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During the course of our screening program
to discover new antiprotozoal (antimalarial
and antitrypanosomal) chemicals, we have
evaluated isolates from soil microorganisms,
as well as compounds from the antibiotic
libraries of the Kitasato Institute for Life
Sciences and Nimura Genetic Solutions. We
have previously reported various microbial
metabolites exhibiting potent antimalarial1–4

and antitrypanosomal properties.5–7 We have
recently found that the known 20-membered
ring macrodiolide antibiotics, the bispolides,8

together with new derivatives, exhibit selec-
tive antitrypanosomal and potent antimalar-
ial activities, both in vitro and in vivo. Here,
we report the antitrypanosomal and antima-
larial profiles of bispolides, their derivatives
(Figure 1) and the related 16-membered ring
macrodiolide antibiotic as elaiophylin (azalo-
mycin B)9,10 (Figure 1) in comparison with
those of clinically used antitrypanosomal
drugs, such as suramin and eflornithine, and
two clinically used antimalarial drugs, artemi-
sinin and chloroquine. We also present some
conclusions on structure–activity relationships.

Bispolides A1, A3, B1 and B3 were purified
from the culture broth of Microbispora sp.
A34030.8 Derivatives of bispolide A1 (deriva-
tives I and II) were prepared as follows. The
13,13¢-dimethoxy compound, bispolide A3,
prepared from bispolide A1 by reaction with
0.04%-HCl in MeOH, was reduced by
NaBH3CN in EtOH to give the 13,13¢-
dideoxy compound (derivative I (ESI-MS
m/z 1123.69114; 12C62

1H100
23Na1

16O16)). Par-
tial hydrolysis of derivative I in the presence
of p-toluenesulfonic acid in aqueous acetoni-
trile gave derivative II (FAB-MS m/z 841
(M+)). Elaiophylin was obtained from the
antibiotic library of the Kitasato Institute
for Life Sciences.
In vitro antiprotozoal activities against

Trypanosoma brucei brucei strain GUTat 3.1,
Plasmodium falciparum strains K1 (drug-
resistant) and FCR3 (drug-sensitive), and

cytotoxicity against human diploid embryo-
nic cell line MRC-5 were measured as
described previously.1,5 In vivo antitrypano-
somal activity for T. b. brucei strain S427 was
measured as described previously.6 Test com-
pounds were solubilized in an aqueous mix-
ture of 10% DMSO-Tween 80 and EtOH
(7:3) and administered i.p. to mice on the
next day (day 1) following infection with
parasites (day 0). Subsequently, the com-
pounds were successively administered (i.p.)
to the infected mice once a day for 3 days
(days 2–4). Efficacies of compounds were
determined by the parasitemia levels and
the mean of survival days (MSD), compared
with that of the untreated control mice.

Table 1 shows the in vitro antiprotozoal
activities of bispolides, their derivatives, elaio-
phylin and some standard antiprotozoal
drugs. Bispolides, derivative I (13,13¢-dideox-
ybispolide A1) and elaiophylin showed the
more potent antimalarial activity against the
drug-resistant K1 strain of P. falciparum, in
the 260–620 ng ml�1 range. The half-maximal
inhibitory concentration (IC50) values against
the drug-sensitive FCR3 strain of P. falci-
parum were similar to those against the K1
strain of P. falciparum (data not shown). The
antimalarial activity was similar to that of
chloroquine, but 43–103-fold less than that of
artemisinin. However, the antimalarial activ-
ity of derivative II was 14-fold less than that
of bispolide A3.

With respect to antitrypanosomal activity,
bispolides and derivative I showed the most
potency against the GUTat 3.1 strain of T. b.
brucei, in the 57–150 ng ml�1 range. The
antitrypanosomal activities were 10–40-fold
more potent than that of the standard drugs,
suramin and eflornithine. However, the anti-
trypanosomal activities of derivative II and
elaiophylin were 3–6-fold less than that of
bispolide A3.

The in vitro cytotoxicities of bispolides,
their derivatives, elaiophylin and some stan-

dard antiprotozoal drugs are presented in
Table 1. Among them, the IC50 values of
bispolide B1 and elaiophylin were 0.96 and
0.87mg ml�1, respectively. The IC50 values of
bispolide A1, A3 and B3, and derivative I
were in the range of 1.4–3.9mg ml�1, whereas
that of derivative II was 15.6mg ml�1. To
compare the antiprotozoal activities and
cytotoxicities, we introduced selectivity
indexes (SIs: cytotoxicity (IC50 for the
MRC-5 cells)/antimalarial or antitrypanoso-
mal activity (IC50 for the K1 strain or the
GUTat 3.1 strain), as presented in Table 1. In
the case of the MRC-5 cells/K1 strain, bispo-
lide A1 showed a medium SI, with a ratio of
15. Other bispolides and elaiophylin showed
a low SI, with ratios of 2–9. In the case of the
MRC-5 cells/GUTat 3.1 strain, bispolides A1
and B3 showed a moderate SI, with ratios of
57–62. Other bispolides and elaiophylin
showed a medium or low SI (ratios of 2–26).
Among the bispolides, we were interested in
bispolides A3 and B3, which had an SI of 26
and 62, respectively. Among the tested bispo-
lides, B3 showed the more potent antitrypa-
nosomal activity and highest SI, whereas
bispolide A3 exhibited potent antitrypanoso-
mal activity but with medium SI.

The preliminary in vivo antitrypanosomal
activities of bispolides A3 and B3 were mea-
sured in the T. b. brucei S-427 acute mouse
model. At a dose of 25 mg kg�1, bispolide B3
did not achieve cure but did extend the MSD
to 9.5 days, representing a 1.4-fold increase
over control MSD (7.0 days). The same dose
of bispolide A3 did not achieve cure but also
extended the MSD. Under the same condi-
tions, suramin showed a curative effect
(MSD: 430 days) at a dose of 1 mg kg�1.
The bispolide B3 data suggest that it is
possibly a new candidate compound for dis-
covering new antitrypanosomal drugs with
more potent activity. These efficacy tests,
including in vivo antimalarial activity, are
being investigated further.
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The weak antiprotozoal activities of deri-
vative II in comparison with bispolide A3
(the parent compound) and derivative I pro-
vide very interesting information on the
structure–activity relationships. In contrast
to bispolide A3 and derivative I, which pos-
sess hexose moieties at 15-OH and 15¢-OH of
the aglycone macrodiolide, derivative II lacks
the hexose moieties and is 5.8–14.3-fold less
active for antiprotozoa than bispolide A3 and
derivative I. Furthermore, bispolides A1, A3
and B3, together with derivative I, possess
two conjugated trienes in the 20-membered
ring. Elaiophylin possesses two conjugated
dienes in the 16-membered ring and has
3–8-fold less antitrypanosomal activity and
1.6–4.5-fold less potent cytotoxicity than
bispolides A1, A3, B3 and derivative I. Our
data therefore suggest that the hexose
moieties at 15-OH and 15¢-OH and the
two conjugated trienes in the 20-membered
ring present in bispolides have a significant
antiprotozoal activity and cytotoxicity.

Further studies are necessary for an exten-
sive structure–in vitro antiprotozoal activity
evaluation of bispolide-related compounds.

We previously reported that bispolides
have inhibitory activity against Gram-positive
bacteria, including MRSA.8 Related 16-mem-
bered ring macrodiolide antibiotics, such as
elaiophylin and its asymmetric deglycosida-
tion products, have been reported to show
both antibacterial and nematocidal traits.10

However, discovery of the selective antitrypa-
nosomal activity and the potent antimalarial
activity of bispolides is novel and our data
constitute the first report of such properties.

The above results reveal that bispolides are
promising lead compounds for development
of novel antiprotozoal (antitrypanosomal
and antimalarial) drugs. Further study of

the antiprotozoal and other biological activ-
ities of bispolides is in progress.
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Figure 1 Structures of bispolides and elaiophylin.

Table 1 In vitro antiprotozoal activity against Plasmodium falciparum K1a and Trypanosoma

brucei brucei GUTat 3.1 strains, plus cytotoxicity in MRC-5 cells, of bispolides and their

derivatives

IC50 (ngml�1)

Antiprotozoal activity
Cytotoxicity

Selectivity index (SI)

Compound P. f. K1 T. b. b. GUTat 3.1 MRC-5 MRC-5/K1 MRC-5/GUTat 3.1

Bispolide A1 260 67 3820 15 57

Bispolide A3 480 150 3910 8 26

Bispolide B1 390 57 960 3 17

Bispolide B3 450 63 3910 9 62

Derivative I 620 120 1390 2 11

Derivative II 6850 870 15 630 2 18

Elaiophylin 370 460 870 2 2

Artemisinin 6 ND 45 170 7528 —

Chloroquine 184 ND 18 572 101 —

Suramin ND 1580 4100 000 — 463

Eflornithine ND 2270 4100 000 — 444

Abbreviations: IC50, half-maximal inhibitory concentration; ND, not determined.
aDrug-resistant strain.
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