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Abstract— Tetracyclines are a family of drugs with
interesting pleiotropic properties. The recognition by
scientists of the therapeutic properties and safety profile of
this class of drugs has led to the continuous derivatization
of these compounds and implementation of clinical trials to
explore their potential applications for a wide range of
diseases. To this end, this paper review literature on
tetracyclines from the discovery of the first tetracycline to a
new class of tetracyclines called glycylcyclines. The DNA
binding propensities of some copper (II) complex of
doxycycline and mixed ligand copper (II) doxycycline
complexes with polypyridyl ligands were also investigated
by UV-Vis titration, viscosity and thermal melting
experiments. The mixed ligand copper (Il) doxycycline
complexes with polypyridyl ligands were found to bind CT
DNA in the major groove in a similar fashion to methyl
green causing no change in the viscosity and negligible
increase in thermal melting of CT DNA.

Keywords— copper (Il), doxycycline, polypyridyl, DNA
binding, complex.

l. INTRODUCTION
7-chlorotetracycline was the first tetracycyline discovered,
extracted from Streptomyces aureofaciens presentin soil
by Benjamin M Duggar in 1948 and named aureomycin [1-
3]. Two years later Terramycin (5-hydroxytetracycline) was
isolated by fermentation of the actinomycete, Streptomyces
rimosusby  Finlay and coworkers [4,5]. Catalytic
hydrogenolysis of aureomycin was reported to produce the
parent tetracycline [6,7] which was later prepared by
fermentation of certain strains of Streptomyces albo-
niger[8].In 1955, Conover patented tetracycline which
became the most prescribed broad-spectrumantibiotic in the
U.S within three years, and because of their great
therapeutic value and wide application the tetracyclines
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have received a great deal of attention and is the object of
several reviews [9-13]. The studies on tetracyclines include
synthesis of novel tetracyclines and improved methodology
[14-20], their clinical applications [10,11,21], uptake,
mechanisms of action [9, 21-22], resistance [23-28], metal
chelation [29-34], environmental impact, detection and
removal [35-38]. The rise in drug-resistant bacteria has also
led to new approaches to antibiotic development including
the development of novel pharmaceuticals such
as doxycycline and novel tigecycline [39], the first member
of a new class of tetracyclines named glycylcyclines.
Besides the use of tetracyclines as broad-spectrum
antibiotics new uses have emerged including their potential
use in anticancer therapy [40-49]. Tetracyclines inhibit
matrix metalloproteinases MMPs [44,50] and are also
effective but slow-acting anti-malarial drugs [41,51]. At
concentrations within the therapeutic levels, tetracyclines
inhibited production of reactive oxygen species (ROS)
which account, in part, for their anti-inflammatory action
such as in acne or vulgaris [52]. Minocycline is a proven
antioxidant with radical scavenging potency similar to
vitamin E [53,54] because of its many substituted phenol
rings.Of the tetracyclines, doxycycline is the most
commonly used [44], a more potent MMP inhibitor, better
absorbed and with longer half-life than the parent
compound, tetracycline [55].t has been found that
doxycycline reduces thein vitro growth of human breast
cancer by 70% [55,56] as well as prostate cancer cells [57].
The binding of tetracyclines with proteins was found to be
greatly enhanced when complexed with divalent metal ions
[58,59]. The potency of tetracyclines as MMP inhibitors is
also positively related to their chelation to metal ion at the
active site of the MMPs [60-61].

Moreover, several metal complexes have been used as
artificial chemical nucleases among which copper nucleases
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especially copper diimine complexes have been a well-
researched class of syntheticmetallonucleases and widely
tested anticancer agents. The therapeutic properties of
copper, the wide application of doxycycline, and DNA
binding and cleavage abilities of diimine ligands prompted
us to synthesize and investigate biological activities of
mixed copper complexes containing doxycycline and
polypyridyl ligands.

. EXPERIMENTAL SECTION

Materials and Measurements
Doxycycline hyclate was obtained from Neimeth
International Pharmaceuticals Plc, Nigeria and fresh
solutions were used to ensure stability. Copper nitrate
trinydrate and Tris(hydroxylmethyl) aminomethane-HCI
(Tris-HCI) were from Qualigens while 2,2-bipyridine and
1,10-phenanthroline monohydrate were from SDFCL, India.
The ligands dipyrido[3,2-d:2',3-flquinoxaline (dpq) [67]
and dipyrido[3,2-a:2',3-c]phenazine (dppz) [68] were
synthesized according to reported procedure [1]. Calf
thymus DNA sodium salt (CT DNA) was used as obtained
from SRL, India. All other chemicals and reagents are of
analytical grade and used without further purifications. The
metal complexes were synthesized according to previous
published reports [69]. UV-Vis absorption measurements
were carried out on Jasco V-630 spectrophotometer. 2.0 x
105 mol L of doxycycline and complex concentrations
were used.
DNA Binding Studies
The DNA binding experiments were performed in Tris-
HCI/NaCl buffer (5 mol LT Tris-HCl/ 50 mol L*NaCl, pH
7.2). The concentration of CT-DNA was calculated from its
known extinction coefficient at 260 nm (6600 M1 cnrl).
Solutions of CT-DNA in buffer gave a ratio of UV
absorbance at 260 nm and 280 nm (A2s0/A280) 1.8-1.9
indicating that the DNA was sufficiently free of protein.
Electronic absorption titration. The electronic absorption
spectra of 2 x 105 mol ! of the complexes with increasing
concentration of nucleotide (1.0 x 105-1.5 x 10 mol L)
were recorded in buffer following reported procedures [70-
71]. The solutions were allowed to equilibrate for 20
minutes at room temperature after addition of DNA to the
metal complex before absorption readings were taken.
Binding constants of complexes were determined according
to equation 1 [72-73]

[DNA] / [ea-en] = [DNA] / [eo-& + 1 /Kb

[e0-&] @
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Where [DNA] is the concentration of DNA in base pairs,
s the extinction coefficient observed for the MLCT
absorption band at the given DNA concentration, &is the
extinction coefficient of the free (unbound) complex and
epis the extinction coefficient of the fully bound complex
The ratio of the slope 1/ [ea-&f] and the intercept 1 /Ky [en-&f]
obtained from a plot of [DNA] / [ea-&] versus [DNA] gives
the intrinsic binding constant [73].

1 x 103 mol L-! stock solutions of the complexes 1,2,3 were
prepared in buffer while complexes 4 and 5 were prepared
in doubly distilled water and diluted suitably with buffer to
required concentrations.

Thermal melting experiments

DNA melting experiments were carried out by monitoring
the absorption at 260nm of CT DNA (1.0 x 10 mol L)
with a JASCO V-630 spectrophotometer equipped with a
Peltier temperature controlling programmer ETC-717
().1°Cfrom 28 °C to 95 °C in the presence and absence of
the complexes.

Viscosity measurements

Viscosity measurements were carried out using a
semimicroviscometer. The flow time was measured with a
digital stopwatch, and each sample was measured four times
and an average flow time was calculated. Data are presented
as (m / N3 versus the ratio [complex)/[DNA], where 1 is
the viscosity of DNA in the presence of complex and n° is
the viscosity of DNA alone.

Viscosity values were calculated from the observed flow
time of DNA-containing solutions corrected for the flow
time of buffer alone (t°): n=t-t0 [74]

1. RESULTS AND DISCUSSION

DNA Binding Studies

Upon the addition of a solution of calf thymus (CT) DNA to
the copper (II) complexes, a decrease in the absorption
intensities of the n - n* absorption bands (250-400) of 2-
5was observed. As theextent of hypochromism is
commonlyassociated with the strength of DNA interaction,
this indicates strong DNA binding of the complexes.

In order to quantitatively compare the DNA binding
affinities of the complexes, their intrinsic binding constants
with CT-DNA were obtained by monitoring the intraligand
band absorption with increasing concentration of DNA
using equation 1 and were found to be 7.26 x 104, 6.7 x 104,
258 x 10° and 6.18 x 10* for complexes 5, 4,3 and 2
respectively. The fact that complex 3 has the highest
binding constant shows that a binding mode other than
intercalation is involved. The hypochromic shifts observed
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upon increasing concentration of DNA is likely to arise
from surface aggregation of m-stacking interactions of the
cationic complexes.

H;C /CHa
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~ =dox (1), bpy (2), phen(3),dpg (4) and dppz (5)
Fig.1: structures of the studied compounds’®
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Fig.2: Graphs showing the electronic absorption spectra of
complexes 2,3,4 and 5 (20 xM) with increasing
concentrations of CT-DNA in 50 mM NaCl and 5 mM Tris
HCI buffer at pH 7.2.

Thermal melting experiments

Thermal melting temperature (Tm) of DNA is the
temperature at which half of DNA strands dissociates from
double-stranded to single-stranded DNA state. The DNA
melting experiment provides information about the stability
of the DNA helix The Tmof DNA in the absence of any
external agent was found to be 62.7 °C. Under the same
experimental conditions and in the presence of complexes
2-5, ATmvalues are 0.7, 3.8, 20 and 2.4 °C respectively.
These values of ATmfor the complexes obviates the
possibility of intercalative binding of the complexes to
DNA. Generally, the binding of metal complexes with DNA
stabilizes the double helix structure which usually results in
huge increase in Tm of DNA for DNA intercallators. The
modest values of ATm (between +0.7 and +3.8 °C) by
complexes 2-5support a non-intercalative binding mode for
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the complexes. Stabilization of +5.2°C was reported for
poly[d(G-C)2] by methyl green, a major groove binder. This
result confirms that the complexes are major groove binders
and is in agreement with the DNA binding constants
obtained for the complexes.

Viscosity Measurements

Viscosity is an effective method to distinguish between
modes of binding of small molecules to DNA [74]. For
molecules that form bond with DNA, kinking/ bending of
the DNA helix toward the minor or major groove leads to a
decrease in the viscosity of DNA solution as a result of
reduction in the end-to-end length of the DNA. However,
groove binders do not alter the end-to-end length of DNA
and therefore have negligible effect on viscosity of DNA
solution while intercalation results in lengthening,
unwinding and stiffening of the helix causing a significant
increase in viscosity of DNA solution [74].

The addition of complexes 2-5 to CT-DNA did not alter its
solution viscosity indicating that the mode of binding of the
complexes is groove binding. Because changes in relative
viscosity can be used in assigning DNA binding modes by
intercalators [75-76], the data confirm that the complexes
do not intercalate between the DNA bases.Other non-
intercalative complexes of polypyridyl ligands have been
previously reported [77-81].

V. CONCLUSIONS

Five new single and mixed ligand copper (II) complexes of
doxycycline and polypyridyl ligands have been tested as
DNA binding agents by UV-Vis titration, viscosity and
thermal melting experiments. Data from thermal melting
profile and viscosity measurements reveal that the
compounds moderately stabilize CT-DNA as major groove
binders. The binding constants of the complexes are 7.26 x
104, 6.7 x 10%, 258 x 10° and 6.18 x 10* for complexes 5,
4,3 and 2 respectively as evidenced by electronic titration..
This substantiates the non-intercalative binding abilities of
polypyridyl ligands complexes to DNA through the major
groove. The bulky ancillary ligand doxycycline must be
responsible for the major groove binding abilities of these
complexes.
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