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Abstract

Cassytha filiformis (Lauraceae), a widely distributed parasitic
plant, contains several aporphine alkaloids and is often used in
African folk medicine to treat cancer, African trypanosomiasis
and other diseases. In a previous investigation, we showed that
the alkaloid plant extract and the isolated aporphines possessed
in vitro cytotoxic propertiés. In this paper, we evaluated the in
vitro activity of the alkaloid extract (ICsp = 2.2 ug/mL) and its
three major aporphine alkaloids (actinodaphnine, cassythine,
and dicentrine) on Trypanosoma brucei brucei as well as four
related commercially available aporphines (bulbocapnine, glau-
cine, isocorydine, boldine). Only the three alkaloids from
Cassytha filiformis were active on the trypanosomes in vitro
(ICso = 3-15 uM). Additionally, we compared the cytotoxicity
of these seven compounds on Hela cells. Glaucine was the most

cytotoxic compound on Hela cells (ICsq = 8.2 uM) in the series.
In order to elucidate their mechanism of action, the binding-
mode of these molecules to DNA was studied by UV absorption,
circular and linear dichroism spectroscopy. The results of the op-
tical measurements indicated that all seven aporphines effec-
tively bind to DNA and behave as typical intercalating agents.
Biochemical experiments showed that actinodaphnine, cassy-
thine and dicentrine also interfere with the catalytic activity of
topoisomerases in contrast to the four other aporphines. These
interactions with DNA may explain, at least in part, the effects
observed on cancer cells and on trypanosomes.
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Introduction

Over the past two decades, aporphine alkaloids have been exten-
sively investigated as pharmacological tools and, in some cases,

as potential anticancer, antiviral, and antiparasitic agents [1},
[2]. In this context, our previous investigation [3] has led to the
isolation of aporphine alkaloids from Cassytha filiformis (Laura-
ceae), a sprawling parasitic herb widely used in African tradition-
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al medicine to fight, among 6thers, parasites such as trypano-
somes {4] and to treat cancers [5]. We showed that the alkaloid
fraction and aporphines isolated therefrom possessed cytotoxic
properties against cancer and non-cancer cell lines in vitro [3].
As C. filiformis is traditionally used to treat African trypanoso-
miasis, a disease for which appropriate and affordable treatment
is scarce, we decided to analyze the in vitro effect of a crude alka-
loid extract and isolated compounds on Trypanosoma brucei
brucei, one of the causative agents of this disease.

Woo et al. [6] have suggested that dicentrine behaves as a DNA
targeted “adaptative” intercalating agent. This consideration
prompted us to investigate the interaction of several aporphine
alkaloids with DNA and potential inhibition of the DNA-associat-
ed enzymes topoisomerases [ and II, which both serve to resolve
constraints in the genome. Topoisomerases have been proposed
as potential targets for related aporphines [6], [7].

In this study, we compared the effects of three alkaloids isolated
from C. filiformis (5-7) and four commercially available alkaloids
(1-4) structurally related to the Cassytha aporphines (Fig.1).

Materials and Methods

Drugs, chemicals and biochemicals

Three S-aporphine alkaloids (5-7) were isolated and purified
from a crude alkaloid extract of Cassytha filiformis L. as previous-
ly described [3].

Four S-aporphine alkaloids (1-4) were purchased: bulbocap-
nine-HCl and isoeorydine-HCl were obtained from ICN (Aurora,
OH, USA), boldine from Federa (Brussels, Belgium) and glauci-

Compound R' R? R® rR* R R® R
1 Bulbocapnine -0-CHz-O- H CHs H 0O-CHs OH
2 {socorydine O-CHy  O-CHs H CHs H O-CHs OH
3 Baldine O-CHs OH H CHs OH O-CHs H
4 Glaucine OCHy  O-CHs H CHs O-CH;  O-CHs H
§ Actinodaphnine -0-CHz-O- H H OH O-CH; H
6 Dicentrine -0-CH>O- H CHs O-CHy  O-CHs H
7 Cassythine “0-CH-0- O-CHa H OH O-CH, H

Fig.1 Structure of the studied compounds 1-7.
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ne-HCl from Sequoia Research (Oxford, United Kingdom). A 5-
10mM stock solution was prepared in dimethyl sulfoxide
(DMSO) for each compound. Stock solutions were kept at ~20°C
and freshly diluted to the desired concentrations immediately
prior to use with the suitable culture medium or buffer.

Calf thymus DNA (CT-DNA) and the double-stranded alternating
polymer, poly(dA-dT), were purchased from Sigma Chemical Co.
(La Verpilliere, France). CT-DNA was deproteinized with sodium
dodecyl sulfate (SDS) and dialysed against 1 mM sodium cacody-
late buffered solution, pH 6.5. Concentrations were determined
by applying a molar extinction coefficient of 6600 M~!cm-! for
both polymers. All other chemicals were analytical grade.

In vitro test for antitrypanosomal activity

Trypanosoma brucei brucei (T. b. brucei) (strain 427) bloodstream
forms were cultivated in vitro in a modified Iscove’s medium
containing 10% heat-inactivated fetal calf serumn and blood-
stream form supporting factors: 0.05 mM bathocuproine sulfo-
nate, 1.5 mM i-cysteine, 1 mM hypoxanthine, 0.2 mM 2-mercap-
toethanol, 1 mM sodium pyruvate, 0.16 mM thymidine known as
HMI 9. Fifty microliters of HMI-9 were added to each well of a
96-well plate. Three-fold serial dilutions in duplicate were per-
formed and 50 uL of an axenic culture of T. b. brucei containing
3000 bloodstream forms were added to each well. The plate
was incubated at 37 °C in a humidified atmosphere containing
5% CO,. Control wells without compounds were included as
well as control wells with DMSO. Background fluorescence of
the compound-containing medium was determined for each
concentration. The highest concentration of DMSO after serial di-
lutions with complete culture medium was 0.3 %. After 68 hours
of incubation, the fluorochrome Alamar Blue™ (Immunosource,
Halle-Zoersel, Belgium) was added into each well and the fluor-
escence was quantified after a total incubation time of 72 h with
a fluorescence plate reader (Millipore Cytofluor 2300) using an
excitation wavelength of 530 nm and an emission wavelength of
590 nm [8]. Fluorescence development was expressed as percen-
tage of the control, considered as 100%, and IC5, values (concen-
tration of compound that reduced fluorescence intensity by 50%)
were calculated by linear interpolation selecting values above
and below the 50% mark according to Hills et al. [9]. The antitry-
panosomal drugs, diminazene aceturate (Berenil®, Hoechst AG)
and suramin (Sigma), were used as positive controls [8]. All ex-
periments were performed at least in triplicate.

Cytotoxicity assay

Hela cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco) supplemented with 10% fetal bovine serum and
penicillin (100 Ul/mL). Cells were incubated at 37 °C in a humidi-
fied atmosphere containing 5% CO,. The effects of the alkaloids
were evaluated using the tetrazolium salt MTT (Sigma) colori-
metric method based on the reduction of the reagent by dehy-
drogenases in viable cells [10]. Briefly, 5000 cells/well were seed-
ed in 100 uL of medium in 96-well plates. After 24 h, 100 uL of
fresh medium containing various compound concentrations
were added to each well while control wells received fresh medi-
um containing analogous DMSO concentrations. Each concentra-
tion was tested in at least 7 wells. After 72 hours of incubation,
the medium was replaced by 100 uL DMEM (without serum)
containing 10 uL of MTT solution (3 mg/mL in PBS). After 45 min-



utes in the incubator, the medium containing MTT was removed
and 100 puL of DMSO were added to each well. Afterwards the
plates were shaken and the absorbance was measured at 570
nm and 620 nm against a background control as blank (DMSO)
on a microplate reader. The relative absorbance was expressed
as a percentage of the control cells considered as 100%. Campto-
thecin (ICN) was used as a positive control [11]. The results are
expressed by ICs, values (concentration of compound causing
50% inhibition of cell growth) calculated from graphs using at
least five different concentrations of each alkaloid. All experi-
ments were made at least in triplicate.

Absorption spectra and melting temperature studies

Melting curves were measured using an Uvikon 943 spectro-
photometer coupled to a Neslab RTE111 cryostat. For each series
of Tm measurements, 6 samples were placed in a thermostati-
cally controlled celi-holder, and the quartz cuvettes (10 mm
path length) were heated by circulating water. The measure-
ments were performed in BPE buffer pH 7.1 (6 mM Na;HPO,,
2mM NaH,PO,, 1mM EDTA) at an alkaloid concentration of
20 uM together with CT-DNA or poly(dA-dT), at 20uM [DNA-
phosphate/drug ratio (P/D) = 1]. The temperature inside the
cuvette was measured with a platinum probe; it was increased
over the range of 35-100 °C for poly(dA-dT), and over the range
of 45-100°C for CT-DNA, with a heating rate of 1°C/min. The
“melting” temperature Tm was taken as the mid-point of the hy-
perchromic transition.

The Uvikon 943 spectrophotometer was also used to record the
absorption spectra. Absorption spectra measurements were per-
formed in 1 mM sodium cacodylate buffer (pH 6.5) at a com-
pound concentration of 20uM together with the CT-DNA at
200 uM [DNA-phosphate/drug ratio (P/D) = 10]. A DNA blank at
the same riucleotide concentration was performed concomitant-
ly and used as a reference in the recording of absorption spectra.

Electric linear dichroism (ELD)

ELD measurements were performed with a computerized optical
measurement system using the procedures previously outlined
[12]. All experiments were conducted with a 10 mm path length
Kerr cell having 1.5 mm electrode separation. The samples were
oriented under an electric field strength varying from 1 to 14 kV/
cm. Each alkaloid studied was present together with the DNA ata
DNA-phosphate/drug ratio (P/D) = 20. This -electro-optical
method is a powerful optical tool to define the orientation of a
ligand with respect to the DNA helix axis. In these experiments,
the DNA is oriented by an electric field and the orientation of the
molecules bound to DNA is probed using a linearly polarized
light. ELD has the advantage that it senses only the orientation
of the polymer-bound ligand: free ligand is isotropic and does
not contribute to the signal [12].

Circular dichroism (CD)

CD measurements were recorded on a Jobin-Yvon CD6 dicho-
graph. The same solutions as in the ELD experiments were used.
Solutions of alkaloids and/or nucleic acids in 1 mM sodium caco-
dylate buffer pH 6.5 were scanned using a 1 cm path length cell.
Three scans were accumulated and automatically averaged.

Topoisomerase-mediated DNA relaxation experiments
Topoisomerase I and II-mediated DNA relaxation assays were
performed as described earlier {13]. Recombinant topoisomerase
1 protein was purified from baculovirus infected Sf9 cells accord-
ing to a published procedure [14]. Some experiments were also
performed with commercially available enzymes (topoisomera-
ses | and II from TopoGen Inc.). For the topoisomerase I assays,
supercoiled pLAZ3 DNA (130 ng) was incubated with 4 units to-
poisomerase I at 37 °C for 45 min in relaxation buffer (100 mM
Tris-HCl, pH 7.9, 10 mM EDTA, 1.5 mM Nacl, 1% BSA, 1 mM sper-
midine, 50% glycerol) in the presence of varying concentrations
of the compound under study. Camptothecin (Sigma) was used
as a positive control.

For the topoisomerase Il assays, supercoiled pLAZ3 DNA (130 ng)
was incubated with 4 units human topoisomerase II at 30 °C for
30 min in relaxation buffer (50 mM Tris-HCl, pH 8.0, 120 mM K],
10 mM MgCl,, 0.5 mM dithiothreitol, 0.5 mM ATP, 30 ug/mL BSA)
in the presence of varying concentrations of the compound un-
der study. Etoposide (Sigma) was used as a positive control.

For both assays, reactions were terminated by adding SDS to
0.25% and proteinase K to 250 ug/mL. DNA samples were then
added to the electrophoresis dye mixture (5 uL) and electrophor-
esed at room temperature in 1% agarose gels. Gels were stained
with ethidium bromide (1 ug/mL), washed, and photographed
under UV light. Similar experiments were performed using ethi-
dium-containing agarose gels.

Results and Discussion

In vitro antitrypanosomal activity and cytotoxicity

Because of the use of C. filiformis in the traditional treatment of
African trypanosomiasis, we analyzed the effects of a crude alka-
loid extract on bloodstream forms of T. b. brucei in vitro. This ex-
tract revealed a significant antitrypanosomal activity (ICsp =
2.2 ug/mlL) and a selectivity towards the parasite versus cancer
cells (ICso on HeLa cells = 35.2 pug/mL).

The major aporphines of this extract were then purified and
tested for their in vitro antitrypanosomal activity as well as
other aporphines commercially available (Table1). The three
alkaloids of C. filiformis (5~7) showed an ICs, on T. b. brucei of
3 to 15 uM. Bulbocapnine (1), isocorydine (2), boldine (3) and
glaucine (4) were inactive in our test. In a previous study, bul-
bocapnine showed no in vivo activity in mice infected with T. b.
brucei [15].

As selectivity against trypanosomes was observed with the ex-
tract from Cassytha filiformis, we decided to compare under iden-
tical conditions the cytotoxicity of the 7 aporphines selected in
this study. A cell growth inhibition assay using the human Hela
cancer cell line was employed. The cytotoxicity of all these mol-
ecules has already been reported in the literature but the cell line
and the test procedure significantly varied making comparison
difficuit [1], [3], [6]. [16]. Under our experimental conditions (3
days of continuous exposure), the three aporphines bulbocap-
nine (1), isocorydine (2), boldine (3) were found to be inactive
(Table 1). The three alkaloids of C. filiformis (5-7) showed cyto-
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Table1 Antitrypanosomal activity and cytotoxicity of alkaloids 1-7

Compound ‘ 1Csp (M)
T. b. brucei® HelLa®

Bulbocapine (1) 35
' vlsovcorydme (2) v
Boldine 3}
Glaucine (4)
Dicentrine (6)

yth

ambtbthecin

Diminazene aceturate 0.02 nd

a values indicate 50 % inhibitory concentrations (ICsp) in uM.
b Trypanosoma brucei brucei bloodstream forms.

¢ Human cervix carcinoma cells.

4 Not determined (nd).

toxic activity ranging from 15 to 35 uM and glaucine (4) was the
most active compound in the series (ICso = 8.2 uM). The three
Cassytha alkaloids (5-7) displayed a significant in vitro antitry-
panosomal activity, especiaily actinodaphnine (5), but with a
lower selectivity [selectivity index, ICso (HeLa)/ICso (T. b. brucei)
< 5) than the alkaloid fraction (selectivity index = 16). It is also
interesting to note that glaucine was cytotoxic to Hela cells but
was inactive on the trypanosomes.

DNA interaction and binding mode
Absorption measurements were performed to estimate the inter-
action of the compounds with DNA. The absorption spectrum of

each alkaloid at 20 uM was recorded in the absence and presence
of 200 uM calf thymus DNA. Two typical absorption spectra ob-
tained with actinodaphnine (5) and isocorydine (2) are shown
in Fig. 2. Binding of actinodaphnine to DNA induced significant
hypochromic effect and bathochromic shift in the absorption
band of the aporphine chromophore centered at 305 nm, reflect-
ing the interaction between the electronic states of the chromo-
phore and the DNA bases. In contrast, the spectrum of isocory-
dine was only slightly affected in the presence of DNA. Fig.3
shows the hypochromic effect (expressed in percentage) and
bathochromic shift observed for each tested compound. This in-
dicates that the three alkaloids isolated from C. filiformis (5-7)
and bulbocapnine (1) have a stronger interaction with DNA than
the other compounds, as can be concluded from both the higher
hypochromic effect (30-40%) and bathochromic shift (> 4 nm)
of the absorption band of the aporphine chromophore.

Melting temperature (Tm) studies were performed with CT-DNA
and the alternating polynucleotide poly(dA-dT),. The difference
in Tm values between the drug-DNA complexes and free DNA or
polynucleotide in solution provides a useful means to evaluate
qualitatively the interaction of the molecules with double strand- -
ed DNA. The results of these Tm measurements, carried out in
BPE buffer at a DNA-phosphate/drug (P/D) ratio of 1 are present-
ed in Fig. 4. Here again, the three alkaloids of C. filiformis (5-7)
stabilized duplex DNA against heat denaturation. As expected,
the stabilization due to these three compounds is significantly
higher for the alternating poly(dA-dT), polymer than for CT-
DNA due to the lower intrinsic Tm of the synthetic polymer com-
pared to the naturally occurring DNA from CT which contains
42% GC base pairs and therefore melts at a higher temperature
than poly(dA-dT), [Tm of 42°C and 61 °C for poly(dA-dT), and
CT-DNA, respectively]. In this assay, bulbocapnine did not stabi-

Fig.2 Absorption spectra of actinodaph-
nine (5) and isocorydine (2) in the absence
(solid line) and in the presence (dashed
line) of calf thymus DNA at a DNA-phos-
phate/drug ratio (P/D) of 10. The absorption
measurements were performed in 1 mM so-
dium cacodylate buffer at pH 6.5

0,0 T 0,0
260 280 300 320 340 260 280

300 320 340

wavelength (hm) wavelength (nm)

o
o

Fig.3 Hypochromism percentage (a) and
bathochromic effect (AA) (b) of the maxi-

50 87 mum of the ligand absorption band upon
9 7 addition of calf thymus DNA to a solution
S 401 7\ 61 % of each compound. Same experimental con-
g 7 — ditions as Fig. 2.
€ 30 £
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5 20 <
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lize significantly the DNA helix even though its UV spectrum was
significantly modified upon addition of CT-DNA. [socorydine (2)
had no stabilizing effect against thermal denaturation either for
poly(dA-dT), or CT-DNA. These observations clearly illustrate
that absorption measurements (at room or increasing tempera-
tures) give information about the presence of a ligand-DNA in-
teraction but do not allow us to specify their binding mode.

Two spectroscopic methods with polarized light were applied to
define the DNA binding process for the studied aporphines. The
ELD experiments provided direct information on the DNA inter-
calating properties of the tested compounds. For all 7 apor-
phines, the reduced dichroism AA/A was negative in the alkaloid
absorption band (300-312 nm) reflecting the orientation of the
chromophore perpendicular to the DNA helix axis (or electric
field direction). Fig. 5 shows the AA/A values measured for each
compound at a DNA-phosphate/drug (P/D) ratio of 20. For most
compounds, the reduced dichroism was close to that measured
with DNA alone at 280 nm (dashed line in Fig. 5). For four drug-
DNA complexes [the three alkaloids isolated from C. filiformis
(5-7) and bulbocapnine (1)], the AA/A values were lower than

181
161
mmma poly-(dA-dT),
41 |c—=cT-DNA
—~ 12
e )
~ 101
£
a 8
6_
" -
] .
NI U (I
1 2 3 4 5 6 7
Compound

Fig.4 Variation of the melting temperatures AT, (T,,draONA complex _
T, DNAglone in °CY of the complexes between DNA and the studied com-
pounds.

Compound

DNA

-0,5-

Fig.5 Variation of the reduced electric linear dichroism (4A/A) of the
complexes between calf thymus DNA and the tested alkaloids. AAJA
was measured in the alkaloid absorption band (300-312 nm) at 13.5
kV/cm and at a DNA-phosphate/drug ratio (P/D) of 20 in 1 mM sodium
cacodylate buffer, pH 6.5. The dashed line marks the AA/A value ob-
tained for DNA alone at 280 nm (-0.276).

the value obtained with DNA alone. This likely reflects a drug-in-
duced stiffening of the DNA target which increases the orienta-
tion of the polyanion molecules in the electric field.

All the CD spectra of the complexes between the aporphines and
CT-DNA revealed weak amplitude variations compared to the
spectra obtained with the molecule alone in the absorption
band of this latter one (data not shown). This behavior is expect-
ed and often observed with intercalating molecules [17].

From the experiments using circularly and linearly polarized
light, we concluded that the 7 aporphines are oriented parallel
to the DNA base pairs, as expected for an intercalative binding
mode. It was previously proposed that dicentrine could be an in-
tercalator due to its capacity to unwind DNA [6]. However, apor-
phine alkaloids such as dicentrine lack the structural characteris-
tics normally associated with conventional DNA intercalators
such as the presence of two or three fused aromatic rings. They
only have two aromatic rings separated by saturated rings mak-
ing them non-planar molecules. In addition, these two aromatic
rings are substituted with methylenedioxy and/or methoxy
groups which may hinder access of the molecule to the intercala-
tion sites. On the basis of molecular modeling studies, it was pro-
posed that dicentrine was an “adaptative” intercalator, which
undergoes a conformational change upon binding to DNA to
adopt a strained planar conformation [6]. It is possible that the
7 aporphines included in this study use a similar DNA-controlled
structural mechanism to intercalate between base pairs. How-
ever, even if all molecules intercalate into DNA, their affinity for
the polymer and their ability to stabilize the DNA duplex against
heat denaturation vary significantly from one aporphine fo an-
other.

Topoisomerase I and Il inhibition

To analyze in greater detail the mode of action of these mol-
ecules, we evaluated their effects on the catalytic activity of to-
poisomerases I and II using a relaxation assay with supercoiled
DNA.

Closed circular DNA was incubated with topoisomerase I in the
absence and in the presence of the 7 aporphines (Fig.6). The
lanes marked Topol show that supercoiled DNA was relaxed by
the enzyme in the absence of the alkaloids. The gel shown in
Fig. 6 indicates that the relaxation of DNA was already altered

compound

opoisomes

-
Sce—p

Fig.6 Effect of the studied aporphines on the relaxation of plasmid
DNA by topoisomerase [. Supercoiled pLAZ3 DNA (130 ng) (lane DNA)
was incubated with 4 units topoisomerase | in the absence (lane Topol)
or presence of a given aporphine at the indicated concentration (520
uM). Camptothecin (CPT) was used at 20 uM. Sc: supercoiled
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by the three alkaloids isolated from C. filiformis at a concentra-
tion of 5 M, as observed with the reference topoisomerase I poi-
son, camptothecin (CPT lane). No effect was observed with the
four other compounds. The inhibition could be either specific, re-
sulting from direct interference of the aporphine with the en-
zyme-DNA complex (stabilization of topoisomerase-DNA cleava-
ble complexes) or non-specific, resulting from the intercalation
of the drug into DNA, which can also prevent the relaxation of
the plasmid by the enzyme. The two types of inhibition can be
differentiated using gels containing, or not, ethidium bromide
during the electrophoresis. Ethidium-prestained gels (not
shown) indicated that none of the aporphines promoted DNA
cleavage by topoisomerase I. In other words, the alkaloids did
not stabilize topoisomerase I-DNA complexes, as typically ob-
served with topoisomerase 1 poisons such as camptothecin [18].
So we can conclude that actinodaphnine, dicentrine and cassy-
thine (5-7) exhibit a non-specific topoisomerase I inhibition,
most likely due to intercalation into DNA.

Similar experiments performed with human topoisomerase II
have revealed that none of the aporphines are poisons of this en-
zyme. In this case, topoisomerase II-mediated double stranded
DNA cleavage was detected in the presence of etoposide, the po-
sitive control, but not with the different alkaloids studied here
(data not shown). Altogether, the results are consistent with the
literature data indicating that dicentrine and bulbocapnine do
not stabilize DNA-topoisomerase Il complexes [6]. A weak inhibi-
tion of topoisomerase II has been reported with the planar oxo-
aporphine alkaloid liriodenine [7] but not with non-planar ana-
logues like those tested here. Similarly, it was reported that
dicentrinone, but not dicentrine, can inhibit specifically topo-
isomerase 1[19].-

The tested aporphines, which all behave as typical intercalating
agents, can be divided into two groups depending on the pres-
ence or the absence of a methylenedioxy substituent. It is known
that this substituent plays a role in modulating the biological ac-
tivities of aporphinoids {1]. The first group includes isocorydine
(2), boldine (3), and glaucine (4) which all three lack the methy-
lenedioxy group. They exhibit a weak interaction with DNA as in-
dicated by the absorption and melting temperature experiments.
They have no effect on the catalytic activity of topoisomerase I
and display no‘in vitro antitrypanosomal activity or cytotoxicity
(except for glaucine). The second group includes bulbocapnine
(1), actinodaphnine (5), dicentrine (6) and cassythine (7). These
four molecules, bearing a methylenedioxy group, exhibit a high-
er affinity for DNA. The three alkaloids of C. filiformis (5-7) effi-
ciently stabilize the DNA double helix against heat denaturation.
They are cytotoxic in vitro and inhibit non-specifically the topo-
isomerase | activity through DNA intercalation. They also display
a marked in vitro antitrypanosomal activity. Bulbocapnine (1),
however, did not possess any of these properties. To explain this
lack of effect, we may invoke the presence of a hydroxy group at
position R7 adjacent to a methylenedioxy group at R*-? which
may prevent the molecule from adopting a flat conformation ap-
parently necessary to stabilize DNA against thermal denatura-
tion and inhibit the topoisomerase ], as suggested by Woo et al.

[61.
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In conclusion, our study sheds light on the mechanism of action «
of the studied aporphine alkaloids. Their cytotoxicity is probably
independent of the interaction with DNA and topoisomerases;
other mechanisms must be involved, at least for glaucine (4)
which is the most cytotoxic compound in the present series.

In contrast, the antitrypanosomal activity of these aporphines
seems to be related to their ability to stabilize the DNA double
helix against heat denaturation and to inhibit the catalytic activ-
ity of topoisomerase 1. Trypanosomes, as well as other trypano-
somatids, are characterized by a prominent network of intercon-
nected circular DNA molecules present in a specialized region of
their single mitochondrion, called the kinetoplast. Treatment of
trypanosomatids with DNA intercalating drugs, such as acrifla-
vin and ethidium bromide has been shown to lead to the loss of
the kinetoplast DNA networks and the subsequent formation of
so-called dyskinetoplastic strains [20], [21]. Such strains are vi-
able in the case of Trypanosoma equiperdum and T. evansi, but
not in the case of the other African trypanosomes. Therefore,
such compounds, especially ethidium bromide, have been used
as successful drugs against cattle trypanosomiasis in large parts
of Africa. This loss of kinetoplast DNA networks could perhaps
éxplain the activity of the DNA intercalating aporphines isolated
from Cassytha filiformis on T. b. brucei.
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