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Abstract

The interactions between cobalt polypyridyl coordination compounds Co(L)§+(L= 1,10-phenanthroline(phen), and bipyridine(bpy)),6-
mercaptopurine and calf thymus DNA have been investigated using electrochemical methods(cyclic voltammetry, differential pulse voltammetry),
electronic absorption spectroscopy and viscosity measurements. Results indicate that there is an obvious interaction equilibrium between Co(L)3",
6-mercaptopurine and DNA. The phenomena are investigated for the first time, and believed to be helpful to use the anticancer drugs more

efficiently.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Recently, the interaction of transition metal polypyridyl co-
ordination compounds with DNA has been extensively studied.
Due to the unusual binding properties and general photoactivity,
these coordination compounds are suitable candidates as DNA
secondary structure probe, photocleavers and antitumor drugs
[1,2]. The effects of size, shape, hydrophobicity, and the charge on
the binding of the complex to DNA have been studied by chang-
ing the type of heteroaromatic ligand or metal centre [3,4]. The
vast majority of such studies have been focused on complexes of
Ru(I) [5-7], but to a far lesser extent, on other metal complexes.
Barton has reported that chiral phenanthroline—cobalt(Il) com-
plexes recognize different local structures of DNA [3]. In the
previous work, we have synthesized many cobalt(IIl) complexes
and investigate their DNA-binding properties [8—10].

6-Mercaptopurine (6-MP) has been used as an antineoplastic
agent. For example, it constitutes an important part of the back-
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bone for the treatment of childhood acute lymphoblastic leukemia
(ALL). However, studies have showed that there are great indi-
vidual differences in the pharmacokinetics of 6-MP in the patients
with ALL [11]. It is difficult to keep optimal plasma levels of the
drug in some patients with standardized treatment regimens, at
least in children [12]. Normally, the 6-MP plasma concentrations
are found to be unexpectedly low and highly variable, with
marked individual differences found in the peak plasma
concentration and the time to peak concentration [13]. Therefore,
it is very important to control the 6-MP concentration and indi-
vidualize dosage regimens, ensuring the adequate drug exposure
required to prolong remission. Since both cobalt polypyridyl
complex and the 6-MP have antitumor activity, it can be en-
visioned that the combined use of these two reagent complexes
may exhibit strong antineoplastic action. In this regard, the
interaction between cobalt polypyridyl complex, 6-MP and DNA
has been investigated for the first time in our lab. The results
should be valuable in understanding the mode of the complex
binding to DNA, the sustained release of 6-MP, as well as laying
the foundation for the rational design of DNA structure probes
and antitumor drugs.
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2. Experiment
2.1. Materials

[Co(phen);](ClO4); and [Co(bpy)s](ClO4); were prepared
and purified according to the literature [14]. Calf thymus DNA
was obtained from Shanghai Changyang Biochemical Reagent
Company. Tris (where Tris is tristhydroxy methyl)amino-
methane) was purchased from Sigma Chemical Company. All
other reagents and solvents were analytical grade reagents and
were used as received.

All the spectroscopic titrations were carried out in buffer
solution (10 mmol/L Tris-HCI, 50 mmol/L NaCl, pH=7.2) at
room temperature. A solution of calf thymus DNA in the buffer
gave a ratio of UV absorbance at 260 and 280 nm of ca. 1.8—
1.9:1, indicating that the DNA was sufficiently free of protein.
Other materials were commercially available and used without
further purification unless otherwise noted, and doubly distilled
water was used to prepare buffer solutions.

2.2. Measurements

Cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) were performed with an Autolab PGSTAT-30 electro-
chemical analytical instrument (Holand). The three-electrode cell
comprised a reference saturated calomel electrode (SCE), aux-
iliary platinum foil and the working Pt disk (0.196 cm?®) elec-
trodes. For all the electrochemical studies, Tris (10 mmol/L Tris-
HCI, 50 mmol/L NaCl, pH="7.2) buffer was used as supporting
electrolyte. All the experimental solutions were purged with
nitrogen for 15 min prior to each set of experiments. Electronic
absorption spectra were recorded on a UV-8500 spectrophotom-
eter. Viscosity of 0.1 mmol/L DNA was measured using an
Ubbelodhe viscometer, immersed in a thermostated water-bath
maintained at 25+0.2 °C. Flow time was measured with a digital
stopwatch and each sample was measured three times, and
an average flow time was calculated. Data were presented as (1/
10)"? versus concentration of “cobalt polypyridyl complex—6-
MP” complex in DNA solutions [15,16], where # is the viscosity
of CT DNA in the presence of complex, and # is the viscosity of
CT DNA alone.

3. Results and discussion
3.1. Interaction between cobalt polypyridyl complex and 6-MP

3.1.1. Absorption spectroscopic studies

Absorption titration can monitor the interaction of metal
complexes with biologically molecules. The absorption spectra
of the complexes in the absence and presence of 6-MP were
illustrated in Fig. 1. In the UV region, the intense absorption
bands observed in the cobalt polypyridyl complexes were
attributed to intraligand and 7—n* transition of the coordinated
groups. With increasing 6-MP concentration, the hypochromism
increased and was accompanied by a red shift for both of the two
complexes. At the same time, a new absorption band appeared at
268 nm for the Co(phen);" complex, as shown in panel A. In
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Fig. 1. Absorbance spectra of polypyridyl cobalt complexes (A) Co(phen)s” (B)
Co(bpy)3". Cemp=1)0, 2)0.006, 3)0.02, 4)0.03, 5)0.06 mmol/L.

order to compare quantitatively the binding strength of the two
polypyridyl complexes, the intrinsic binding constants K, of
them with 6-MP were obtained by monitoring the changes in
absorbance at 220 nm for complexes 1 and 2, respectively, with
increasing concentration of 6-MP. The following equation was
applied:

Cs-wmp/(ea—¢r) = Co-mp/(e8—¢r) + 1/Kp(e3—¢r)

Where Cg.pp Was the concentration of 6-MP, the apparent
absorption coefficient ¢y, €5 and eg corresponding, respectively,
to the extinction coefficient of the free cobalt complex, the
extinction coefficient for each addition of 6-MP to the cobalt
complex and the extinction coefficient for the cobalt complex in
the fully bound form. In the plot of Cs_\vp/ (€4 — €f) VS. Comp, the
binding constant K, for phen complex was 7.7x10% L/mol,
while the corresponding value for the bpy complex was
3.7x10* L/mol.

3.1.2. Electrochemical titration

CV has proved to be a very sensitive analytical technique to
determine changes in redox behaviour of metallic species in the
presence of biologically important molecules [17,18]. The redox
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behaviour of metallic species is very sensitive to the coordination
surrounding the metal centre (solvent, ligand, charge), therefore
metal-based interaction can be detected using this technique. In
the absence of 6-MP, the CV of the cobalt complexes in the buffer
solution (pH=7.2) exhibited only one redox couples at the formal
potential % of 155 mV, taken as the average of cathodic peak
potential £, and anodic peak potential £y, (PI). The redox peaks
were attributed to Co(III/IT) reaction as shown in curve 1 in
Fig. 2A. The CVof Co(phen)3 " (v=100 mV/s) featured reduction
of Co(III) to Co(Il) at a cathodic peak potential (Ep.=120 mV).
The separation of anodic and cathodic peaks, AEp; of 73 mV,
indicated a quasi-reversible one-clectron redox process [/pi./
Ipj~ 1]. As shown in curve 5 of Fig. 2A, in the presence of 6-MP
(C6_MP:C%1',(phen)3:4:l), the cathodic and anodic peak potentials
were found to be at Ep;.=100 mV and Ep;,=158 mV. The peak-
to-peak separation became narrow with AEp;=58 mV, indicating
that in the presence of 6-MP the electron-transfer process seemed
to be improved, became reversible and the £ value was shifted
towards more negative region by about 26 mV. In the case of Co
(bpy)3", in the absence of 6-MP (curve 1 in Fig. 2B) the peak
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Fig. 2. Cyclic voltammograms of Pt electrode in solution containing 0.2 mmol/L
(A) Co(phen)3" and (B) Co(bpy)3". Ce.np=1)0, 2)0.2, 3)0.4, 4)0.6, 5)0.8 mmol/
L, v=100 mV/s.
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Fig. 3. Influences of 6-MP concentration on the peak current of (A)Co(phen)3”
and (B) Co(bpy)3".

potentials were found at Epi.=72 mV, Ep,=142 mV and
AE,=70 mV, which was considered to be also a quasi-reversible
one. In the presence of 6-MP (Cﬁ_Mp:CéZ(bpy):; =4:1), at the same
concentration of complex, the peak potentials (Ep;.=40 mV and
Ep,=89 mV) were shifted to more negative potential and the
redox couple with AE,=49 mV was found to be reversible. Thus,
the apparent £/ shifted to more negative potentials by 42 mV in
the presence of 6-MP. For the two complexes examined, both of
the redox couples were found to be reversible in the presence of 6-
MP, which clearly indicated that these complexes on interaction
with 6-MP facilitated electron transfer process in a better way.
Interestingly, a new redox couple (PII) appeared at negative
potential direction in CV of both of the two cobalt complexes
when 6-MP was added, accompanying by the decreasing of
Ipy, as shown in Fig. 2. As there was no redox reaction of 6-
MP happened in the range of potential in the experiment
condition, the new redox couple may be resulted from a new
kind of complex “cobalt polypyridyl complex—6-MP”, since
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there is strong interaction between the cobalt polypyridyl
complex and 6-MP, as revealed in the former absorption
spectroscopic studies. The decreasing of Ip. can be attributed
to the slow diffusion of the metal complexes bound to the
slowly diffusing 6-MP molecules.

Differential pulse voltammogram (DPV) of these com-
plexes as a function of added 6-MP also indicated a large
decrease in Ip;. and simultaneously an increase in Ipy, with
the increase concentration of 6-MP (Fig. 3). These can also be
attributed to the strong interaction between 6-MP and the
cobalt complex molecules. Moreover, when the ratio of Cq.
MP:C%J;(L)3 was great than 3, the PI peak became hardly
resolved and /Ip. changed little with the more increase
concentration of 6-MP, indicating that one molecule of cobalt
polypyridyl complexes could take interaction with at less
three molecules of 6-MP in the novel complex “cobalt
polypyridyl complex—6-MP”.
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Fig. 4. Cyclic voltammograms of Pt electrode in solution containing (A)Co
(bpy)3" —6-MP complex (B)Co(bpy)3 ' —6-MP complex. v=100 mV/s Cpya=1)
0, 2)0.41, 3)0.96, 4)1.42 mmol/L.
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Fig. 5. Influences of DNA concentration on the peak current of Co(phen)3 —6-
MP complex (A) and Co(bpy)3'—6-MP complex (B).

3.2. Interaction among cobalt polypyridyl complex, 6-MP and
DNA

3.2.1. Electrochemical titration

Cyclic voltammetric techniques have also been employed
to study the interaction among cobalt polypyridyl complex, 6-
MP and DNA. The two cathodic peak currents were
monitored as a function of added DNA (Fig. 4). In the
absence of DNA, the separation between the anodic and
cathodic peak potentials of cobalt polypyridyl complex—6-MP
(AEp;) was 58 mV for phen complex and 49 mV for bpy one,
indicating a reversible redox process. The formal potential
E% was 129 mV and 65 mV, respectively. The presence of
DNA (Cpna=1.4 mmol/L) in the solution at the same
concentration of two complexes caused a considerable
decrease in Ipy. and an obvious increase in Ipi., as shown
in curve 4 in Fig. 4, In addition, the peak potentials, Epj. and
Epy. had a shift to less positive potential. The separation of
the anodic and cathodic peak potentials of cobalt polypyridyl
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Fig. 6. UV-spectra of Co(phen)3 —6-MP complex (A) and Co(bpy)3 —6-MP
complex (B) Cpna=1)0, 2)0.008, 3)0.016, 4)0.024 mmol/L.

complexes, AEp;=68 mV for phen complexes and 85 mV for
bpy ones, which increased a few compared with the ones in
the absence of DNA, indicating a similar reversibility in the
electron transfer process in the presence of DNA.

DPV of these complexes as a function of added DNA also
indicated a large decrease in Ipy and simultaneously an in-
crease in Ipy, as shown in Fig. 5. It can be seen clearly that
the relationship is contrary to the one of Fig. 3, indicating the
release of 6-MP from the formed “cobalt polypyridyl
complex—6-MP”.

These phenomena and the one reported in the part 3.1 can
be explained with the equilibrium (1) and (2), as listed below.
The peak II was resulted from the complex “cobalt
polypyridyl complex—6-MP” and the peak I was due to
cobalt(Il) polypyridyl complex. As the concentration of DNA
increased, the equilibrium moved to the right, then the
concentration of “cobalt polypyridyl complex—6-MP” de-
creased and cobalt polypyridyl complex increased, resulting in
the decrease of Ipy. and increase of Ipy. in CV and DPV, as
well as the release of 6-MP at the same time. On the contrary,
when the concentration of 6-MP increased, the equilibrium
moved to the left, which lead to the increase of Ipy, and the
decrease of Ip. in CV (Fig. 2) and DPV (Fig. 3). It should be
noted that the crystal of new formed “cobalt polypyridyl

complex—6-MP” has not been obtained successfully although
we have tried for many times.

Co(phen)3"—6-MP complex 222 Co(phen);" + 6-MP (1)

Co(bpy)3 " —6-MP complex 22 Co(bpy)3" + 6-MP (2)

3.2.2. Absorption spectroscopic studies

In general, the transition metal complex bound to DNA
through intercalation usually results in hypochromism and red
shift, due to the strong stacking interaction between aromatic
chromophore of the complex and the base pairs of DNA. The
absorption spectra of the cobalt polypyridyl complex—6-MP in
the absence and presence of CT DNA were illustrated in Fig. 6. In
the case of Co(phen)3 —6-MP, with increasing DNA concentra-
tion, the hypochromism increased as evidenced from the decreas-
ing intensity of the peaks at 227 nm and 268 nm, accompanied by
the red shift and the peak at 206 nm disappeared. In the absorption
spectra of Co(bpy)3 —6-MP, a similar effect also appeared. These
indicated there is strong interaction of “cobalt polypyridyl com-
plex—6-MP” with DNA.

3.2.3. Viscosity measurements

The binding modes of the cobalt polypyridyl complex—6-
MP with DNA were further investigated by viscosity measure-
ments. In the absence of crystallographic structure data, hydro-
dynamic methods, which are sensitive to DNA length increase,
are regarded as the least ambiguous and the most critical tests of
binding in solution [19,20]. A classical intercalation model
results in lengthening the DNA helix, as base pairs are separated
to accommodate the binding ligand, leading to the increase of
DNA viscosity. However, a partial and/or non-classical inter-
calation of ligand may bend (or kink) DNA helix, resulting in the
decrease of its effective length and, concomitantly, its viscosity
[19,20]. The effects of the complexes Co(phen);'—6-MP,
together with Co(bpy)3 —6-MP on the viscosity of DNA were
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Fig. 7. Influences of Co(phen)3"—6-MP (a) and Co(bpy)3 —6-MP (b) complexes
to the viscosity of CT DNA. Cpna=0.1 mmol/L, 7=(25+0.2)°C.
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shown in Fig. 7. For the complexes Co(phen); —6-MP, as in-
creasing the amounts of complexes, the viscosity of DNA
increased steadily, but upon further binding of the complex to
DNA, the DNA viscosity decreased. While for the complexes Co
(bpy)3"—6-MP, it exerted essentially little effect on DNA vis-
cosity as increasing the amounts of complexes. The experimen-
tal results suggested that the two complexes could bind DNA in
two different modes: Co(phen)3 —6-MP in partly intercalative
mode, and Co(bpy); —6-MP by electrostatic interaction. This
may be related to the molecular structures of the complexes. As
is well known, the two pyridyl rings in bpy may rotate away with
large dihedral angles. On the other hand, for complexes con-
taining phen, the rotated pyridyl rings are replaced with the
phenanthroline ligands. It is coplanar and can construct a larger
7 framework compared to that of bpy. This helped the complexes
intercalate into the DNA base pairs deeply [21]. At the same
time, due to the greater planar area and higher hydrophobicity,
complexes containing phen bind with DNA more strongly than
the complexes containing bpy.

4. Conclusions

There is a strong interaction equilibrium between the cobalt
polypyridyl (1,10-phenanthroline, and bipyridine) complexes, 6-
MP and DNA, as indicated by the UV spectra and electrochem-
istry analysis. The cobalt polypyridyl complexes and 6-MP were
believed to take interaction to form a new kind of complex, and
the formed complex maybe decomposed in presence of DNA.
The experimental results show that the interaction of Co(phen)3 —
6-MP complex with DNA is via the partly intercalative mode,
however, the interaction between Co(bpy)3 —6-MP complex and
DNA is electrostatic. The research can be helpful to the control
release of 6-MP in synthesis or design the antitumour drugs.
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