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Nitracrine [NA', Ledakrin, 1-nitro-9-(3,3-
N,N-dimethylamino-propylamino)-acridine] is
of current interest as a hypoxia-selective cyto-
toxic agent [1]. The drug acquires its DNA and
protein binding propensity upon reductive ac-
tivation leading to formation of macromolecu-
lar adducts, which seem to be responsible for
its cytotoxicity [1, 2]. The enzymatic activation
of NA can be replaced in a cell-free system by
the reaction with thiols. A transient product of
the thiol-NA reaction binds to DNA and forms
covalent adducts decreasing its template activ-
ity [3]. It was demonstrated in cultured cells
that NA induces DNA interstrand crosslinks
[4], DNA single strand breaks [5], and DMNA-
protein crosslinks [6, 7]. Although high cross-
linking potency of the drug seems to be linked
with its cytotoxicity, the critical target in chro-
matin responsible for lethal effects of NA re-
mains unidentified. The ability of NA to form
DNA-protein crosslinks and single strand
breaks may suggest that this drug blocks topoi-
somerase [ or/and topoisomerase Il at the
“cleavable complex” step [8]. However accord-
ing to Woynarowski’'s ¢f al. [9] results with
L1210 cells, topoisomerase |l is unlikely to be
inhibited by the drug. The inhibitory effect of
NA on topoisomerase 1 (topo 1) has not been
tested so far.

The aim of the current work was to test
whether NA may disturb catalytic action of

topo | from L1210 cells. The effect of the drug
on topo | was compared with that of C-137, its
biologically inactive des-nitro analog.

The inhibitory effect of both acridines on topo
[ was studied in a cell-free system containing
pBR322 DNA (atleast 70% of supercoiled form)
and nuclear extract from L1210 cells. Nuclei
were extracted according to Filipski ef al. [10].
The topo | assay measuring relaxation of the
supercoiled substrate by nuclear extract was
performed according to Hertzberg ef al. [11],
under conditions promoting the processive
mode of topo | action. Reaction mixtures
(usually 25 ul) contained 0.5 pg of pBR322DNA
and 0.5 unit of topo 1. One unit fully relaxed 1
ug of substrate after 30 min at 37°C. Relaxation
was carried out for 30 min at 37°C and the
reaction was stopped by adding sodium dode-
cylsulfate and proteinase K. After another 30
min at 37°C, 5 ul of gel loading buffer
(Tris/HC1 0.01 M, pH 8, glycerol 30%, bromo-
phenol blue 0.05%) was added. Samples were
loaded on 0.8% apgarose pel and electrophoresis
was carried out for 2 h at 4 V/cm. Gels were
stained with 0.5 uM ethidium bromide and
photographed under UV light. The negative of
the gel photograph was scanned with a Hoefer
Scientific [Instrument GS 300 densitometer, and
percentage of the relaxed DNA form relative to
total DNA for each lane was quantitated. To
form NA-DNA adducts the drug was preincu-
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Fig. 1. Effect of dithiothireitol on inhibition of topoisonterase I from L1210 cells by nifracrine and C-137.
Assay without dithiothreitol (03, A); pBR322 DNA preincubated with increasing concentrations of the drugs for 30 min
at 37°C in the presence of 2 mM dithiothreitol (@, 4 ). Panel A — nitracrine, pancl B— C-137.

bated with DNA for 30 min at room tempera-
ture in the presence of 2 mM dithiothreitol
(DTT) prior to topo [ addition.

Asshownin Fig. 1A, NA exhibited a very low
inhibitory effect on relaxation when the reac-
tion was carried out in the absence of DTT.
Preincubation of NA for 30 minin the presence
of 2 mM DTT resulted in inhibition of the topo
[ catalyzed relaxation of supercoiled DNA (Fig.
1A). C-137, the des-nitro analog of NA, in-
hibited relaxation of DNA to a greater extent
than did the parent compound, and its action
was not dependent on DTT (Fig. 1B).

The effect of either acridine observed in the
absence of thiol seems to be related to thedrugs
intercalation properties. As it was demon-
strated by Pommier ¢f al. [12] several intercalat-
ing acridines inhibited topo [ in a cell-free
system. C-137 with its flat acridine ring is a
typical intercalating dye and its relatively
strong effect on topo [ activity was rather ex-
pected. NA, of a “butterfly” like molecule, is
not flat and cannot form a strong intercalating
complex with DNA (see Gniazdowski et al. [13]
forreview). Asthe NA-DMNA intercalationcom-
plex is characterized by a low binding constant
and low number of binding sites in DNA [13]
it seems clear that NA, a poor intercalator, does
not interfere efficiently with topo | action (Fig.
1, without DTT).

Preincubation of DNA with NA in the
presence of DTT resulted in a significant en-
hancement of the inhibition (Fig. 1A). No simi-
lar enhancement was observed in the case of
C-137 (Fig. 1B). This result demonstrates a
necessity for reduction of the nitro groupin NA
molecule for its inhibitory action, and is con-
sistent with earlier studies on inhibitory effect
of NA and its analogs on RN A synthesis in vilro
[13]. The exact mechanism of topo [ inhibition
by NA in the presence of DTT remains un-
known. However, our results suggest that thiol
dependent activation of the drug leads to the
formation of the drug-DNA adducts which are
an impediment to topo [ action. The most inter-
esting question: whether topo [ could be a cel-
lular target for nitracrine, cannot be answered
at this stage of our work. Especially as it is not
known whether NA traps specifically the
enzymeinthe “cleavable” complex, or whether
it affects the affinity of topo | to the substrate.
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