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Abstract—By combining knowledge of polyamine biosynthesis and its inhibition by various analogues
with that on the activity of synthetic anthraquinones, a series of six anthraquinone derivatives were
synthesized. Their ability to inhibit the growth of leishmanial promastigotes in vitro was used as a
preliminary screen to check their potential as new antileishmanial chemotherapeutics. They were tested
against four strains, representing four different species; Leishmania tropica major, L. tropica minor,
L. aethiopica and L. donovani, associated with four separate disease syndromes. All six derivatives
exhibited a fair degree of antileishmanial activity, some being more effective than others. They all
inactivated cultures at 100 yg/ml and some did so at 10 ug/ml and even 1 ug/ml; but taking different
lengths of time to achieve this. Antileishmanial activity associated with anthraquinone derivatives might
provide a new approach to the chemotherapy of leishmaniasis.

Steck [1], in reviewing the chemotherapy of leish-
maniasis, states that it may be considered satisfactory
in uncomplicated cases receiving prompt treatment;
but stresses the considerable toxicity of the com-
pounds that have been and are being used, i.e.
antimonials, diamidines, berberine, amphotericin B,
emitine, paromomycin and other antibiotics. It is
clear that less toxic alternatives would be much pre-
ferred, and the search for new drugs must continue;
especially as many cases seen are complicated, as in
leishmaniasis recidivans [2], diffuse cutaneous leish-
maniasis [3] and mucocutaneous leishmaniasis [4],
and not easily cured with existing therapies.

Analysis of the molecular structure of various
known antiparasitic drugs reveals that many are
alkylamine derivatives of polycyclic compounds (Fig.
1). Others are acridine derivatives, e.g. quinacrine,
which has been used in the treatment of cutaneous
leishmaniasis, but was not very effective against
mucocutaneous leishmaniasis {1].

Some anthraquinone derivatives have been syn-
thesized and had their biological activity examined.
Double and Brown [5] synthesized 2-amino-5-di-
ethylaminopentane derivatives of anthraquinone and
described their interaction with DNA. Amidine
derivatives of anthraquinones have also been syn-
thesized and their activity against Entamoeba his-
tolytica demonstrated [6]. These, unlike metro-
nidazole, are not mutagenic. More recently, bis
(substituted amino-alkylamino) anthraquinones
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Fig. 1. The structure of polyamines and some antileish-
manial drugs.
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have been synthesized [7, 8], at least one of which
possessed antineoplastic activity against a leukemia
and a melanoma system.

We have shown that leishmanial parasites produce
polyamines, the levels of which fluctuate during the
growth of both promastigotes [9, 10] and amastigotes
[11). Similar results were also reported by Morrow
et al. [12]. Some antileishmanial compounds are
polyamine analogues and act by competing with
polyamines and impairing normal nuclear activity of
the parasites [9, 11]. A similar analogy has also been
reported for drugs which affect the growth of
Trypanosoma brucei [13, 14].

In this study, we combined knowledge on poly-
amine biosynthesis and its inhibition by various
analogues with that on the activity of synthetic
anthraquinones, by synthesizing a series of anthra-
quinone derivatives and testing their ability to inhibit
the growth of leishmanial promastigotes of various
species, as a preliminary screen in the search for new
antileishmanial chemotherapeutics.

MATERIALS AND METHODS

Anthraquinone derivatives. Six derivatives were
tested: (I) 1-(2-aminoethylamino)-anthraquinone -
HCI; (II) 1-(3-aminopropylanino)-anthraquinone -
HCI; (III) 1-(4-aminobutylamino)-8-chloroanthra-
quinone-HCl;  (IV)  1,8-(di-3-aminopropyldi-
amino)-anthraquinone-2 HCl; (V)  2-(2-amino-
ethylamino)-anthraquinone-HCl and (VI) 2-(3-
aminopropylamino)-anthraquinone - HCI.

Their synthesis and general characteristics are
described elsewhere [15, 16]. For use in experiments,
these compounds were dissolved in sterile water,
compound (III) being somewhat less soluble than
the others. The anthraquinone solutions were
adjusted to pH 6-7, using 1 M HCI and sterilized
through millipore filters (pore size 0.45 ym).

Leishmanial parasites and their cultivation. The
four leishmanial strains, representing four different
Old World species associated with four separate
disease syndromes, were obtained from the culture
collection of the World Health Organization’s
International Reference Center for Leishmaniasis
(WHO-LRC), housed in the Department of Medical
Protozoology, the Hebrew University-Hadassah
Medical School, Jerusalem. They are Leishmania
tropica major LRC-L137 (oriental sore), L. tropica
minor LRC-L32 (oriental sore and leishmaniasis
recidivans), L. aethiopica LRC-L147 (oriental sore
and diffuse cutaneous leishmaniasis) and L. dono-
vani LRC-L133 (kala-azar). Their origins and intrin-
sic taxonomic characters have been described, as has
their method of maintenance and culture 9, 10].

To test the effect of the anthraquinone derivatives
on leishmanial growth, the compounds were added
to fresh cultures of promastigotes grown in a
Panmede (Paines and Byrne Ltd., Greenford,
Middlesex) based medium containing 5% normal
rabbit serum [9]. Such cultures, containing
10° promastigotes/ml at zero time, were permitted
to undergo normal growth for 24 hr, were counted
and soon after drugged, by adding the derivatives
to give final concentrations of 100 and 10 ug/ml in
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Fig. 2. The effect of different concentrations of 1,8-(di-3-
aminopropyl-diamino)-anthraquinone - 2HC!  (compound
IV) on the growth of the cultured promastigotes of L.
tropica minor LRC-L32, L. tropica major LRC-L137, L.
aethiopica  LRC-L147 and L. donovani LRC-L133;
O---O normal control, V.—-—- YV lug/ml, A-- A
10 pug/ml, O~-~0 100 pug/ml. Arrow indicates the time of
drug addition,

all cases and 1 pg/ml in some cases. Daily number
counts of living promastigotes were made using a
hematocytometer. Experiments were done at least
twice and each sample was counted in triplicates.
Amastigotes were grown from promastigotes in cul-
tured C;H mouse macrophages as described [11].

RESULTS

Figure 2 shows that compound (IV), (1,8-(di-3
aminopropyldiamino)-anthraquinone - 2HCl)  was
active against the promastigotes of all four strains,
and 100 yg/ml inhibited the growth of the promas-
tigotes and killed them in all cases. In the case of
the L. tropica major strain LRC-L.137, 10 ug/ml also
caused total inhibition of growth and killing, and
1 ug/ml shortened the life span of promastigotes,
although what seemed like normal growth occurred
for almost 48hr after administering the drug.
Untreated cultures survived for much longer. A sim-
ilar, but lesser effect was seen in the case of the L.
tropica minor strain LRC-L32 and the L. donavani
strain LRC-L133, where 10 ug/ml permitted some
initial growth and where total killing of cultures took
longer, in the case of the L. tropica minor strain.
The least effect seen with this compound was on the
L. aethiopica strain LRC-1.147, where concentra-
tions of 1 ug and 10 ug/ml had not killed cultures
within the experimental period, but growth was
suppressed.

The other anthraquinone derivatives also affected
the growth of Leishmania tropica major LRC-L137.
Table 1 shows that compound (II) was most active
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and 10 ug/ml inactivated 90% of the promastigotes
within 48 hr.

A similar inactivation (89%) was also observed
when L. tropica major LRC-L137 was treated with
compound (VI). This anthraquinone derivative is an
isomer of compound (II), both have an aminopro-
pylamino side chain which is substituted either at
position 1 or position 2 of the anthraquinone mol-
ecule. It appears that a three-carbon diamine deriva-
tive is more active than the two- or four-carbon
diamine analogues. These exhibited a lower anti-
leishmanial activity (Table 1).

Substitution of two diaminoalkyl chains at pos-
itions 1 and 8 (compound (IV)) did not increase the
antileishmanial activity.

It is also evident that chlorine at position 8 (III)
hardly affected the antileishmanial activity. L. don-
ovani LRC-L133 was slightly more sensitive to com-
pounds (V) and (IV) and a total inactivation of the
promastigotes was achieved by 10 ug (results not
shown).

The fact that some of the anthraquinone deriva-
tives inactivate promastigotes at a concentration of
10 pg/ml, is certainly interesting. The use of these
compounds as possible antileishmanial drugs
depends on their selective toxicity and their ability
to kill the intracellular parasite, the amastigote, with-
out affecting the host. When compound (II) was
added to cultured glioma C¢BUI cellsin tissue culture
90.8% of the cells tolerated a dose of 25 pg/ml.
Cultured chick embryo fibroblasts also tolerated
compound (IT) and exposing the culture for 48 hr to
12.5 ug/ml only caused the death of 11% of the cells.
Chick embryo fibroblasts transformed by Rous sar-
coma virus showed a similar resistance to the drug.
The effect of compound (IV) was also tested on the
development of embryonated eggs. A normal devel-
opment of the embryo was observed when 100 ug
were injected into the allantoic fluid of a 10-day old
embryonated egg.

Compound (II) was toxic for cultured C;H mouse
macrophages at 100 ug/ml. This drug at lower con-
centrations had no deleterious effect on the cultured
cells. Intracellular Leishmania tropica major LRC-
1137 amastigotes were affected by 10 ug/ml of com-
pound (II) and their number declined by 70% within
one day. A similar reduction in the number of viable
intracellular amastigotes was observed when 5 ug/ml
of compound (I) was added to the cultured macro-
phages. This dose of compound (I} was not toxic for
the host.

DISCUSSION

The results recorded here show that the six anthra-
quinone derivatives synthesized and studied exhibit
a fair degree of antileishmanial activity against the
culture promastigotes of the four leishmanial species
used. Preliminary studies also demonstrated that at
least two compounds (Nos. I and II) caused a sig-
nificant reduction in the number of viable intracellu-
lar amastigotes without affecting the host.

Of the six anthraquinone derivatives, compounds
(I1), (V) and (VI) were the most effective. It should
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be noted that diaminoalkyl derivatives substituted
at position 2 of the anthraquinone molecule were
more active than the 1-diaminoalkyl derivatives
(Table 1).

Concerning the mode of action of these com-
pounds, one can only speculate. On the one hand,
they have a cyclic structure of the type shared by
acridine derivatives, some of which are said to be
active against certain types of leishmanial organism,
€.g. quinacrine [1]. On the other hand, they carry
alkylamino side-chains, e.g. compound (III) has a
diamino side-chain that is identical to putrescine and
compounds (I), (II) and (IV) contain aminopropyl
side-chains like the polyamines spermidine and
spermine (Fig. 1). Thus, these anthraquinone deriva-
tives might act through their cyclic structure, or their
polyamine side-chains, or both. We have recently
observed (unpublished data) that the antiviral
activity of compound (II) can be reduced significantly
by adding either putrescine or spermidine to a sus-
pension of T coliphages. The anthraquinone deriva-
tives, possibly act as polyamine analogues, compet-
ing with naturally occurring polyamines as
intercalators between the DNA double helix, block-
ing and disrupting normal nuclear function and, thus,
the growth and multiplication of the leishmanial
organisms. Either way, these anthraquinone deriva-
tives might, with further study, provide a new
approach to the chemotherapy of leishmaniasis.

Acknowledgements—This study was supported by grants
by the U.S. Army (grant no. DMD 17-81-G-9484) and the
Israel Ministry of Health.

REFERENCES

. E. A. Steck, Progress Res. 18, 289 (1974).

H. A. Cohen and A. Wahaba, Acta Dermato-Vener-

eologica 59, 549 (1979).

3. A. D. M. Bryceson, Trans R. Soc. trop. Med. Hyg. 64,
369 (1970).

4. D. S. Ridley, P. D. Marsden, C. C. Cuba and A. C.
Barreto, Trans. R. Soc. trop. Med. Hyg. 74, 508 (1980).

5.J. C. Double and J. R. Brown, J. Pharm. Pharmac.
27, 502 (1975).

6. P. F. Fabio, T. L. Fields, Y-i. Lin, E. J. Burden, S.
Carvajal, K. C. Murdock and S. A. Lang, Jr., J. med.
Chem. 21, 273 (1978).

7. R.K. Y. Zee-Cheng and C. C. Cheng, J. med. Chem.
21, 291 (1978).

8. R. K. Y. Zee-Cheng, E. G. Podnebarec, C. S. Menon,
and C. C. Cheng, J. med. Chem. 22, 501 (1979).

9. U. Bachrach, S. Brem, S. B. Wertman, L. F. Schnur
and C. L. Greenblatt, Exp! Parasitol. 48, 457 (1979).

10. L. F. Schnur, U. Bachrach, C. L. Greenblatt and M.
Ben Joseph, FEBS Lett. 106, 202 (1979).

11. U. Bachrach, L. Abu-Elheiga, M. Talmi, L. F. Schnur,
J. El-On and C. L. Greenblatt, Med. Biol. 59, 441
(1981).

12. C. D. Morrow, B. Florey and S. M. Krassner, Comp.
Biochem. Physiol. 66B, 307 (1980).

13. C. J. Bacchi, J. Protozool. 28, 20 (1981).

14. C. J. Bacchi, H. C. Nathan, S. H. Hunter, D. S. Duch
and C. A. Nichol, Biochem. Pharmac. 30, 883 (1981).

15. H. Milan, M.Sc. thesis, Hebrew University, Jerusalem
(1980).

16. G. Bar-Ad, M.Sc. thesis, Hebrew University, Jerusa-

lem (1981).

[N



