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Abstract

A large number of inorganic and organic compounds is able to bind to DNA and form complexes. Among them, drugs
are very important, especially chemotherapeutics. This paper presents the overview of DNA structural characteristics
and types of interactions (covalent and non-covalent) between DNA molecule and drugs. Covalent binding of the drug
is irreversible and leads to complete inhibition of DNA function, what conclusively, causes the cell death. On the other
hand, non-covalent binding is reversible and based on the principle of molecular recognition. Special attention is given
to elucidation of the specific sites in DNA molecule for drug binding. According to their structural characteristics, drugs
that react non-covalently with DNA are mainly intercalators, but also minor and major groove binders.

When the complex between drug and DNA is formed, both the drug molecule, as well as DNA, experienced some mo-
difications. This paper presents the overview of the methods used for the study of the interactions between DNA and
drugs with the aim of detection and explanation of the resulting changes. For this purpose many spectroscopic methods
like UV/VIS, fluorescence, infrared and NMR, polarized light spectroscopies like circular and linear dichroism, and
fluorescence anisotropy or resonance is used. The development of the electrochemical DNA biosensors has opened a
wide perspective using particularly sensitive and selective electrochemical methods for the detection of specific DNA
interactions. The presented results summarize literature data obtained by the mentioned methods. The results are used to
confirm the DNA damage, to determine drug binding sites and sequence preference, as well as conformational changes

due to drug—DNA interaction.

Keywords: DNA, drug, interaction, spectroscopic methods, electrochemical DNA-biosensors.

1. Introduction

Deoxyribonucleic acid, DNA,' is a natural product
of an enormous importance for understanding the mecha-
nism of genetic processes such as growth, differentiation
and aging of the cell. Binding of small organic and inorga-
nic molecules to DNA can influence numerous biological
processes in which DNA participate, like transcription
and replication.>® These processes begin when DNA re-
ceives the signal from regulatory protein which binds to
its particular part. If, instead of the regulatory protein, so-
me other small molecule binds to DNA, its function is ar-
tificially changed — inhibited or activated. Such interferen-

ce can retard or even prevent the cell growth, or, on the ot-
her hand, it can lead to excessive production of some pro-
tein and uncontrolled cell growth. In the case when the ac-
tivation or inhibition of the DNA function act in the way
to cure or control the disease, small molecule is denoted
as a drug, but otherwise it is cytotoxic agents. Accor-
dingly, the growing interest in studying the process of in-
teraction between DNA and chemotherapeutic drugs is
understandable. Extensive chemical and biochemical stu-
dies have characterised a variety of molecules that react
with DNA, which are classified as antibiotic, antitumor,
antiviral or antiprotozoal agents. Some of them are used in
clinical practice, while the others are still under clinical
trial.
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When the complex between small molecule and
DNA is formed, both molecule, as well as DNA, expe-
rienced some modifications. Detection and explanation of
these changes makes a great challenge for new instrumen-
tal methods. The development of crystallographic and
NMR methods*® in the last twenty years made it possible
to ascertain more about the conformational flexibility of
DNA molecule, the influence of base sequence, and the
role of water molecules and counterions. The challenge to
obtain the similar information about DNA—drug comple-
xes arise. The aim of the contemporary research is to di-
stinguish the rules governing sequence specific binding,
to understand the correlation between DNA structure, se-
quence and activity, to determine drug binding sites, as
well as conformational changes due to the DNA—drug in-
teraction. These facts are useful for DNA—drug interaction
mechanism elucidation, what leads to rational drug de-
sign, and development of new anticancer agents.

The intention of this review is to give an overview of
the present state of the DNA—drug interaction cognition.
The presented results summarize literature data obtained
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by the application of selected optical and electrochemical
methods, their operation and detection principles. In order
to facilitate the discussion about the stability of obtained
complexes and the modes of the binding interactions, a
brief introduction to the DNA chemical structure should
be considered.

2. Structural Characteristics
of DNA Molecule

Deoxyribonucleic acid, DNA,!-® consists of two
long polynucleotide chains composed of four types of
nucleotide subunits. The nucleotides themselves are com-
posed of a five-carbon sugar (deoxyribose) to which one
or more phosphate groups and a nitrogen-containing base
are attached. Base may be either adenine (A), cytosine
(C), guanine (G), or thymine (T). The nucleotides are co-
valently linked together in a chain through the sugars and
phosphates, which thus form a “backbone” of alternating
sugar and phosphate (Figure 1). The way in which the

Figure 1. Structure of double stranded DNA. Squares denote electroactive groups that can be reduced at mercury electrodes, and circles show sites

oxidized at carbon electrodes.
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nucleotide subunits are lined together gives a polarity to a
DNA strand. If each sugar is presented as a block with a
protruding top (the 5° phosphate) on one side and a hole
(the 3’ hydroxyl) on the other, each completed chain, for-
med by interlocking tops with holes, will have all of its
subunits lined up in the same orientation. Moreover, the
two ends of the chain will be easily distinguishable, as one
has a hole (the 3° hydroxyl) and the other a top (the 5’
phosphate) at its terminus. This polarity in a DNA chain is
indicated by referring to one end as the 3’ end and the ot-
her as the 5” end. The DNA secondary structure is repre-
sented by the double helix which consists of two antipa-
rallel polynucleotide chains that are held together by
hydrogen bonding between the bases of the different
strands, with all the bases on the inside of the double he-
lix, and the sugar-phosphate backbones are on the outside.
This complementary base-pairing enables the base pairs
to be packed in the energetically most favourable arrange-
ment in the interior of the double helix and each strand of
a DNA molecule contains a sequence of nucleotides that
is exactly complementary to the nucleotide sequence of its
partner strand. Parts of a DNA molecule that can interact
with small molecules are: negatively charged phosphate
backbone (electrostatic interaction), the hydrogen accep-
ting and donating sites in the minor and major grooves (H-
bonds), the phosphate oxygen atoms and aromatic hydrop-
hobic components (van der Waals interactions). One
should always keep in mind that DNA is polymorphic, and
the geometry of double helix, including the depth and
width of the minor and major grooves, is different in diffe-
rent conformations (A, B and Z form). Besides, hydration
plays very important role in the stability of DNA molecule,
as well as DNA—drug complex, since this process is belie-
ved to be governing by the base sequence, also.

3. Modes of DNA-drug Interactions

Large number of drug substances, inorganic and or-
ganic, both natural and synthetic, are able to form comple-
xes with DNA molecules, mostly when DNA is in double
stranded form. Drugs interact with DNA molecule both
covalently and non-covalently.

Covalent binding in DNA is irreversible and undoub-
tedly leads to complete inhibition of DNA functions and
subsequent cell death. A major advantage of covalent bin-
ders is the high binding strength. Moreover, covalent
bulky adducts can cause DNA backbone distortion, which
in turn can affect both transcription and replication, by di-
srupting protein complex recruitment.” Three modes of
covalent binding to DNA are possible: replacement of ni-
trogenous bases, inter and intra-strand cross linking and
alkylation of nitrogenous bases.

The most famous covalent binder is cisplatin (Table
1), which is used as an anticancer drug. When used for cli-

nical practice, cisplatin is administered intravenously. In
the extracellular environment, where the chloride concen-
tration is high, it does not undergo appreciable hydrolysis.
When cisplatin passes the cell membrane the reduced in-
tracellular chloride concentration allows the chlorido li-
gands to be replaced by water molecules to form cis-
[Pt(H,0)(NH,),Cl]* and cis-[Pt(H,0),(NH,),] **. It is
generally accepted that these two cations bind covalently
to the electron-rich sites on DNA such as N-donor li-
gands.® The preferred target in DNA is guanine (G) since
it has the highest electron density of all four nucleobases.’
It is believed that this reaction is responsible for the anti-
cancer effect of cisplatin which is able to induce apopt-
sis/necrosis of the cancer cell.'

Besides cisplatin, another two antitumor antibiotics
found the application in clinical practise: mitomycin C
and anthramycin (Table 1). Mitomycin C interacts cova-
lently with guanine base only in reduced state, i.e., after
the reductive activation. The activated antibiotic forms a
cross-linking structure between guanine bases on adjacent
strands of DNA thereby inhibiting single strand forma-
tion. Anthramycin covalently binds to N2 nitrogen of gua-
nine, placed in the minor groove of DNA molecule.

Another type of covalent binders are called alkyla-
ting agents. These agents are capable of adduct formation
by attaching an alkyl group to DNA.'" Alkylating drugs,
like temozolomide, chlorambucil and nimustine are the
oldest class of anticancer drugs but still commonly used in
the treatment of several types of cancers.

Non-covalent binding of drugs to DNA is reversible, and
considering drug metabolism and potential toxic effects, it
is more desirable comparing to covalent. However, non-
covalent DNA interacting agents can change DNA confor-
mation, DNA torsional tension, interrupt protein—DNA in-
teraction, and potentially lead to DNA strand breaks. One
of the main principles of DNA chemistry is molecular re-
cognition, the process when molecules (small or large) se-
lectively recognize each other. This is manifested through
a couple of interaction modes: electrostatic, hydrogen
bonds, and van der Waals (dipole—dipole) interaction. The
stability of the formed complex DNA—-drug depends on
the intensity of the mentioned interactions.

Drugs that react non-covalently with DNA are clas-
sified in following categories:'?

1. Intercalating agents

2. Minor groove binders

3. Major groove binders

4. External binders

3. 1. Intercalators

Intercalators are molecules that stack perpendicular
to the DNA backbone without forming covalent bonds
and without breaking up the hydrogen bonds between the
DNA bases. The only known forces that sustain the stabi-
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lity of the DNA—intercalator complex, even more than
DNA alone, are van der Waals, hydrogen bonding,
hydrophobic, and/or charge transfer forces.'*"'” Intercala-
tion stabilizes, lengthens, stiffens, and unwinds the DNA
double helix.'® Intercalators contain planar heterocyclic
groups which stack between adjacent DNA base pairs,

forming complex which is stabilized by n—r stacking inte-
ractions between the drug and DNA. Intercalators can be
mono- or bifunctional, depending on the number of aro-
matic moieties. There are simple mono-intercalators like
acridine derivatives: proflavine, acriflavine, acriflavine
neutral (euflavine), aminacrine, ethacridine, and more

Table 1. Drugs interacting with DNA, covalently and non-covalently

Drugs that covalently bind to DNA

e
H3N—Fit—C|
Cl
o
Cisplatin Mitomycin C

N A= NH,

Anthramycin

Drugs that non-covalently bind to DNA

Mono-intercalators

S
L

HaN N; NH,
I Cl

Acriﬂdvim.
OCH;O OH O,
DH X= -S-CHy-
NH; X= -CH(SCHs)-

R=H Daunomycin
R =0H Adriamycin

Minor groove binders

0, N
L
H,N NH N
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HaN NH N =
}—/_ H / NH
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Bifunctional intercalators

O

Triostin A
Echinomycin

Netropsin

NH Berenil
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complex like daunomycin and adriamycin, with four fu-
sed six membered rings with substituents in positions 7
and 9 (Table 1). These intercalators are often called the
threading intercalators since they thread one of the substi-
tuents on opposite sides of the intercalating aromatic ring
between the base pairs at the intercalation site.

In bifunctional intercalators, two planar aromatic
moieties are present and separated by some voluminous
system like fairly rigid cyclic peptide system stabilized
through disulphide bridge as in the case of triostin A and
echinomycin (Table 1.)

The phenomenon of intercalating involves the aro-
matic part of a drug molecule positioning itself between
base pairs (Figure 2). Intercalating agents inure in hydrop-
hobic interactions with DNA because the hydrophobic,
aromatic side chains interact favourably with the aromatic
environment of the base pairs. These agents introduce
strong structural perturbations in DNA molecule by in-
creasing the distance between the adjacent base pairs. In
order for an intercalator to fit between base pairs, the
DNA must dynamically open a space between its base
pairs. Fortunately, the resultant helix distortion is com-
pensated by adjustments in the sugar-phosphate backbone
unwinding of the duplex. Stacking interactions between
the bases and the intercalating molecule are the major sta-
bilising factors for the complex formed. For example, the-
re are direct hydrogen bonds between the functional
groups of the drug that are essential for the drug action (li-
ke hydroxyl group of the ring A or NH," group in the 3’
position in daunomycin) and functional groups N2 and N3
of guanine, or O2 of cytosine at the intercalation site. Very
often, water-mediated contacts occur rather than a direct
hydrogen bonded interaction. Anyway, the total amount of
surface bound water is reduced after the complex forma-
tion. Besides this general scheme of complex formation,
the interaction between the DNA and drug also depends

11

Figure 2. Types of intercalation of bifunctional intercalators in
DNA molecule: I - intramolecular cross-link and II - intermolecular
cross-link.

on the sequence of the bases adjacent to the intercalation
site, and on the chemical modifications of the intercala-
ting drug.

Bifunctional intercalators are able to intercalate in
DNA molecule in two different ways: I — intramolecular
cross-linking, when both aromatic moieties intercalate
with the same DNA molecule, and II — intremolecular
cross-linking, when intercalating moieties interact with
two separate DNA molecules (Figure 2).

There are also multi-intercalators containing three
or more intercalation rings, which were synthesized be-
cause, as potential drugs, their high DNA binding con-
stants are expected to enhance their therapeutic activity.

3. 2. Minor Groove Binders

The most famous minor groove binding drugs are
netropsin, berenil, distamycin and mithramycin (Table 1).
They usually have crescent shape, which complements the
shape of the groove'®?° and facilitates binding by promo-
ting van der Waals interactions. These drugs typically ha-
ve several aromatic rings, such as pyrrole, furan or benze-
ne connected by bonds possessing torsional freedom. Ad-
ditionally, these drugs can form hydrogen bonds to bases,
typically to adenine/thymine rich sequences. In all com-
plexes the drug fits snugly into the minor groove and dis-
places the hydration layer. Thus, it might be expected that
there is relatively little change in DNA itself due to the
complexation, but the results indicates that this is not the
case. In complex structure alternation of the helical twist
is reversed from the uncomplexed alternating DNA. One
of the bases rotates to allow hydrogen bonding to the
drug. Sometimes hydrogen bonding is mediated by a wa-
ter molecule between the drug molecules and the DNA ac-
ting as a major complex stabilising force. Van der Waals
forces also significantly contribute to the stabilisation of
the complexes and may lead to serious perturbations of
the DNA helix from the normal Watson/Crick geometry.

Beyond the changes in DNA, these interactions also
induce changes in the conformation of the groove binding
drugs themselves.

3. 3. Major Groove Binders

Most of the DNA groove binding drugs chose minor
groove as a target. These drugs are generally arc shaped,
planar and unfused aromatic with a positive electrostatic
potential that attracts them to the electronegative potential
of the minor groove, and the arc matching the curvature of
the DNA double helix. Considerably small number of
substances is reported to bind to major groove. The reason
for this probably lies in the fact that nitrogen and oxygen
atoms in base pairs of wide and deep major groove are
oriented towards the axis of the helix, what makes them
accessible for proteins.?! Proteins recognize these base se-
quences, and specific binding interaction takes place. In
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order to inhibit these protein—DNA interactions it was ne-
cessary to find natural products or to design ligands that
will act as a major groove binding agents.

First, solid evidence about the small molecules
(methyl green) binding to major groove dates from
1993.% Later on some antitumor agents with acridine car-
boxamide skeleton,”!’ aminoglycoside antibiotics to-
bramycin, and other agents as pluramyicins, aflatoxins,
azinomycins, and neocarzinostatin were synthesized.”>**
Unfortunately, number of these drugs is still very modest.
A better understanding of DNA-ligand chemical interac-
tions is necessary for the rational design of more efficient
analogues as potential DNA major groove binding drugs.

3. 4. External Binders

This type of binding is electrostatic in nature. Some
ligands are capable of forming non-specific, outside edge
stacking interactions with the DNA phosphate backbone.
This mode usually occurs when the ligand self-associates
to form higher-order aggregates, which may stack on the
anionic DNA backbone in order to reduce charge—charge
repulsion between ligand molecules. Some metal comple-
xes interact with DNA through external binding. This as-
sociation mode was proposed for [Ru(bpy)3]2+ as the lu-
minescence enhancement of this complex upon binding to
DNA is strongly dependent on the ionic strength. Cations
like Mg?*, usually also interacts in this way.*

3. 5. Metal-Drug Complexes

DNA represents a fruitful target for metal comple-
xes as well. Transition metal complexes are known to
bind to DNA via both covalent and/or non-covalent
interactions. In covalent binding the labile ligand of the
complex is replaced by a nitrogen base of DNA such as
guanine N7. On the other hand, the non-covalent DNA
interactions include intercalative, electrostatic and groo-
ve (surface) binding of metal complexes along outside of
DNA helix, along major or minor groove. Very important
class of complexes that react with DNA are metal-drug
complexes. Among numerous drugs, particularly quino-
lone antibiotics are very often reported to form such com-
plexes.?® DNA can provide three distinctive binding sites
for quinolone metal complexes; namely, groove binding,
electrostatic binding to phosphate group and intercala-
tion.?”® Related to the great biological role of the quino-
lone antibiotics in humans, this behaviour deserves our
attention. In synthesized ciprofloxacine complexes with
Mn?*, Fe**, Co?*, Ni** and M0022+,29 ciprofloxacin is de-
protonated and behave as bidentate ligand bound to the
metal ion through the pyridine oxygen and one carboxy-
late oxygen. Each metal ion is six-coordinated with geo-
metry around octahedronally distorted. Results showed
that these complexes can bind to DNA by both intercala-
tive and electrostatic binding mode. Other DNA—ciprof-

loxacine-metal complexes with Mg**,***! Cu**/Cu*,*? and
U022+,33 as well as enrofloxacine-Cu** complex are also
reported.** Magnesium-ciprofloxacine in aqueous me-
dium form colloidal particles that are believed to be in-
volved in specific binding to GC containing sequences,
most probably in the major groove of DNA. Mixed valen-
ce Cu**/Cu*-ciprofloxacine complexes showed an intere-
sting DNA cleavage activity which exact mode of action
is not determined yet.*

3. 6. DNA—drug Interaction in Aqueous
Environment

In aqueous solution DNA is polyanion attracting po-
sitively charged counter ions (Na*, Ca** or Mg®"). Drug
molecules are also often charged and thus associated with
counter ions. The associated counter ions lie near the
charged groups and are also partially solvated. When the
binding occurs, it results in a displacement of solvent
from the binding site on both the DNA and drug. Also,
since there would be partial compensation of charges as
the DNA and the drug are oppositely charged, some coun-
ter ions would be released into the bulk solvent fully sol-
vated. Besides the counter ion effect, there are other inte-
ractions that must be considered, e.g. hydratation/dehy-
dratation process which occurs through drug—solvent
(hydration shell) and DNA—solvent interaction. Hydration
plays very important role in the stability of DNA molecu-
le, as well as DNA complex, since this process is believed
to be governing by the base sequence, also.

The binding process is also associated with some
structural deformation and adaptation of the DNA as well
as the drug molecule, in order to accommodate each other.
All these processes are associated with some enthalpic
and entropic changes that lead to the binding free energy
changes. It is confirmed that DNA double helix structure
is more stable when complexated with intercalating
agents, and the obtained complex shows a reduced heat of
denaturation compared to bare DNA. Since no covalent
bond formation is involved, the binding can be considered
as an equilibrium process, and the corresponding equili-
brium constants can be determined by measuring the free
and bound fraction of drug.

4. Analytical Techniques for Detection
DNA-drug Interaction

The aim of the contemporary research is to link
measurable biophysical parameters with cytotoxicity, and
to correlate the antitumor activity of the drug with its ca-
pability to intercalate into DNA double helix structure.
Detection and explanation of the arise changes is a gro-
wing challenge and a basis for application of the renewed
analytical techniques and methodologies for these cau-
ses. Large number of techniques is used to investigate
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DNA-drug interactions from classical UV-VIS spectros-
copy, along with 2D and 3D NMR spectroscopy, all the
way to most recent optical and electrochemical biosen-
Sors.

4. 1. Optical Methods

The DNA—drug interaction can be detected by UV-
Vis absorption spectroscopy by measuring the changes
in the absorption properties of the drug or the DNA mole-
cules. The UV—Vis absorption spectrum of DNA exhibits
a broad band (200-350 nm) in the UV region with a ma-
ximum at 260 nm. This maximum is a consequence of the
chromophoric groups in purine and pyrimidine moieties
responsible for the electronic transitions. Slight changes
in the absorption maximum and the molar absorptivity
can occur with the variations in pH or ionic strength of
the media. DNA-drug interactions can be studied by
comparison of UV-Vis absorption spectra of the free
drug and DNA—drug complexes, which are usually diffe-
rent. The binding with DNA through intercalation usually
results in hypochromism and hypsochromism (blue shift)
or bathochromism (red shift). As a consequence of inter-
calative mode of binding that includes a stacking interac-
tion between an aromatic chromophore and the base pair
of DNA, the extent of the hypochromism consistent with
the strength of intercalative interaction can be obser-
Ved.35—37

In the case of electrostatic attraction between the
compound and DNA, hyperchromic effect is observed that
reflects the changes of DNA conformation and structure
after the DNA—drug interaction has occurred. The hyperc-
hromic effect results in increase of absorbance of DNA
upon denaturation. When the DNA double helix is treated
with denaturing agents, the interaction force holding the
double helical structure is disrupted. The double helix
then separates into two single strands which are in the ran-
dom coiled conformation. At this time, the base—base inte-
raction will be reduced, increasing the UV absorbance of
DNA solution because many bases are in free form and do
not form hydrogen bonds with complementary bases. As a
result, the absorbance for single-stranded DNA (ss-DNA)
will be 40% higher than that for double stranded DNA
(ds-DNA) at the same concentration. Furthermore, the
hyperchromic effect arises mainly due to the presence of
charged cations which bind to DNA via electrostatic at-
traction to the phosphate group of DNA backbone and
thereby causing a contraction and overall damage to the
secondary structure of DNA.%

Based upon the variation in absorbance, the intrinsic
binding constant/association constant (K) of the drug with
DNA can be determined according to Benesi—Hildebrand
equation:*’

Ay &) &0 y 1
e-g9 K[DNA] )

where K is the binding/association constant, A, and A are
the absorbancies of the drug and its complex with DNA,
respectively, and g, and € are the absorption coefficients of
the drug and the drug-DNA complex, respectively. The
binding constant can be obtained from the intercept-to-
slope ratios of A/(A —A,) vs. 1/[DNA] plots.

Many drug-DNA interactions are investigated by
analysing the above mentioned changes in absorption
spectra. The binding of three potential antibacterial
agents: Bu,SnL, Cy,SnL and Ph,SnL to DNA caused a
progressive blue shift of 10, 8 and 4 nm, respectively. The
peculiar hypochromism observed here is attributed to the
intercalation of these drugs into the DNA base pairs. The
reported binding constant values for these compounds are
ranged from 2.30 x 10° to 6.05 x 10* M™". The highest va-
lue of K was observed for the Bu,SnL due to additional
hydrophobic nature of butyl group interacting with the ba-
ses of DNA.* The interaction of daunorubicin with calf
thymus DNA (ct-DNA) has been investigated with the use
of methylene blue dye as a spectral probe by the applica-
tion of UV-Vis spectrophotometry, spectrofluorometry
and voltammetry. The results showed that both daunorubi-
cin and methylene blue molecules could intercalate into
the double helix of DNA.*! The thermodynamic parame-
ters were also calculated and suggested that hydrophobic
force might play a major role in the binding of daunorubi-
cin to ct-DNA.*

Based on electrochemical and spectroscopic results
reported by Kalanur at al.,*’ the interaction between the
anticancer drug gemcitabine hydrochloride (GMB) and
DNA is suggested to be the groove binding. With the addi-
tion of increasing amounts of DNA the absorbance of
GMB increased at 207, 232, 248 and 283 nm (with red
shift at 207 and 248 nm), while those at 331 nm decreased
slightly. The high value of the binding constant, K = 1.97
x 10° M™! suggests the strong interaction between drug
and DNA.

11-Phenyl-substituted indoloquinolines have been
found to exhibit significant antiproliferative potency in
cancer cells but to show only moderate affinity toward ge-
nomic double-helical DNA. In the study of Riechert-
Krause at all.,* parallel and antiparallel triple-helical
DNA targets are employed to evaluate the triplex binding
of indoloquinoline ligands. Compared to parallel triple-
xes, an antiparallel triplex with a GT-containing third
strand constitutes a preferred target for the indoloquinoli-
ne drug. On the basis of pH-dependent titration experi-
ments and the results obtained with Job’s method of conti-
nuous variation, the binding of the drug and the stoichio-
metry of the complex was found to be pH strongly depen-
dent.

The interaction of doxorubicin with polynucleotides
and calf thymus DNA has been studied by several spec-
troscopic techniques in phosphate buffer aqueous solu-
tions.* Obtained data showed that intercalation is the pre-
vailing mode of interaction, and also reveals that the inte-
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raction with AT-rich regions leads to the transfer of excita-
tion energy to doxorubicin.

Multi-spectroscopic methods including resonance
light scattering (RLS), ultraviolet spectra (UV), fluores-
cence spectra, 'H NMR spectroscopy, coupled with ther-
mo-denaturation experiments were used to study the inte-
raction of antitumor drug tamoxifen with calf thymus
DNA.* The interaction caused a significant enhancement
of RLS intensity, the hyperchromic effect, red shift of ab-
sorption spectra and the fluorescence quenching of tamo-
xifen, indicating the inserting interaction between tamoxi-
fen and ct-DNA.

Recently, molecular docking and QSAR studies are
carried out for the investigation of interactions between
drugs and DNA. Eleven antitumor drugs (Doxorubicin,
Epirubicin, Cisplatin, Fluorouracil, Daunorubicin, Carbo-
platin, Etopside, Cyclophosphamide, Dactinomycine,
Dactinomycine and Mitoxantrone) are analyzed in the
work of Perveen and coauthors.*’ Variation in spectral
profile of these drugs on the addition of DNA was used to
determine the values of formation constant (K;) which is
an indicator of the binding strength of the drug with DNA.
Spectrophotometric studies are also used for systematic
study of DNA binding properties of irinotecan (CPT-11)
including binding constant, thermodynamic parameters,
and thermal denaturation. The binding of CPT-11 to ds-
DNA is quite strong as indicated by its remarkable hypoc-
hromicity, equilibrium binding constant and large positive
enthalpy and entropy changes.*®

The study of the metal (Mn**, Fe**, Co®*, Ni** and
Mo0O,*") complexes of the antibacterial agent ciprofloxa-
cin (CF) interaction with ct-DNA performed with UV
spectroscopy revealed that all investigated complexes
could bind to DNA.? In combination with cyclic voltam-
metry the authors showed that Fe-CF complex exhibits
much higher binding constant then other complexes.
Complexes Mn-CF, Fe-CF and Mo-CF bind to DNA by
both intercalation and electrostatic interaction, Ni-CF on-
ly by the intercalative mode and Co-CF can bind to DNA
by electrostatic interaction.

Fluorescence spectroscopy is probably one of the most
commonly used techniques to study interactions between
small ligand molecules and DNA. The advantages of mo-
lecular fluorescence over other techniques are its high
sensitivity, large linear concentration range and selecti-
vity. The most intense and the most useful fluorescence is
found in compounds containing aromatic functional
groups with low-energy m—m transition levels. Com-
pounds containing aliphatic and alicyclic carbonyl struc-
tures or highly conjugated double-bond structures may al-
so show fluore