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Abstract

Malaria affects 250 - 300 million people in the world most of them are children below 5 years and pregnant woman and the
mortality stands second among infectious diseases. With a vaccine not being available against malaria and the front line drugs such
as chloroquine and antifolates registering widespread parasite resistance, the challenge of malaria treatment is a formidable aim.
Now malarial drug therapy researchers are looking to discover new drugs which has become essential and very necessary to identify
therapeutic strategies at the earliest. Among many approaches like finding a new drugs, look for some natural compounds or using
drugs used for other diseases like microbial antibiotics, curcumin and garlic. Many groups are trying to treat malaria by using these
drugs singly or in combination. Due to occurrence of resistant for all existing antimalarials according to WHO norms researchers are
following the combination therapy for malaria specially with Artemisinin (ACT). Combination therapy has assumed considerable im-
portance in the context of artemisinin derivatives being the sole, tested, efficacious antimalarials left in the basket. Now researchers
are trying to use combination of antibiotics like tetracycline, rifampicin, triclosan, thiolactomycin, cotrimoxazole and many others for
its antimalarial activity specially against drug resistant malaria. This review aims to show some of the microbial antibiotics used as

an antimalarial and their targets with respect to malarial parasite life cycle.
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Introduction

Malaria is a tropical mosquito-borne disease caused by a protozoan, Plasmodium. Studies in 2010 showed that mortality among chil-
dren below 5 years of age in Sub-Saharan Africa (SSA) is at 50% comparative to previous estimation, with time trends since 2000 [1].
Plasmodium species related incidences are at 214 million and mortality at 4,29,000; most of them are children below 5 years of age
and pregnant women being under risk, especially in African regions [2]. Due to widespread parasite drug resistance, effective malaria
treatment is a daunting task. Statistical analysis of the Indian field samples of malaria parasites shows resistance, close to 90%, towards
Chloroquine treatment [3-5]. Despite extensive efforts, the incidence and intensity of the disease is not decreasing at an expected rate in
most disease endemic regions of the world. With the deficient control programmes and non-availability of antimalarial vaccines, it has
become necessary to identify alternative therapeutic strategies in the short-term. There are several diverse approaches that are currently
being pursued around the world to develop new antimalarials to combat drug resistance. One approach is to examine whether known
drugs used for other diseases can be used to treat malaria. Second option is to screen known compounds of natural origin for antimalarial
activity, and third is the use of existing microbial antibiotics as antimalarials. For more than a decade now studies with special focus on
compounds of plant origin, such as curcumin and garlic oil, for malaria treatment has been carried out [6,7]. This short review would focus

on the role played by antibiotics in effective control and treatment of malaria.
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For many years chloroquine was the mainstay of malaria treatment and control. However, resistance to chloroquine by Plasmodium fal-
ciparum, the parasite that causes the most severe form of malaria, has spread and intensified in almost all malaria-endemic areas. More-
over, P, falciparum has also developed resistance to other antimalarial drugs in use. For example, in Southeast Asian region, resistance
has been reported to chloroquine, sulfadoxine /pyrimethamine (S/P), mefloquine, halofantrine and quinine, thereby, leaving combination
therapies that include artemisinin (artemisinin-based combination therapy) [8] and its derivatives as the only effective treatment. In ad-
dition, there are several reports that show that use of antibiotics to be effective against malaria parasites [9,10]. In 1989, a chloroquine-
resistant strain of Plasmodium vivax was reported in Papua New Guinea, which was the first time a non-P. falciparum malaria species
had exhibited resistance to any major antimalarial drug. These reports are critical for helping nations to establish appropriate malaria
treatment policies and ensure the availability of drugs that will be effective against the disease. In 1973, chloroquine resistance had been
reported from several countries in South America and Asia, but not until the late 1970s from Africa [11]. Resistance to chloroquine in
Africa has spread from east to west. In the most affected countries, the first line of treatment was changed from chloroquine to S/P only
to find resistance emerging to this drug as well [12-14]. The efficacy of quinine has diminished in some areas, and low level of resistance
is now widespread in parts of Southeast Asia. Decreased sensitivity to quinine is present in more than 50% of P, falciparum infections in

Southeast Asian regions [15].

Though microorganisms such as bacteria are not a causative agent for malaria, still antibiotics which kill bacteria would be of thera-
peutic use. Recent studies have suggested the effectiveness of antibiotics against the parasite and efforts are on to identify the mode of
action. The role of antibiotics in treating malaria came in to spotlight after the discovery of a chloroplast-like organelle of apicomplexan
parasites, the apicoplast [16]. This plastid-derived structure, which originates from a secondary endosymbiotic event (hence 3 to 4 mem-
brane structure) [17], maintains certain parasite-specific functions [18] and involved in important metabolic as well as housekeeping
activities, including fatty acid [19] and heme biosynthesis [20]. Like the mitochondrion, the apicoplast has a separate, prokaryote-like
genome (35kb) which is completely mapped and the widespread occurrence of the genome is observed over a range of malaria species
[21]; this probably explains the antimalarial effect of a number of antibacterial compounds that otherwise do not have any outcome on
eukaryotes. Apicoplast synthesizes 23 proteins but is also estimated to import over 500 nuclear-encoded proteins, representing ~ 10%
of the proteins encoded by the nucleus [22]. Import into the apicoplast is by a specific mechanism involving two amino-terminal targeting

sequences [23,24].

Apicoplast is an indispensible organelle in the parasite; hence it represents a promising target for antibiotic malaria therapy. Antibiot-
ics such as tetracycline, doxycycline and azithromycin that act on prokaryotic organisms shown to have antimalarial activity by prevent-
ing parasite growth through the inhibition of ‘prokaryote like’ protein biosynthesis in the apicoplast - that is unique to apicomplexan
parasites [25,26]. Here we describe the effect of different antibiotics against malarial parasite and also their effect on antibiotic target, the

apicoplast (Figure 1).

Figure 1: Antibiotics target in apicoplast of malaria parasite.
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Presently, use of antibiotics as prophylaxis drug for malaria is the focus of many research groups. Two families of antibiotics that have
been studied extensively are tetracyclines and macrolides and their derivatives [9,10]. Other drugs such as co-trimoxazole, quinolones,
tigecycline, mirincamycin, ketolides, fusidic acid and thiopeptides are also studied. Antibiotics exhibiting antimalarial activity are listed
in table 1.

No. Existing antibiotics Target molecule Pathway/Mechanism
1 Tetracycline [27] Apicoplast ribosome Protein synthesis
2 Clindamycin [28] DNA gyrase DNA synthesis
3 Rifampicin [29] RNA polymerase RNA polymerase
4 Thiolactomycin [24] Fab H Typell FAB
5 Triclosan [19] Fab I/PfENR Isoprenoid synthesis
6 Fosmidomycin [30] DOXP reducto- isomerase Translation
7 Ciprofloxacin [31] DNA topoisomerase I1 DNA replication
8 Doxycycline [32] 16S rRNA of apicoplast Translation
9 Amythiamicin [33] Elongation factor Tu Translation
10 Azithromycin [34] Not characterized Translation
11 Thiostrepton [35] Not characterized Translation
12 Micrococcin [36] Not characterized Translation
13 Chloramphenicol [37] Not characterized Translation

Table 1: List of antibiotics exhibiting antimalarial activity.

Tetracycline is a broad-spectrum antimicrobial drug that has potent but slow action against the asexual blood stages of all Plasmodium
species. It is also active against the primary intra hepatic stages of P, falciparum. The combination of quinine plus tetracycline given over
5 - 7 days is still highly effective for treatment in areas of multidrug resistance in Thailand if adherence with the treatment regimen can
be assured [38]. However, it should not be used in monotherapy because of its slow action. Tetracycline can be used in combination with
quinine for treatment of falciparum malaria to decrease the risk of recrudescence. Doxycycline, like tetracyclines, can be used for therapy
in combination with quinine in areas where resistance to quinine has been reported. Doxycycline in combination with mefloquine or
artesunate has been used successfully in Thailand to treat multiresistant uncomplicated falciparum malaria. In contrast to tetracycline,
doxycycline can also be used for chemoprophylaxis. Doxycycline prophylaxis is recommended in areas of mefloquine-resistant falciparum
malaria [39] and has been used successfully in Cambodia and Somalia [40]. Triclosan is a chemical often referred to as a “biocide” instead
of an “antibiotic”. However, its mode of action seems to suggest that it is an antibiotic. Triclosan binds to bacterial enoyl-acyl carrier pro-
tein reductase (ENR) enzyme, which is encoded by the gene Fabl. Co-trimoxazole is an antibacterial, antifungal [41] drug and reported
to be effective as an antimalarial in combination with trimethoprim and sulfamethoxazole [42,43] but some reports have reported cross-
resistance [44,45]. This drug has been studied for both prophylaxis and treatment of malaria [46,47]. Bactericidal quinolones are syn-
thetic antibiotics and was discovered as a byproduct during the synthesis of chloroquine [48]. The drug shows significant anti-malarial
activity and is reported to target gyrase enzyme of the parasite [49,50]. Mild antimalarial activity has been shown by norfloxacin, ofloxa-
cin, pefloxacin, trovafloxacin and ciprofloxacin [41]. Ciprofloxacin works in synergy with artemisinin [51]. Acridinones, like quinolones,
targeted to inhibit heme polymerization, as chloroquine does [52] and also blocks the transmission to mosquitoes by preventing oocysts
development [53]. Tigecycline is a new class of antimicrobials, the glycylcyclines, which belong to the tetracycline class and its anti-ma-
larial activity was first tested ex vivo [54]. The complete cure of malaria in P. berghei-infected mice with tigecycline in combination with a
subcurative dose of chloroquine has been reported [55]. This drug has been used in ACT group with artesunate in Southeast Asia region
[56] for treatment of complicated malaria. Mirincamycin is a lincosamide antibiotic similar to clindamycin that is synthetically produced.
This older molecule was studied in 2009 on P, falciparum isolates from Gabon [57]. In vitro study on ketolides showed anti-plasmodial
activity against chloroquine-susceptible and chloroquine resistant strains of P. falciparum [58]. Due to prokaryote-like gene expression in
the apicoplast, several antibiotics which target DNA replication, transcription and translation in bacteria also kill the parasite [59]. Several
malaria research groups have been working on microbial antibiotics which have shown a way for the development of antibiotic-derived

drug resistant malaria therapy:.
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Conclusion

As reviewed in this article, serious attempts are underway all over the world to identify new drug targets in the malarial parasite and

develop new antimalarials. With the recognition of deficiencies in control programmes based on insecticides and non-availability of vac-

cines, antimalarial drugs have acquired importance as a frontline control measure against malaria. While this effort is very essential, there

is also a need to pursue alternative approaches that could, perhaps, lead to cheaper therapeutic options such as antibiotics. All these ap-

proaches have become very essential; since resistance is wide spread against all existing antimalarials and cheaper alternatives need to be

looked at. Further studies should be promoted to assess the effects of antibacterials as antimalarials especially in artemisinin combination

therapy, as the most apt partner drug to treat malaria.
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