and hydroxyl rad-
Fig. 4. Histograms presenting the changes at adenine oxidation signals aticals causing oxidative renal damage, which may increase
bare PGE (a) before and after interactioistBAFDP with poly[A] at PGE nephrotoxicity[40,49} Jakupec et a[32] reported thatis-

surface (b) and in solution phase (Bply{A] accumulatioron a pretreated . . -
bare PGE for 5min at +0.50 V in 309/mL PolyfA] containing 0.50 M ac- DDP enters the cell through passive diffusion only. On the

etate buffer (pH 4.80) with 20 mM NaCl with 200 rpm stirrirgjs-BAFDP other hand, the hydrophobicity of the 3-aminoflavone lig-
accumulation 5min at open circuit system, M for this compound in and could change the kinetics of transport of ¢tileBAFDP

0.50 M acetate buffer (pH 4.80) with 20 mM NacCl. In solution phate, through the membrane of the cells in comparison with
DNA and cisBAFDP accumulatioron a pretreated bare PGE during 5min  ¢is-DDP.

at +0.50V in 1Qug/mL dsDNA and 1uM cis-BAFDP containing 0.50 M . . . . . .
acetate buffer (pH 4.80) with 20 mM NacCl with 200 rpm stirril?V mea- F_rom this point of view it was |m_portant to pay at
suremenfrom +0.80V to +1.40V in the blank 0.50 M acetate buffer (pH tent'oln to the results .Of MTT assay_ in normal Cqmﬂ] )
4.80) with 20 mM NaCl. Other conditions are asFiiy. 2A. studying electrochemical genosensing of the interaction

between tested compounds and DNA. Therefore, in our
cating that all/some guanine bases on dsDNA were exposedstudies 1Gg (6.1uM), 1/4 x ICsq (1.5uM) and 1/12x ICsq
to damage bgis-DDP as in parallel results obtained afterin- (0.5uM) concentrations ofcissDDP as well as Igy
teraction between other compounds and ds)N326—28] (40.7uM), 1/4 x 1Cs0 (10.2pnM) and 1/40x 1Csq (1 M) of

After poly[A] was interacted at electrode surface or in so- cis-BAFDP were applied.
lution phase witltis-BAFDP in concentration level of LM, As a conclusion, electrochemical studies were prompted
a dramatic decrease was observed as the signal of adenine tby beneficial biological properties ofs-BAFDP in compar-
about 70% at PGE surface. The adenine signal almost disapison withcis-DDP, which were proven in vitro both in human
peared to about 99.5% when the interaction occured betweemormal and cancer cells and in vivo in mif39-41,43,44]
poly[A] with cis-BAFDP in solution phase. These results Such experiments are very important because of the poten-
(shown inFig. 4) based on adenine signals obtained using tial anticancer properties of these kinds of complexes and
poly[A] are in parallel to the ones obtained using dsDNA in detailed understanding of determination for recognition of
presence of the analoguas-BAFDP and also in agreement  DNA sites would be valuable in the rational design of new
to the results presented by Oliveria Brett ef85]. Thus, this DNA-targeted molecules for application in chemotheraphy
similar result could be explained as this decrease in the oxi-and in the development of new tools for the point-of-care
dation signal of adenine attributed to the preferential binding tests and diagnosis based on DNA.
of cis-BAFDP to the electroactive base as adenine.
MTT assay [3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-

razolium bromide] is the first step in evaluation of cytotoxic 4. Conclusion
properties of new chemical compounds in vitro especially
with their potential pharmacological applicatipt6]. It was The completion of the first draft of the human genome has
used to determine energetic cell metabolism by measuringmade it possible to foresee major steps forward in our under-
the activity of one of the oxidative enzymes. The dye is re- standing of the molecular basis of disease, both from attack
duced in mitochondria by succinic dehydrogenase to aninsol-by external pathogens and internally from variations within
uble violet formazan produ¢#1]. A higher cytotoxic effect the human genome resulting in a plethora of nhew molecu-
of cissDDP in normal human lymphocytes in comparison lar therapeutic targets for drug design and disco{iéryThe
with cisBAFDP was noticed by Kosmider et d40]. cis- extraordinary pace and scale of developments in the field of
DDP cytotoxicity is connected with induction of mainly DNA  genomics has forced a paradigm shift in the manner with
cross-links, reactive oxygen species generation and ability which the pharmaceutical industry approaches the discovery
of this compound to bind with proteins which causes many and development of new drug compounds.
side-effect$47—-49] On the other hanais-BAFDP contains The analysis of cytotoxic properties of new chemical
flavonoid ligand, whose anticancer properties were proved compounds in vitro is very important especially in case of
[33,50,51] It has been shown thats-BAFDP was less cy-  potential pharmaceuticals. Moreover, the reported electro-
totoxic thancis-DDP. The concentrations causing 50% inhi- chemical method here is experimentally convenient and
bition of lymphocyte growth (Igp) were 40.7uM for cis- sensitive so that it requires only small amounts of materials.
BAFDP and 6.JuM for cissDDP[40]. These resultsindicate  The experimental conditions were optimized by using
thatcis-DDP inhibits normal cell metabolic activity several disposable pencil graphite electrodes and this electrode
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improved the reproducibility and the inexpensive cost of this [11] J. Wang, Chem. Eur. J. 5 (1999) 1681-1685.
deve|oped assay. The success of PGE over existing carboml2] A. Erdem, M.I. Pividori, M. Del Valle, S. Alegret, J. Electroanal.

electrodes is its commercial availability. In principle, it can

be applied to a wide range of DNA-targeted molecules,

Chem. 567 (2004) 29-37.

[13] E. Palecek, M. Fojta, M. Tomschik, J. Wang, Biosens. Bioelectron.

13 (1998) 621-628.

provided they bear an electrochemically active moiety. [14] c. Teijeiro, P. Perez, D. Marin, E. Palecek, Bioelectrochem. Bioen-

Detecting the voltammetric behavior of several drugs that

interact with DNA would be valuable in the design of
sequence-specific DNA binding molecules for application in

chemotherapy and in the development of biotechnological

tools for the point-of-care diagnosis based on DNA.

The utility of electrochemical recognition of interaction
between this potential novel chemotherapeutic agest,
BAFDP and DNA in comparison tois-DDP is very simple,
cost-effective and provides rapid detection.

An understanding of the structural orientations, kinetics

erg. 38 (1995) 77-83.

[15] A.M. Oliveria Brett, H.P. Serrano, A. Macedo, D. Raimundo,

M.H. Marques, M.A. La-Scalea, Electroanalysis 8 (1996) 992—
995.

[16] J. Wang, M. Ozsoz, X. Cai, G. Rivas, H. Shiraishi, D.H. Grant, M.

Chicarro, J.R. Fernandes, E. Palecek, Bioelectrochem. Bioenerg. 45
(1998) 33-40.

[17] V. Brabec, Electrochim. Acta 45 (2000) 2929-2932.
[18] J. Wang, G. Rivas, D. Luo, X. Cai, F.S. Valera, N. Dontha, Anal.

Chem. 68 (1996) 4365-4369.

[19] J. Wang, G. Rivas, D. Luo, X. Cai, F.S. Valera, N. Dontha, P.A.M.

Farias, H. Shiraishi, Anal. Chem. 68 (1996) 2251-2254.

and thermodynamics associated with these complexes is piv{20] A. Erdem, M. Ozsoz, Anal. Chim. Acta 437 (2001) 107-114.
otal to design and development of novel “next-generation” [21] A. Erdem, M. Ozsoz, Turk. J. Chem. 25 (2001) 469-475.

chemotherapeutic agents. Elucidation of the forces that drive
the thermodynamics and kinetics properties associated wit

[22] A. Erdem, M. Ozsoz, Electroanalysis 14 (2002) 965-974.

h[23] J. Wang, G. Rivas, X. Cai, H. Shiraishi, P.A.M. Farias, N. Dontha,

D. Luo, Anal. Chim. Acta 332 (1996) 139-144.

complex formation coupled with structural and chemical fea- [24] F. Jelen, A. Erdem, E. Palecek, Bioelectrochemistry 55 (2002)

tures of the DNA binding ligands provides new insight into

165-167.

rational drug design. These studies can play a key role in[25] G. Marrazza, G. Chiti, M. Mascini, M. Anichini, Clin. Chem. 46

developing novel chemotherapeutic agents that could be piv-
otal in targeting specific genes and thereby provide selective

control of gene expressid8].

Progress in these laboratories is towards the goal of deter-

mining the cytotoxic and electrochemical behavior of newly
synthesized compounds with DNA, thus introducing the

novel methods to solve the phenomenal drug—DNA inter-

action mechanisms.
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