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The DNA binding properties of three novel extended aromatic bisamidi-
nes (1–3) possessing different dicationic terminal side chains were studied.
Data from the ethidium displacement assay showed that bisamidines 1–3

have significant affinity for DNA. We studied the cytotoxic activity of bis-
amidines 1–3 and Hoechst 33258 in the cultured breast cancer MCF-7 cells.
These data show that in broad terms the cytotoxic potency of bisamidines
1–3 in the cultured breast cancer MCF-7 cells decreases with the size of the
alkyl group substituent (cyclopropyl > isopropyl > cyclopentyl), in accord
with their increases in DNA affinity, as shown by the binding constant
values. The bisamidines 1–3 showed comparable antitumor activity to
Hoechst 33258.
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INTRODUCTION

The aromatic bisamidines exhibit a wide spec-
trum of antimicrobial, antiviral, and antitumor
properties [1, 3, 7]. However, the precise genomic
targets and modes of action of these ligands are not
known. Most studies have focused on the abilities
of bisamidines to inhibit the binding of regulatory
proteins to oligonucleotide length recognition se-
quences that are rich in A and T base pairs. For
example, these drugs have been reported to inhibit
the DNA binding of certain restriction enzymes [1],
the TATA box binding protein [5], the antennapedia
homeodomain protein [8], the ubiquitous octamer
binding protein, and the erythroid specific GATAAG
protein [4]. The biological effects of bisamidines
are presumably due to their inhibitory effects on
transcription and replication [1, 2]. The lack of
quantitative correlation between DNA binding and
antimicrobial and antitumor activity for these
molecules in all of the organisms studied can be at-
tributed to the idea that DNA binding is only the
first step in a multistep process.

This paper reports the DNA binding affinity
and base pair specificity for three extended aro-
matic bisamidines 1–3 possessing different dicatio-
nic terminal side chains (Fig. 1). The DNA-binding
ability of these bisamidines was evaluated by an
ethidium displacement assay using calf thymus
DNA, poly(dA-dT)� and poly(dG-dC)�. We report
here on the cytotoxic effects of bisamidines 1–3

in the cultured breast cancer MCF-7 cells, and we
used these data to compare the cytotoxicity of bis-
amidines 1–3 with Hoechst 33258. Hoechst 33258
is a cytological DNA staining agent and is also
used as a therapeutic agent for solid tumors [10]. It
has been shown to bind to the minor groove of
DNA at AT-rich DNA sequences nominally four or
five consecutive AT base pairs in length [14].

MATERIALS and METHODS

Materials

The synthesis of compound 1 (1,4-bis{2-[5-(4-
[(N-cyclopropyl)amidinophenyl)furyl]-2-carboxami-
do]}butane dihydrochloride), compound 2 (1,4-bis-
{2-[5-(4-[(N-isopropyl)amidinophenyl)furyl]-2-car-
boxamido]}butane dihydrochloride) and compound 3

(1,4-bis{2-[5-(4-[(N-cyclopentyl)amidinophenyl)-
furyl]-2-carboxamido]}butane dihydrochloride) has
been detailed in the previous paper [2]. Hoechst

33258 (2-[2-(4-hydroxyphenyl)-6-benzimidazolyl]-
-6-(1-methyl-4-piperazinyl)benzimidazole), ethidium
bromide, netropsin, distamycin, calf thymus DNA,
homopolymers poly(dA-dT)·poly (dA-dT), and poly-
(dG-dC)-poly(dG-dC) were also purchased from
Sigma. Stock cultures of breast cancer MCF-7 were
purchased from the American Type Culture Collec-
tion, Rockville, MD. Dulbecco’s minimal essential
medium (DMEM) and foetal bovine serum (FBS)
used in cell culture were products of Gibco (USA).
Glutamine, penicillin and streptomycin were ob-
tained from Quality Biologicals Inc. (USA). [$H]Thy-
midine (6.7 Ci/mmol) was the product of NEN
(USA).

Ethidium displacement assay

Fluorescence was measured on a Hitachi spec-
trophotometer F-2500 FL at room temperature. The
DNA-ethidium complex was excited at 546 nm and
the fluorescence was measured at 595 nm. To 2 ml
of ethidium bromide buffer, pH 7.4, 25 � l of DNA
solution (A�,% = 2) was added, and the maximum
fluorescence was measured. Aliquots of a 10 mM
stock drug solution (1 mg of drug to be tested and
the appropriate volume of distilled water to make
a 10 mM solution) were then added to the DNA-
-ethidium solution, and the fluorescence was meas-
ured after each addition until a 50% reduction of
fluorescence had occurred. If the 10 mM stock so-
lution lowered the percent fluorescence too quick-
ly, the solution was further diluted to 1 mM prior to
titration. Theoretical curves were fitted to the fluo-
rescence intensity data points with one or two dif-
ferent iterative nonlinear least-squares computer
routines. The apparent binding constant was calcu-
lated from K'���[EtBr] = K���[drug], where [drug]
= the concentration of the drug at a 50% reduction
of fluorescence and K'��� is known [11, 12]. The
bisamidines 1–3 and their complexes with DNA
showed neither optical absorption nor fluorescence
at 595 nm and did not interfere with the fluores-
cence of an unbound ethidium bromide.

MCF-7 cell culture

Stock cultures of breast cancer MCF-7 cells
[15] were maintained in continuously exponential
growth by weekly passage in DMEM supplemen-
ted with 10% FBS, 50 � g/ml penicillin, 50 � g/ml
streptomycin at 37°C in humid atmosphere con-
taining 5% CO� in an incubator. Cells were cul-
tured in Costar flasks and subconfluent cells were
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detached with 0.05% trypsin, 0.02% EDTA in cal-
cium-free phosphate-buffered saline. The study was
carried out using cells from passages 3 to 7, grow-
ing as monolayer in 6-well plates (Nunc) (5 × 10"

cells per well).

Cytotoxic assay

To examine the effect of the studied compounds
on cells proliferation MCF-7 cells were seeded in
6-well plates and grown as described above. Cell
cultures were incubated with varying concentrations
of bisamidines 1–3, Hoechst 33258 and 0.5 � C of
[$H]thymidine for 24 h at 37°C. The cells were
then harvested by trypsinization and washed (with
cold phosphate-buffered saline) with centrifugation
for 10 min at 1500 g several times (4–5) until the
dpm count in the washes were similar to the rea-
gent control. Radioactivity was determined by li-
quid scintillation counting. [$H]thymidine uptake
was expressed as dpm/well.

Statistical analysis

In all experiments, the mean values for three as-
says ± standard deviations (SD) were calculated.
The results were submitted to statistical analysis
using the Student’s t-test. Differences were consid-
ered significant when p < 0.05. Mean values, SD
and the number of measurements in the group (n)
are presented in the figures.

RESULTS and DISCUSSION

The apparent DNA binding constants (K���) of
the bisamidines (Fig. 1) to calf thymus DNA,
poly(dA-dT)� and poly(dG-dC)� were determined
using the ethidium displacement assay [6, 12] and
were compared to those of distamycin and netrop-
sin (Tab. 1). These data demonstrate that all com-
pounds can bind to the studied DNAs. As can be
seen from Table 1, the binding constant (K���) for
bisamidines 1–3 vary from 1.8 · 10" M.! for com-
pound 1 to 1.0 · 10" M.! for compound 3. Binding
of bisamidines 1–3 was weaker than that of netrop-
sin and distamycin. The enhanced flexibility of bis-
amidines 1–3 would lower the probability of their
occupation of the correct region of conformational
space and increase the entropy loss upon binding,
both of which will lead to decreasing binding af-
finities. It may explain the lower DNA-binding
properties of bisamidines 1–3 compared to netrop-
sin and distamycin (Tab. 1).
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Fig. 1. The chemical structure of the aromatic bisamidines 1–3

and Hoechst 33258

Table 1. Association constants (K��� × 10� M��) of the binding of
the ligands to polynucleotides

Ligand Calf thymus
DNA

poly(dA-dT)� poly(dG-dC)�

Ethidium
bromide

100 95 99

Netropsin 8.7 875 2.5

distamycin 7.5 340 2.0

1 1.8 7.9 0.7

2 1.4 7.5 0.6

3 1.0 7.1 0.8

The error for determination of netropsin, distamycin and the
compounds 1–3 is ± 0.2 × 10� M��



The bisamidines 1–3 bind to AT sequences
more weakly than the extensively studied minor-
-groove binders, such as distamycin and netropsin.
However, these compounds show high sequence-
-selectivities. The values of K��� for the binding of
compounds 1–3 to poly(dA-dT)� are slightly greater
than those for poly(dG-dC)�. Since calf thymus
DNA contains random sequences and therefore
fewer AT sites than poly(dA-dT)�, the selectivities
of the ligands are further demonstrated by their
much weaker binding to calf thymus DNA com-
pared to poly(dA-dT)�. The AT base pair specifici-

ty shown by these bisamidines (Tab. 1) could be the
result of the preferential binding of highly electro-
positive bisamidines to the most electronegative re-
gion of the DNA, the AT base pairs in the minor
groove [1].

The DNA binding of these bisamidines suggests
that they may be effective in inhibition of regula-
tory protein binding in the minor groove, as has
been shown for other bisamidines [1, 5, 9]. Bisami-
dines such as furimidazoline and furamidine have
demonstrated diverse pharmacological activities [1,
3]. They show significant antiproliferative activi-
ties against various tumor cell lines, including cells
resistant to cisplatinum [13]. We studied the effect
of bisamidines 1–3 and Hoechst 33258 on DNA
synthesis in the cultured breast cancer MCF-7 cells
(Fig. 2 and Fig. 3). All studied bisamidines inhibi-
ted DNA synthesis in breast cancer MCF-7 cells, in
a dose-dependent manner, however with different
potency. The concentrations of bisamidines 1, 2

and 3 needed to inhibit [$H]thymidine incorpora-
tion into DNA by 50% (IC"%) found to be 85 ± 6
� M, 97 ± 5 � M and 117 ± 6 � M, respectively, sug-
gesting similar cytotoxic potency of these bisamidi-
nes compared to Hoechst 33228 (IC"% = 55 ± 6 � M).
These data show that in broad terms the cytotoxic
potency of bisamidines 1–3 in the cultured breast
cancer MCF-7 cells decreases with the size of the
alkyl group substituent (cyclopropyl > isopropyl >
cyclopentyl), in accord with increases in their DNA
affinity, as shown by the binding constant values
(Tab. 1). This suggests that DNA binding may be
implicated in the cytotoxicity of these bisamidines,
possibly by inhibiting interactions between cellular
proteins and their DNA targets. The activity of RNA
polymerases, DNA polymerases, and topoisome-
rases I and II can be affected by bisamidines 1–3

treatment of their DNA templates. It is also possi-
ble that the hydrophobic tetramethylene group, act-
ing as recognition signal for hydrophobic residues
in these proteins, improved the levels of such re-
cognition. We cannot exclude the possibility that
the differences in cytotoxicity are due to differ-
ences in cell uptake. Further investigations on the
mechanisms of the cytotoxicity elicited by these
compounds are in progress.
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Fig. 2. Cytotoxic effects of bisamidines 1–2 on the cultured
breast cancer MCF-7 cells as measured by inhibition of [�H]thy-
midine incorporation into DNA. Mean values ± SD of 3 inde-
pendent experiments (n = 4) done in duplicates are presented

Fig. 3. Cytotoxic effects of bisamidine 3 and Hoechst 33258 on
the cultured breast cancer MCF-7 cells as measured by inhibi-
tion of [�H]thymidine incorporation into DNA. Mean values
± SD of 3 independent experiments (n = 4) done in duplicates
are presented
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