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ABSTRACT: A circular dichroism spectroscopic study on the DNA binding ability of 2,6-di(heteroarylvinyl)py-
ridines (heteroaryl 2-furyl, 2-pyridyl, 2-thiazolyl) provided evidence for the binding of the furyl and thiazolyl
derivatives to selected oligonucleotides. The furyl derivative, exhibiting logIC50 =ÿ6.54 for in vitro inhibition
against breast carcinoma cells (MCF-7), might represent a new lead compound for structure optimization. Copyright
 2000 John Wiley & Sons, Ltd.
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Many antitumor drugs act by binding within the minor
groove of double-helical DNA, interfering with both
replication and transcription. The interest in the search
for new structures able to bind selectively DNA minor
groove GC bases, in which several oncogens are
particularly rich, led to the recognition of the four
Watson–Crick base pairs in the DNA minor groove by
synthetic polyamides containing five-membered nitrogen
heteroaromatics.1 Many other DNA binding agents
include aromatic or heteroaromatic moieties linked by
carbon and/or heteroatom linkers, and amidino groups
attached to the aromatic rings, including netropsin,
distamycin, berenil and pentamidine, for which the
crystal structure of the complex with a selected
oligonucleotide dodecamer sequence is available.2 Re-
placement of the central linkers in pentamidine and
berenil with a furan moiety improves the DNA-binding
properties, as confirmed by the crystal structures of the
drug–DNA complexes.3 Although the linker may not be
directly involved in the DNA binding, its length is

decisive for the binding selectivity. We have recently
reported4 on the synthesis and basic properties of the 2,6-
di(heteroarylvinyl)pyridines1–3 possessing structural
skeletons in which heteroaromatic rings which may act
as binders are linked by ethylenic double bonds exerting
only a ‘spacing’ function. In this context, we now report a
circular dichroism (CD) spectroscopic study on the DNA
binding ability of 2,6-di(heteroarylvinyl)pyridines1–3
and preliminary results on theirin vitro antitumor activity
towards two selected cell lines: human mammary
carcinoma (MCF-7) and human non-small lung adeno-
carcinoma cells (A549).

Compounds1–3 have been used as ligands for double
helices of the following dodecamer oligonucleotide
sequences, selected as representative of AT-rich and
GC-rich DNA fragments, respectively:

d[(ATAAATTAAATA) (TATTTAATTTAT)]
(AT rich)

d[(ATGGCCGCGCTA) (TACCGGCGCGAT)]
(GC rich)

CD spectra of1–3 with AT- and GC-rich double
helices did not show, apart from PTz2 (see below),
induced CD bands in the UV–visible region, where
ligands exhibit absorption maxima, as is evident from
those previously observed for mitomycin–DNA com-
plexes.5 CD measurements have been widely used to
provide evidence of DNA conformational changes. As
alteration of the DNA secondary structure or distorsion of
the helix usually occurs upon binding of drug molecules,
e.g. by intercalation, changes in the DNA CD bands were
selected as a probe to detect conformational changes
caused by the addition and consequent binding of1–3 to
the chosen helices. The study of the above changes is an
area of great interest since drug-induced distorsions of
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DNA structure play an important role in biological
effects by interfering with repair, replication and
transcriptionsystems.

Figures1 and 2 report the CD spectraof the furan
derivative1 at variousstoichiometricratioswith respect
to AT- and GC-rich helices.Upon ligand addition the
intensitiesat the extremaof the dichroic bandsat 248–
270 and 250–284nm, respectively,exhibit significant
changes.At low ligand-to-DNAratiosthespectrashowa
hypochromic effect of the above bands, and similar
smaller changestake place when small amounts of
dioxaneor ethanolareaddedto a solutionof theselected
DNA in buffer. This effect is well known and can be
ascribedto areductionof thebasestackingforcessuchas
van der Waals and solvation forces.6 Therefore, the
hypochromic effect observedin Figs 1 and 2 upon
additionof 0.1 and0.5mol of ligand with respectto the
doublehelix mightbeascribedto anintercalationprocess
thatis alwaysaccompaniedby unwindingof thehelix and
baseunstacking.Thespectrashowahyperchromiceffect
at equimolar ligand-to-DNA ratios and a subsequent
hypochromiceffect with an excessof ligand (2:1 ratio).
This behavioursuggeststhat,wheninteractingwith PF2,
both AT- and GC-rich helices undergoa sequenceof
DNA conformational changesprobably due to helix
stackingandunstackingprocessesinvolving the forma-
tion of different complexesin which oneor moreligand
moleculesinteractwith theDNA doublehelix.

TheCD spectraof thethiazoleandpyridinederivatives
2 and 3 with the AT-rich helix exhibit only minor
variationsin the characteristicDNA range210–300nm
up to a 2:1 molar ratio.

Figure3 showsthat,uponadditionof oneequivalentof
PTz2 to theAT- rich helix, a negativeinducedCD band
appearsin thecharacteristicligandregionabove300nm.

The aboveband,showingno significantvariationsupon
additionof anotherequivalentof PTz2 (2:1 ligand:oligo
ratio) wasnot evidentfor theGC-richhelix. This finding
suggestsaninteractionof PTz2 with theAT rich helix. In
conclusion,the presentCD spectral investigationpro-
videsclearevidencefor the interactionof PF2 with both
AT- andGC-rich helicesandof PTz2, with the AT-rich
helix. Other interactions causing no significant CD
changes,however,cannotbeexcluded.

Figure 1. CD spectra at 25°C (0.02 M Tris±HCl buffer, 0.1 M

NaCl with 5% dioxane, pH 7.4) of PF2 ligand and
d[(ATAAATTAAATA) (TATTTAATTTAT)], at increasing
ligand-to-DNA molar ratios: ......, 0; -----, 0.1; Ð, 0.5; Ð, 1;
-..-..-..-, 2

Figure 2. CD spectra at 25°C (0.02 M Tris±HCl buffer,
0.1 M NaCl with 5% dioxane, pH 7.4) of PF2 and
d[(ATGGCCGCGCTA) (TACCGGCGCGAT)], at increasing
ligand-to-DNA molar ratios: ....., 0; -----, 0.1; Ð, 0.5; Ð, 1;
-..-..-, 2

Figure 3. CD spectra in the range 280±400 nm at 25°C
(0.02 M Tris±HCl buffer, 0.1 M NaCl with 7.5% ethanol, pH
7.4) of PTz2 and d[(ATAAATTAAATA) (TATTTAATTTAT)],
at increasing ligand-to-DNA molar ratios: ....., 0; Ð, 0.5; Ð,
1; -..-..-, 2
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Table 1 reportsthe logIC50 valuesfor pyridines1–3
andfor m-AMSA anddoxorubicin,antitumoragentswith
potentially similar mechanism.For example,m-AMSA
actsagainstacuteleukemiaandmalignantlymphomasby
intercalation of the acridine chromophoreand minor
groove binding of the anisidine moiety.7 LogGI50

availablein theNCI databankfor m-AMSA, doxorubicin
and tamoxifen, a triarylethylene derivative exhibiting
somestructuralanalogywith 1–3, are also reportedfor
comparison.Compounds1–3weretestedagainsttwo cell
lines: breastcarcinoma(MCF-7) andpulmonaryadeno-
carcinoma(A549) humancells.All threecompoundsare
moreactiveagainstthebreastcell line (MCF-7),with PF2

beingthemostpotent.This finding is consistentwith the
resultsof theCD study,pointingoutmajorchangesin the
spectraof PF2. Table1 showsalsothattheactivity of PF2

againstMCF-7 cells is comparableto that of m-AMSA,
but lower thanthatof doxorubicin.Thecomparisonwith
the logGI50 from the NCI databankconfirmsthe above
trend,but indicatesthattheactivity of PF2 againstMCF-7
cells is comparableto or even better than that of the
structural analogue tamoxifen. It is noteworthy that
structuressuchasthoseof 1–3, with threeheteroaromatic
ringsspacedby ethylenelinkers,havenotyetbeentested
asantitumoragents.Suchderivativescanberegardedas
new‘leadcompounds’for structureoptimization.Studies

aimedat the improvementof the solubility in waterand
hopefullyof theantitumoractivity arein progress.
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Table 1. LogIC50 (mM)a for pyridines 1±3 and for other antitumor agents, with logGI50 values from the NCI data bank (in italics)
for comparison

Cell line
m-AMSA

NSC249992
Doxorubicin
NSC123127

Tamoxifen
NSC180973 PF2 PTz2 P3

MCF-7 ÿ7.1 ÿ9.0 — ÿ6.54(0.10) ÿ4.60(0.06) ÿ5.01(0.13)
ÿ6.9b ÿ7.7b ÿ5.8b — — —

A549 ÿ7.2 ÿ8.0 — >ÿ4 ÿ4.50(0.02) >ÿ4
A549/ATCC ÿ7.3b ÿ7.1b ÿ5.2b — — —

a Concentrationto inhibit cell growthby 50%;4-daydrugexposure.Averagevaluesof two determinations;standarderrors in parentheses.
b LogGI50, 2 daysdrug exposurewith correctionfor the cell countat time zero,from NCI databank[databaseresourcesarecurrentlyavailable
searchingby chemicalnameor NSCnumberfor a setof 175standardagentsin the World Wide Web (http://dtp.nci.nih.gov/docs)]
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