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ANTIMALARIAL COMPOSITIONS AND METHODS

Technical Field
The present invention relates to improved
compositions and methods for treating malaria. The
5 invention specifically relates to compositions and

methods for treating malaria caused by malarial

parasites which are resistant to conventional

antimalarial agents.

Background Art

10 Many conventional antimalarial agents are known
for treating malaria in mammals. For example, U. S.
patents Nos. 3,082,154 to Allan, 3,574,833 to Arnold et
al, 3,663,693 to Slighter el al and 4,284,627 to
Raether et al disclose known antimalarial agents and

{5 compositions. Known antimalarial agents include
mefloquine (a 4-quinolinemethanol), chloroquine and
quinine. llowever, the widespréad eradication of

malaria with conventional antimalarial agents such as
chloroquine and the other recited agents does not
appear possible owing to the emergence of malarial
parasites which are resistant to conventional
antimalarial agents. For example, chloroquine
resistant Plasmodium falciparum, which first appeared
in Columbia and Thailand in 1968, is tap}dly spreading.
25 In fact, by 1984, chloroquine resistant P. falciparum
had rapidly spread to at least 15 countries in Eastern
Asia and Oceania, 18 countries in South America and 15
countries in Africa south of the Sahara. While
mefloquine first appeared to be effective for treating
30 resistant malarial parasites such as the chlotogquine
resistant P, falciparum, treatment failures with
meflogquine have been reported. Isolates of P.
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falciparum from Thailand have been shown in vitro to be
resistant to mefloquine, chloroquine and quinine. 1In
fact, isolates of P. falciparum have demonstrated
resistance to antimalarial drugs to which the parasite
is not known to héve been previously exposed. Similar

patterns of cross resistance and multiple drug
resistance have been observed during laboratory
induction of drug resistance in cloned strains of p.
falciparum. Accordingly, a need exists to provide

compositions and methods for effectively treating
malarial parasites, and particularly for treating
malarial parasites which exhibit resistance to one or
more conventional antimalarial agents. , ,
Multiple drug resistance patterns have also been
encountered in cancer chemotherapy treatments.
Neoplastic cells have become resistant not only to the
drug used in the chemotherapy treatment but also to
other unrelated drugs. The basis for this resistance
in neoplastic cells has been actively studied in the
last decade, and recent studies suggest that enhanced
active efflux prevents the drug to which the cell is
resistant from reaching toxic levels within the cell
cytosol.- Additionally, it has recently been determined
that various chemical compounds have the effect of
inhibiting enhanced active efflux so that the drug can .
accumulate in the cell whereby drug resistance is
reversed and the resistant cell becomes sensitive
again. Among the chemical compounds which have the
effect of inhibiting the active efflux of chemotherapy
drugs from cancer cells are calcium channel'blockers.

Disclosure of Invention

It has now been discovered that the chemical
compounds which have been determined to be effective in
reversing the drug resistance of cancer cells to

PCT/US87/02987
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chemotherapy dfugs are also effective in reversing the
resistance of malarial parasites to antimalarial drugs.

It is thefefore an object of the present invention
to provide an antimalarial composition for combating
malarial parasites. It is an additional object of the
invention to provide an antimalarial composition for
combating malarial parasites which are resistant to
treatment with conventional antimalarial agents., It is
an additional object of the invention to provide an
antimalarial composition for treating malaria in
mammals and, particularly, to provide an antimalarial
composition for treating malaria in mammals caused by
malarial parasites which are resistant to conventional
antimalarial agents. Further objects according to the
present invention comprise providing methods for
treating malaria in mammals and methods for reducing
the resistance of malarial parasites to conventional
antimalarial agents.

The aforeméntioned objects and advantages are
provided according to the present invention by an’
antimalarial composition containing as the active
ingredient a mixture of a chemical compound which has
been determined as being effective in reducing drug
resistance in cancer cells and at least one
conventional antimalarial agent, The composition
preferably comprises a chemical compound such as a
calcium channel blocker which has been determined to be
effective in reversing drug resistance in cancer cells
and at least one antimalarial agent. The antimalarial
agent comprises a conventional antimalarial agent and,
preferably, may comprise chloroquine, mefloquine,
quinine, their therapeutically acceptable salts or
mixtures thereof. The combination of a chemical
compound shown to be effective in teducing or reversing
drug resistance in cancer cells with the antimalarial
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agent reverses and reduces the resistance of malarlal
parasites to the ant;malarlal agent.

Further objects of the invention are provided by
the method according to the ptesent'invention for
treating malaria in mammals. The method comprises
administering to thelnamﬁal infected with'malaria an
antimalarially effective amount of a composition
containing as the active ingredient a mixture of a

- chemical compound shown to be effective in reducing or
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reversing drug resistance in cancer cells and at least
one antimalarial agent. The present invention also
telates to a method for reducing the resistance of a
malarial parasite to an antimalarial agent by
administering to a mammal infected with the malarial
parasite the compoéition'according to the preSenE
invention contalnlng as the active ingredient a mlxture
of a chemical compound 'shown to be effectlve in
reduc1ng or reversing drug tesxstance in cancer cells
and the antimalarial agent. ,

These and additional objects and advantages of the
present invention will become more apparent from the
following detailed description.

Brief Description of Drawings

The following detailed description will be more
fully understood in view of the accompanying drawings
in which: )

Fig. 1 comprises an isobologram setting forth
concentration response data generated from verapamil
and chloroquine used in constant ratios of their ICsg's

30 as set Eorth in Example 1;

Fig. 2 is ‘a2 graphical representation of
concentration response data for a chloroquine resistant
clone using chloroquine alone and chloroquine in the
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presence of constant sub-inhibitory concentrations of

verapamil as set forth in Example 2; and
Fig. 3 is a graphical representation of

concentration response data for a chloroguine sensitive
clone using chloroquine alone and chloroquine in the
presence of constant sub-inhibitory concentrations of

verapamil as set forth in Example 2.

Best Mode for Carrying Out the Invention

The antimalarial compositions according to the
present invention contain as the active ingredient a
mixture of a chemical compound known to be effective in
reducing or reversing drug resistance in cancer cells
and at least one antimalarial agent. Hereinafter, the
chemical compounds known to be effective in reducing or
reversing drug resistance in cancer cells will be
referred to as the. "reversing compounds”. The
combination of the reversing compound and the
antimalarial agent reverses and reduces the resistance
of a malarial parasite to the antimalarial agent.
Thus, the compositions according to the present
invention are particularly effective for treating
malaria in mammals caused by malarial parasites which
are resistant to conventional antimalarial agents.

The reversing compounds useful in the compositions
and methods of the present invention are those which
have been determined to be effective in reducing or
reversing the resistance of cancer cells ¢to
chemotherapy drugs. A preferred group of reversing
compounds comprises calcium channel blockers.

Verapamil 1is one calcium channel blocker
particularly adapted for use in the composition of the-
present invention. Nifedipine is another calcium
channel blocker preferred for use in the composition of
the present invention. Other known calcium channel
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blockers may also be included as well as mixtures
thereof. ' '

Antimalarial agents which are useful in
combination with the reversing compound according to
the present invention include conventional antimalarial
agents known in the art. Conventional antimalarial
agents which are known in the art include chloroquine,.
quinine, mefloquine, primaquine, pyrimethamine,
cycloguanil, trimethdp:im, sulfadoxine, dapsone, their
therapeutically acceptable salts, or mixtures thereof.
Preferred antimalarial agygents Cfor use Vinr the
compositions according to -the present invention include
chloroquine, mefloquine, quinine, their therapeutically
acceptable salts and mixtures thereof., A particularly
preferred antimalarial agent comprises chloroquine.
Suitable therapeutically acceptable salts are also well
known in the art, such as chloroquine diphosphate and
chlorogquine disulfate. '

The ratios of reversing compound and the
antimalarial agent which are included in the
composition according to the present invention may be
easily determined by one of ordinary skill in the art
depending on the patiicular,mala:ial parasite which is
to be treated and the particular body which is infected
therewith. Generally, the antimalarial composition
will include the reversing compound and the
antimalarial agent in a molar ratio of from about 18:1
to about 14,000:1. '

The antimalarial composition may be administered
orally or parenterally. For oral administration,
tablets, capsules, powders or granules which contain as
the active ingredient the mixture of the reversing
compound and at least one antimalarial agent may be
used together with the usual excipients and adjuvants
such as starch, cellulose powder, talcum, magnesium
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stearate, sugar, gelatine, calcium carbonate, finely
divided sicilic acid, carboxymethyl cellulose or
similar substances. For parenteral administration,
various sterile suspensions may be used, such as oily
5 suspensions prepared from fatty oils such as olive oil,
sesame oil, peanut oil, castor oil or a synthetic
trigylceride,'or agqueous suspensions prepared from
ethoxylated sorbitane fatty acid esters, polyethylene
glycol or carbhoxymethyl cellulose. These preparations
10 and suspensions for administering the antimalarial
compositions according to the present invention are

well known in the art.
The method for treating malaria in mammals

~according to the present invention comprises

15 administering to a mammal infected with malaria an

antimalarially effective amount of the compositions

according to the present invention which contain as the

active ingredient a mixtﬁre of the reversing compound

and at least one antimalarial agent. The antimalarial

20 composition reduces the resistance of the malarial

parasite to the antimalarial agent and allows the
antimalarial agent to combat the parasite.

The fodllowing examples demonstrate the

effectiveness of the compositions and methods according

25 to the present invention. Throughout the examples,

incorporation of radiolabelled hypoxanthine was used to

measure asynchronous growth of the malarial parasites

and inhibition of incorporation was the measured

parameter of the parasites' response to the drugs.

30 semi-automated microdilution techniques as disclosed by

R. E. Desjardins et al, Antimicrob. Agents Chemother,

16, 716 (1979) were used to determine the in vitro

susceptibilities of a chloroquine-sensitive West

African clone (D-6) and two chloroquine-resistant
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‘clones, one from Indochina (W-2) and one from Brazil

(IEC 30@6).

Example 1

First, the antimalarial properties of verapamil (a
calcium channel blocker “reversing compound") in vitro
were studied. Although 1,844 fold less potent than
chloroquine or mefloquine, verapamil demonstrated an
inhibitory concentration (ICgy) of 6-8 micrograms/ml
which is similar to that of tetracycline. The action
of a mixture of verapamil and chloroquine against the
chloroquine sensitive West African clone and the

chloroquine resistant clones from Indochina and Brazil

was then assessed. Fifty percent inhibito:y‘

concentrations were calculated from concentration
response data which was generated for each verapamil
and chloroquine alone and in combination generally in
accordance with the seﬁi-automated microdilution
technique of Desjardins et al, supfa. rThe d:ug
combinations were dosed in fixed ratios of their 58%
inhibitory concentrations. Two fold dilutions were
made of a starting concentration containing 50 oM
chloroquine (CQ) and 58 uM verapamil (VER), 25 nM CQ +
75 uM VER; and 75 uM CQ + 25 uM VER. The results are
set forth in Table 1.

-
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The control ICgyg of each of verapamil and
chloroguine was normalized to one unit of ICgy and
plotted on the ordinate and abscissa, respectively, of
the isobologyram set forth in Fig. 1. The Icsg's of

5 each druy in combination set forth in Table 1 were then
calculated as a fraction of the control ICgg and
plotted as a fraction of one unit of ICgg in Fig. 1.
Thus, the isobologram of Fig. 1 gtaphically depicts
whether the ICgg of one drug (chloroquine) is reduced,

10 unchanged or increased in the presence of the second
druy (verapamil), The line connecting each unit of
ICgg for each clone represents the additivity of drug
effects. Accordingly, the inward bowing of the cutrves
representing the clones from Indochina and Brazil shows

15 that the combination of the reversing compound

~verapamil and chloroquine produced a synergistic
effect against the chlorogquine resistant malarial
parasite clones. That is, a mixture of the reversing
compound verapamil and chloroquine provided

20 Siguificantly improved treatment effects against the
malarial parasite clones as compared with either
compound alone.

Example 2
This example assesses the interaction of the

25 reversing compound verapamil and chloroquine by
generating concéentration response data. The
concentration response data was generated for the
chloroquine sensitive West African clone and the
chloroquine resistant clones from Indochina and Brazil

30 using (1) chloroquine alone, and (2) chloroquine in the
presence of constant sub-inhibitory concentrations of

the reversing compound verapamil. Specifically,
chloroquine was combined with sub-inhibitory
concentrations of the reversing compound verapamil
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equal to 1 x 1676M and 2 x 16-5M which alone showed no
significant effects on malarial parasite growth or
hypoxanthine uptake in vitro. The generated
concenkration response data is set forth in Table 2.

5 Table 2
EFFECT OF VERAPAMIL ON CHLOROQUINE SENSITIVITY
OF
P. FALCIPARUM CLONES

(Ian + ISD)
10 CHLOROQUINE CHLOROQUINE CHLOROQUINE
+ +
1x10~54 VER 2x10~6M VER

CLONE ALONE
W. Africa D-6 8.6 £ 0.3 7.8 £ 0.6 8.8 £ 0.3

CQ Sensitive

15 CQ Resistant

Fig. 2 graphically sets forth the response data
derived with respect to the chloroquine resistant clone
from Indochina while Fig. 3 graphically sets forth the
response data derived with respect to the chloroguine-

20 sensitive West African clone. As set forth in Figs. 2
and 3, in the presence of a constant concentration of
the reversing compound verapamil, the chloroquine-
resistant clone was as sensitive to the chloroquine
treatment as the chloroquine-sensitive West African

25 clone.

Thus, the combination of a reversing compound as
defined above with an antimalarial agent such as
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chloroquine reduces and reverses the resistance of a
malarial parasite to the antimalarial agent. Thus, the
antimalarial composition according to the present
invention provides improvements for treating malaria
caused by malarial parasites and particularly provides

wur

improvements for treating malaria caused by malarial

parasites which are resistant to conventional
antimalarial agents. e . 7

The preceding examples are set forth to illustrate

10 specific embodiments of the invention and are not

intended to limit the scope of the compositions and

methods of the present invention. Additional

embodiments and advantages within the scope of the

. claimed invention will be apparent to one of ordinary

15 skill in the act. '
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Claims

1. An antimalarial composition containing as the
active ingredient a mixture of a chemical compound
effective in reversing the resistance of cancer cells

to chemotherapy drugs and at least one antimalarial

agent,

2., An antimalarial composition containing as the
active ingredient a mixture of a calcium channel

blocker and at least one antimalarial agent.

3. An antimalarial composition as defined by
claim 2, wherein the antimalarial agent is selected
Ecom the group consisting of chloroquine, mefloquine,
quinine, their therapeutically acceptable salts and

mixtures thereof.

4. An antimalarial composition as defined by
claim 3, wherein the antimalarial agent is selected
ftom the group consisting of chloroquine and its
therapeu‘tica lly acceptable salts.

5. An antimalarial composition as defined by
claim 2, wherein the calcium channel blocker is
selected from the group consisting of verapamil,
nifedipine, and mixtures thereof.

6. An antimalarial composition as defined by
claim 2, wherein the calcium channel blocker and the
antimalarial agent are included in a molar ratio of

Erom about 1@:1 to about 10,000:1.
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7. An antimalarial composition containing as the
active ingredient a mixture of verapamil- and

chloroquine.

8. An antimalarial composition as defined by
claim 7, wherein the verapamil and chloroquine are
included in a molar ratio of from about 16:1 to about
l16,000:1.

9. A method for treating malaria in mammals
comprising administering to a mammal infected with
malaria an antimalarially effective amount of a
composition containing as the active ingredient a

5 mixture of a chemical compound effective in rEVQZSLHQ
the resistance of cancer cells to chemotherapy drugs

and at least one antimalarial agent.

16. A method for treating malaria in maﬁmals
comprising administering to a mammal infected with
malaria an antimalarially effective amount of a
composition containing as the active ingredient a

5 mixture of a calcium channel blocker and at least one
antimalarial agent. |

ll. A method for treating malaria in mammals as
defined in claim 108, wherein the antimalarial agent is
selected from the group consisting of chloroquine,
mefloquine, quinine, their therapeutxcally acceptable

5 salts and mixtures thereof.

12. A method for treating malaria in mammals as
defined in claim 16, wherein the composition contains
as the active ingredient a mixture of verapamil and
chloroquine. '
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13. A method for treating malaria in mammals as
defined in claim 10, wherein the calcium channel
blocker is selected from the group consisting of
verapamil, nifedipine and mixtures thereof.

14. A method for reducing the resistance of a
malarial parasite to an antimalarial agent, comprising
administering to a mammal infected with the malarial
parasite a composition containing as the active
ingredient a mixture of a chemical compound effective
in reversing the resistance of cancer cells to

chemotherapy drugs and the antimalarial agent.

15. A method for reducing the resistance of a
malarial parasite to an antimalarial agent, comprising
administering to a mammal infected with the malarial
partasite a composition containing as the active

ingredient a mixture of a calcium channel blocker and

the antimalarial agent.

16. A method for reducing the resistance of a
malarial parasite to an antimalarial agent as defined
by claim 15, wherein the antimalarial agent is selected
from the group consisting of chloroquine, mefloquine,

quinine, their therapeutically acceptable salts and

mixtures thereof.

17. A method for reducing the resistance of a
malarial parasite to an antimalarial agent as defined
by claim 15, wherein the calcium channel blocker is
selected from the group consisting of verapamil,

nifedipine and mixtures thereof.

18. A method for reducing the resistance of a
malarial parasite to an antimalarial agent as defined
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by claim 17, wherein the composition contains as the
active ingredient a mixture of verapamil and

chloroquine.
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