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Summary: A methanol extract of Zanthoxylum nitidum
found to inhibit topoisomerase I-mediated DNA relaxation
and stabilize the covalent binary complex between the
enzyme and DNA was subjected to bioassay-guided
fractionation; three strongly inhibitory principles were
identified including nitidine, chelerythrine, and a new
alkaloid for which the name isofagaridine is suggested.

Theinhibition of DNA topoisomerases is of great interest
at present because they play a critical cellular role in that
they alter the topological state of DNA and are thereby
required for processes such as DNA replication and
transcription.! DNA topoisomerase I changes the DNA
linking number 1202 by mediating a transient break on
one strand of DNA; a tyrosine OH group at the enzyme
active site becomes covalently bound to the broken DNA
strand via a phosphate ester linkage (Figure 1). Topo-
isomerase II functions in an analogous fashion, but creates
breaks on both DNA strands to permit the requisite “strand
passage™®3 that results in a change in linking number.

Consistent with their ability to inhibit a mediator of
essential cell functions, several inhibitors shown tostabilize
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Figure 1. Mechanism of topoisomerase I-mediated plasmid DNA
relaxation. Topoisomerase I (O) becomes covalently attached to
the DNA through a 3’-O-phosphorotyrosine bond with concom-
itant (reversible) breakage of one DNA strand. DNA relaxation
occurs via DNA strand passage, after which the open circular
form is resealed, affording a relaxed circular DNA and free
enzyme. Compounds 1-3 all inhibited the overall process of
plasmid DNA relaxation, but only nitidine efficiently stabilized
the enzyme-DNA covalent binary complex.

the covalent binary complex between topoisomerase II
and DNA have useful antitumor activity. Camptothecin
is an alkaloid that inhibits topoisomerase I-mediated DNA
relaxation by analogous stabilization of the topoisomerase
I-DNA covalent binary complex.? Camptothecin has
strong antitumor activity in animal tumor models,® and
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three derivatives of camptothecin are in clinical trials as
antitumor agents.”

In contrast with topoisomerase I1, there are few specific
inhibitors of topoisomerase I-mediated DNA relaxation,39
and the camptothecins are the only agents known that
specifically stabilize the topoisomerase I-DNA covalent
binary complex without binding to the enzyme or DNA
alone.® As part of a continuing search for novel topo-
isomerase I inhibitors, we investigated the properties of
a methanol extract of Zanthoxylum nitidum, a climbing
shrub 1-3 m in height that is widely distributed in the
south of China.l® We found that the extract strongly
inhibited the relaxation of supercoiled plasmid pSP64
DNA by calf thymus DNA topoisomerase I and stabilized
the covalent enzyme-DNA complex (Figure 1). Three
structurally related benzophenanthridine alkaloids re-
sponsible for the observed activities were isolated by
bioassay-guided fractionation and characterized struc-
turally as 1-3. Remarkably, while all three compounds
exhibited comparable inhibition of DNA relaxation, only
nitidine (1) efficiently stabilized the covalent topo-
isomerase [-DNA binary complex. Chelerythrine (2) failed
tostabilize the complex at any tested concentration, while
a new alkaloid (3, for which the name isofagaridine is
proposed) effected binary complex stabilization only at
concentrations >100-fold greater than nitidine (1).

A methanol extract prepared from the roots of Zan-
thoxylum nitidum was found to inhibit topoisomerase
I-mediated DNA relaxation'! and to stabilize the enzyme—
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Figure 2. Inhibition of DNA relaxation by nitidine (1), chel-
erythrine (2), and isofagaridine (3). Supercoiled (formI) plasmid
DNA was incubated alone (lane 1), in the presence of topo-
isomerase I (lane 2), or in the presence of enzyme + inhibitor.
Lanes 3-6: 500, 167, 55, and 18 uM nitidine (1), respectively.
Lanes 7-10; 500, 167, 55, and 18 uM chelerythrine (2), respec-
tively. Lanes 11-14: 500, 167, 55, and 18 uM isofagaridine (3),
respectively. Form IV DNA was relaxed circular DNA.
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DNA covalent binary complex;!? both assays were used to
guide the isolation of the active principles. The methanol
extract (32 g) was dissolved in aqueous solution containing
5% HOAc. After filtration, the pH was adjusted (to 8-9)
with NH4OH, and the solution was extracted with CH,Cl,,
affording 1.6 g of an active fraction. Following treatment
with HCI, compound 1 crystallized from methanol as yellow
needles (96 mg).!* The mother liquor deposited an
additional 128 mg of yellow crystals from acetone; frac-
tional crystallization of this material afforded 25 (31 mg)
and 317 (27 mg), each of which was purified by preparative
silica gel TLC as the hydroxide and then crystallized as
the chloride.

Thestructures of 1'®and 21° were established as nitidine
and chelerythrine, respectively, based on comparison of
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Figure 3. Effect of alkaloids 1-3 on the stability of the
topoisomerase I-DNA covalent complex. Supercoiled (form I)
plasmid DNA was incubated alone (lane 1), in the presence of
topoisomerase I (lane 2), or in the presence of enzyme + an
alkaloid. Lanes 3-6: 100, 20, 4, and 0.8 pM camptothecin,
respectively. Lanes 7-10: 100, 20, 4, and 0.8 uM chelerythrine,
respectively. Lanes 11-14: 100, 20, 4, and 0.8 uM isofagaridine,
respectively. Lanes 15-18: 100, 20, 4, and 0.8 uM nitidine,
respectively. Form II DNA was nicked circular DNA, putatively
formed by digestion of the topoisomerase I-DNA covalent
complex with SDS-proteinase K prior to agarose gel electro-
phoresis.

their physical and spectral properties with those of the
authentic materials.!41618 Compound 3 was also believed
to be a benzophenanthridine alkaloid based on its UV
spectral characteristics.'® The mass spectrum of this
compound indicated M, 334, consistent with its formu-
lation as the known alkaloid fagaridine (4), and treatment
with diazomethane gave a product identical with chel-
erythrine as would be expected for authentic fagaridine.
However, this third compound (isolated as the chloride)
had mp 226-8 °C'7 and failed to give a color with FeCls
reagent, whereas fagaridine chloride had a mp of 206-8
°C20 and gave a red coloration in the presence of FeCl;
reagent.2! The logical alternative structure for the newly
isolated compound, i.e., an isomer of fagaridine having
7-0OCH3and 8-OH substituents, was supported by nuclear
Overhauser experiments.?? Isofagaridine is suggested as
a name for this species.

Asshown in Figure 2, compounds 1-3 effected complete
inhibition of pSP64 DNA relaxation by 2.2 ng of calf
thymus DNA topoisomerase I when employed at 167 or
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500 uM concentrations for 30 min; nitidine (1) and
isofagaridine (3) were also effective at 55 uM concentration,
while chelerythrine gave partial inhibition at this con-
centration. These results compared favorably with those
obtained for camptothecin, which inhibited relaxation

camptothecin

partially at 167 uM and completely at 500 uM concen-
trations.> As shown in Figure 3, nitidine stabilized the
covalent binary complex between topoisomerase I and
DNA (cf. Figure 1) to a somewhat lesser extent than
camptothecin. Densitometric analysis of the agarose gel
indicated 56% covalent binary complex formation at 100
M nitidine (vs 69% at 100 uM camptothecin) and 44%
covalent complex at 4 uM nitidine (vs 58% for camp-
tothecin). Isofagaridine was only weakly active in this
assay, while chelerythrine had no detectable activity.

Nitidine and other 8,9-substituted benzophenanthridine
alkaloids such as fagaronine have been shown to have
antitumor activity in animal tumor models,?® an activity
which could be related to inhibition of DNA topoisomerase
I. Interestingly, 7,8-substituted benzophenanthridine
alkaloids such as chelerythrine, have not generally been
found to have antitumor activity.23a<¢ The presentresults
are of importance in that they provide a potential lead
structure for the development of new antitumor agents.
Less obvious, but no less important, is the finding of
differential activities for 1-3 in inhibiting DN A relaxation
vs binary complex stabilization, since this should provide
an important tool for determining the actual molecular
event(s) whose alteration leads to cell death in the presence
of compounds that mediate cytotoxicity at the locus of
topoisomerase I.
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