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1. Introduction:

Malaria remains one of the most important diseases of the developing world although it is
known to humankind since ancient times in different forms and it is caused by Plasmodian
malarial parasite. It kills approximately 1-3 million people and causes diseases in 300-500
million people annually. Pregnant women are the main adult risk group in most endemic areas of
the world. ' In Indian ancient literature Vedas it is described as a disease of high “Jwar/ taap”
leading to death in most of the cases. The disease poses a major public health challenges, which
restrict the development in the poorest countries of the world.’” The malaria parasite is a
Plasmodian protozoan species, which evolved with time differentiating into four distinct species;
P. falciparum, P. vivex, P. malarae and P. ovale, specific to man. Some other related species
including P. berghii and P. yeolii are specific to other group of the mammalian class. The disease
is transmitted from person to person through the bite of a female Anopheles mosquito.® Out of
above four malarial parasites of human host, Plasmodium vivax, P. malariae and P. ovale, are
the cause of intermittent high fevers making a person very ill but they are rarely fatal. The
remaining species P. falciparum, is the cause of malignant tertian, or falciparum, malaria which
has a substantial mortality if it is untreated, especially in the first or an early attack.”'° Following
a single infection, there is intermittent presence of the parasites in the blood for several months.
In population of frequent mosquito bites, the parasitacmia continues throughout childhood.'"?

2.Pathogenesis and Life Cycle of the malaria parasite:

The infected primary host, the female anopheles mosquito, injects sporozoites into secondary
(human) host at the time of blood suck. The sporozoites migrate to the liver and invade hepatocytes
within 1 h. where they complete the pre-erythrocytic and exo-erythrocytic stages of their life cycle
leading to hepatic schizogony.'*"> After 5-7 days, the infected hepatocytes rupture and release

thousands of merozoites, which invade erythrocytes and start the erythrocytic phalse.16’17

The parasite
develops and replicates within the erythrocytes and after 24—26 h in the cycle the trophozoite adheres
to the endothelium of small blood vessels. This adherence (sequestration) is the cause of the

pathophysiology of falciparum malaria. In this period (2648 h) the older stages (merozoits) cannot
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normally be seen in the blood smear. The trophozoites grow to the schizonts (erythrocytic schizogony)
and after 48 hrs rupture the erythrocytes release their progeny (16—32 merozoites per schizont) in the
blood."™ ' An unidentified malaria toxin is released on rupture of schizont-erythrocyte resulting in
cytokine response which leads to clinical manifestations of the typical malaria inluding high fever,
chills, prostration and anaemia. Severe disease can include delirium, metabolic acidosis, cerebral
malaria and multiorgan system failure, and comma and death may ensue. The period between the
mosquito bite and the appearance of the first symptoms is called the incubation period which is
specific for the four species of plasmodium.The pathogenicity of the parasite results because of its
rapid rate of asexual reproduction in the host and its ability to sequester in small blood vessels. '’

3. Traditional and Current Approaches over Malaria Control :

Both the traditional and current approaches have been used to control malaria The use of impregnated
bed-nets with residual pyrethroids, e.g. perimethrin and deltamethrin, is likely to increase, once their
value in reducing malarial morbidity is more widely established. It has been shown that the success of
bed net programme is dependent on a variety of factors - vector susceptibility to pyrethroids, high
coverage of the population at risk, high malaria incidence, good community participation, high
mosquito densities when people go to bed and a high prevalence of P. falciparum. 2

The current approaches to curtail this disease include the vector control, immunotherapy, vaccination

and the chemotherapy.
3.1. Vector Control:

Vector control can be achieved either by making contact of human host and mosquito host impossible
or killing the mosquitoes by insecticides.” In the context of the vector control the female anopheles
mosquito may be considered as the moving targets and thus control may be broadly divided into three
main categories (a) reducing vector density (b) interrupting their life cycle, and (c) creating a barrier

between the human host and the vector, i.e. simply preventing the mosquito bite.

The environmental modification/manipulation and changes in the biosystem are solutions to control

vector density.”* Interruption of the life cycle leading to eradication of mosquito host includes
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destroying their breeding sites and resting areas and more specifically use of organisms feeding on
vector larvae. Artificial barrier between the vector and the host can be met by using the insecticides,
repellents, protective clothing’s and the bed nets. Although the vectors in many parts of the world are
still susceptible to pyrethroids and carbamates, yet it got a setback due to development of resistance
against insecticides and the entry of insecticides in the human food chain leading to various serious

. . 2
complications.”

3.2. Vaccination:

Vaccination is an attempt to mimic certain aspects of an infection leading to an immune response that
will protect the individual from that infection. Vaccination in malaria also like many other diseases
represents one of the most important approaches that would provide a cost-effective intervention in
addition to currently available malaria control strategies.”® During the past decade understanding the
immune mechanism involved in the protection against this disease has made significant progress and
many vaccine candidate antigens and their genes have been identified.”’

An ideal malaria vaccine encompasses mainly three essential characteristics; (a) it is multi-stage,
incorporating antigenic characteristics at multiple stages of P. falciparum’s life cycle, (b) it is multi-
valent, containing multiple epitopes restricted by different MHC molecules, which would help in
overcoming the genetic restriction and allelic and antigenic variations, and (c) it is a multi-immune,
inducing more than one type of immune response, comprising both cell-mediated and humoral
immunity. Such a multi-component vaccine would increase the probability of a more sustainable and
effective host response

Most of the vaccine trials were directed against liver stages or sporozoites, and these vaccines included
completely synthetic peptides, conjugates of synthetic peptides with proteins such as tetanus-toxoid to
provide Helper T-cell, recombinant malarial proteins, particle-forming recombinant chimeric
constructs, recombinant viruses, and bacteria- and DNA-based vaccines.”® Asexual blood stage
vaccine trials have used either synthetic peptide conjugates or recombinant proteins. Only one trial, so
far has been conducted for transmission-blocking vaccine using recombinant Pfs258. Some of

recently developed vaccines against falciparum malaria are discussed below.
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1. SPf66: It is the first recognized malaria vaccine ** developed in Colombia by Manual Patarroyo in
1987 from three merozoite-derived proteins by joining them with sequences derived from the repeat
domain of the circumsporozoite (CS) protein of P. falciparum. Phase I trials demonstrated a 75% rate
of efficacy and showed that the vaccine was immunogenic and well tolerated. Phase IIb and III trials
demonstrated an efficacy rate of 38.8-60.2%. The first trial in Africa was conducted in Tanzania in
1993, where intense malaria transmission occurs. The estimated vaccine efficacy rate was 31% after a
one-year follow-up period. SPf66 was also confirmed to be safe and immunogenic. A later trial in the
Gambia did not show any protective effect elicited by the SP{66 vaccine; however, factors such as the

short three and a half months follow-up period were given as reasons for this outcome.

However, recent studies have shown that this vaccine has very low immunogenicity and induces only

a temporary humoral immune response (6 months on average).

2. CSP *®: It is a circumsporozoite protein (CSP) incorporating the recombinant (Asn-Ala-Asn-
Pro15-Asn-Val-Asp-Pro)2-Leu-Arg (R32LR) covalently linked to purified Pseudomonas aeruginosa
toxin A 9. In contrast to anticipation neither there was an elevation of T-lymphocyte response nor the
reduction in incidence of disease in the study group as compared to the control group (which received
hepatitis B vaccine). CSP vaccine recipients had an 82% incidence of parasitemia, while the control
group had an 89% incidence, indicating that CSP vaccine-induced anti-sporozoite antibody was not

protective. Furthermore, DNA vaccines against malaria are known to have CSP sequencing genes.

3. NYVAC-Pf7 *®: It is a recently developed multistage vaccine and is a single NYVAC genome
containing genes encoding seven antigens from Plasmodium falciparum. Out of these seven antigens,
two are derived from the sporozoite stage of the parasite life cycle (CSP and sporozoite surface protein
2 (PfSSP2)), one from the liver stage (liver stage antigen 1 (LSA1)), three from the blood stage
(merozoite surface protein 1 (MSP1), serine repeat antigen (SERA), and AMA-1), and one from the
sexual stage (25-kDa sexual- stage antigen (Pfs25)). The purpose of this multiple antigens vaccine is
to induce immunity in recipient. Trials with Rhesus monkeys were carried out with promising results

where specific antibody responses against four of the seven antigens were observed. These were the
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CSP, PfSSP2, MSP1, and Pfs25. The main objective for the use of a poxvirus-based vaccine was to

maximize the elicitation of cellular immunity.

In phase I/Ila safety, immunogenicity and efficacy vaccine trials in humans (1998), vaccine was
tolerated by variably immunogenic. Antibody responses were generally poor; however, cellular
immune responses were detected in well over 90% of the test subjects. In some cases, administration of

the vaccine conferred complete protection to falciparum challenge.

4. [NANP]19-5.1'": It consists of 19 repeats of the sporozoite surface protein [NANP] and the
schizonts export antigen 5.1. A field trial with the recombinant P. falciparum vaccine [NANP]19-5.1
yielded promising results. However, this vaccine has limitation of containing no immunodominant T-
cell epitopes. In its current form, the vaccine is only 20% peptide and has limited immunogenicity.

The use of recombinant IL.-2 adjuvant in conjunction with this vaccine has proven to be successful.

5. RTS, S *: It is a recombinant vaccine consisting of the circumsporozoite surface protein of the
sporozoite stage of Plasmodium falciparum. This antigen elicits antibodies that are capable of
preventing sporozoites from invading hepatocytes, and a cellular response that is capable of
eliminating infected hepatocytes. The problem with the circumsporozoite protein is that it is poorly
imunogenic. Therefore, in the RTS, S vaccine, the circumsporozoite protein is fused with a hepatitis B
surface antigen, to create a much more potent vaccine. This vaccine was combined with both alum and

monophosphoryl A or only oil in water emulsion, and proved to be effective.

A human subject study concluded that in addition to superior humoral responses, vaccinated
individuals demonstrate extreme T-cell proliferation and IFN-gamma production. The current
limitation is that conferred immunity rapidly declines following a six-month period. The improvement
of vaccine composition, use of adjuvants, and an improved immunization schedule offer hope to

confer a long-lasting protective immunity.

6. Pfs230 **: It is a sexual-stage falciparum xsurface antigen and can elicit antibodies which

block the infectivity of gametes to mosquitoes. The 360-kDa protein is localized to the
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parasitophorous vacuole/parasite plasma membrane. I t has been shown that sera which mediate
gametolysis contain IgG1l and IgG3 antibodies to gamete surface proteins. Thus, Pfs230 is a

major target of C'-fixing antibodies.

7. DNA Vaccines*:

DNA based vaccines are the newest technology that may hold the key to control many infectious
diseases. DNA vaccine is source of a stable and long-lived protein vaccine which can induce both
antibody- and cell-mediated immune responses to a wide variety of antigens. In vaccination DNA
enters the host cells and makes the proteins which stimulate the immune system to produce
antibodies and cellular (T-cell) responses that may prevent or control the malaria. Moreover, the
flexibility of DNA vaccine technology permits the combination of multiple antigens from both
the pre-erythrocytic and erythrocytic stages of malaria parasite. For DNA and recombinant virus
subunit vaccines, the DNA sequence for the antigen(s) of choice are inserted into an E. coli-
derived purified plasmid or the genome of a double-stranded DNA virus such as vaccinia.The
host CD4+ and CD8+ responses can then be induced following intracellular synthesis, processing
and HLA (Human Leukocyte Antigen) presentation of class I and II T cell epitopes.”> Many
DNA vaccines with genes coding for different antigenic parts of malaria proteins have been
created and presently some of these are undergoing field trials. It is very easy and cheap to make
DNA vaccine than other vaccines made from conventional proteins. Further, these vaccines don't
need refrigeration, and are responsive to genetic manipulation. Several DNA vaccines are in
clinical trial and are effective in animal models. The results from these trials will help to

determine the likelihood of success of this technology in humans.

35-42 43-46.

3.3. Immunotherapy and Genomics
Immunity development against malaria is very complex phenomenon in individuals living in areas of
high endemicity. People residing in malaria endemic regions, over long periods of
inhabitation/exposure, naturally acquire protective immunity against the disease, although the patterns
of immunity vary with malaria transmission patterns. Several studies have demonstrated that purified

immunoglobulins from the sera of immune adults living in endemic regions, and of experimentally

immunized animals can passively transfer protection against a live challenge. Clinical studies have
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demonstrated that experimental vaccination of humans with attenuated sporozoites can induce
effective protection|against a subsequent challenge. >>-Animal studies of malaria vaccination clearly
demonstrated the potential for the induction of protective immunity, following active immunization
using different Plasmodial components for e.g., immunization with P. knowlesi Mz13 can induce
immunity, which has been found to be superior to the immunity developed from natural infections in
humans.

Antibody-dependent mechanisms are presumed to play an important role in protection, with a wide
range of antigen-specific antibodies as well as polyclonal-antibody production. It is known that I1gG
antibodies are important in reducing parasite density during this disease

Genetic mapping of P. falciparum has recently been revealed.*”® It is known that the parasite has 14
chromosomes, approximately 5300 genes responsible for protein synthesis are known. Two third of
the total genes are unique to the parasite. Further about 208 genes are known to be responsible for the

evasion of parasite from host immune response.

3. 5. Chemotherapy:

The chemotherapy of malaria basically involves killing of the asexual parasites in the circulation (the
sexual forms are important for the spread of drug resistance and are non-pathogenic) and providing
supportive therapy to the host to boost the immune system. *’° Antiinfective drugs rely their efficacy
and specificity on their ability to interfere with the aspects of metabolism that differ significantly from
the human host. During the life cycle of the parasite in human erythrocytes the Plasmodium parasite
requires several metabolic adaptations and innovations that render it susceptible to chemotherapeutic
attack.’' The parasite degrades hemoglobin in its acidic food vacuole producing free heme which react
with molecular oxygen and generate reactive oxygen species as toxic by-products. A major pathway of
detoxification of heme moieties is polymerization of heme to heamazoin. Majority of antimalarial
drugs act by disturbing the polymerization (and /or the detoxification by any other way) of heme, thus
killing the parasite with its own metabolic waste.”' A series of reports exist for different drugs and

their efficacy against malaria. >

Page 9 of 41



Curr Med Chem12, 2643(2005)

4. Validated Biochemical targets to Develop Drugs:
Before discussing the drugs or their combination to curtail this disease, it is appropriate to look upon

the main biochemical targets, being utilized in developing new drugs.

4.1 Mitochondrial electron transport:

The unusual morphology of the plasmodium mitochondrian is a very good target for the antimalarial
drug development.* The parasite resides in an oxygen deficient environment and is totally dependent
on the glycolytic pathway for its ATP. The mitochondrion of the parasite lacks the oxidative
phosphorylation, and an incomplete electron transport chain is the source of the certain metabolically
significant redox reactions. >’ Coupling of cytochrome C reductase to dihydroorotate degydrogenase, a
key enzyme in nucleoside biosynthesis is crucial for malarial parasite.58 Thus inhibitors of cytochrome

C reductase are the possible antimalarial agents. B-methoxy acrylates and proguanil are known

inhibitor of this enzyme.””
H H H
N\er\erY
/© NH NH
Cl
Proguanil
f/\ v
H3CO™_-COOCH3 S
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l \—X /\/\S/
P /\/\/
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B-Methoxy Acrylates
4. 2. Glycolytic pathway:

It is known that in the plasmodium infected erythrocytes the glucose consumption is 50-100 fold

higher than the normal ones.®’ The parasite requires enormous amount of glucose uptake from the
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host to support its growth.®> Although many glycolytic enzymes from P. falciparum have been
cloned and sequenced yet only two enzymes TIM(Triosephosphate isomerase) and Lactate
dehydrogenase (LDH) have been seriously thought to develop new antimalarial aagents.
Triosephosphate isomerase (TIM) is a dimeric glycolytic enzyme, which catalyzes the
isomerization of  -glyceraldehyde-3-phosphate to dihydroxyacetone phosphate has been
crystallized and its implication in new malaria control has been discussed in detail.®’

Lactate dehydrogenase (LDH), the last enzyme in glycolysis, is apparently essential for the
survival of Plasmodium falciparum and therefore it can be used as target for developing new

antimalarial agents. In the crystal structure of the parasitic LDH, a distinctive cleft has been

discovered.®’

4. 3. Folate pathway:

In all species of the malaria parasite the pyrimidine biosynthesis is known to be de novo.
Dihydroorotate dehydrogenase (DHODH) is localized in the mitochondria and catalyzes the rate
limiting step of UMP formation in the pyrimidine biosynthetic pathway. ®®’ Dihydroorotate
dehydrogenases catalyzes the oxidation of dihydro orotate to orotate utilizing the flavin cofactor
(FMN). In the second step, the enzyme catalyzes the reoxidation of FMNH by using respiratory chain
type quinones (coenzyme Q). All the cytoplasmic forms of dehydrogenases oxidize FMNH 2 through
NAD+ or fumarate, while membrane or mitochondrial forms require respiratory quinones.®® Sequence
analysis of malarial DHODH gene reveals that it belongs to the mitochondrial type membrane enzyme.
Since the erythrocytic stages of the Plasmodium parasites lack a number of enzymes of the
tricarboxylic acid (TCA) cycle, the electrons from reduced quinones generated from DHOD reaction,
are funneled to the electron transport chain of the parasite respiratory pathway.®’ Therefore, the
inhibitors of the enzymes (different from human host) involved dihydrofolate synthesis would prove to
be good antimalarial agents.

4. 4. Proteases & heme metabolism:

The parasite degrades up to 80 % of the host cell haemoglobin in lysosomal food vacuole® and
involves aspartic proteases (plasma pepsin)® the cystein protease, falcipain 2”° and many peptidases

including metallopeptidases’’ in erythrocytic life cycle, which is responsible for all clinical
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manifestations of malaria, begins when free merozoites invade erythrocytes. The intraerythrocytic
parasites develop from small ring-stage to larger, more metabolically active trophozoites and then to
multinucleated schizonts.”> The erythrocytic cycle is completed when mature schizonts rupture the
erythrocytes, releasing numerous invasive merozoites. A number of malarial proteins are
proteolytically processed during the late schizont and merozoite stage. Merozoite surface protein-1 is
processed in a manner inhibited by serine protease inhibitors presumably to facilitate the complex
series of events involved in erythrocyte. The proteases are required for the rupture and subsequent re-
invasion of erythrocytes by merozoite and for the degradation of hemoglobin by intraerythrocytic
trophozoites and thus these are among potential targets for the development of new antimalarial
agents.73'74
The degradation of hemoglobin is a source of the free amino acids for the protein synthesis in malarial
parasites.” The heme is a major component of malarial pigment heamazion, ® and globin. The latter is
hydrolyzed to its constituent amino acids lysosomal proteases from the food vacuole, an acidic
organelle analogous to lysosomes. Several of such proteases have been characterized, e.g. cysteine
(cathepsins B, H, and L) and aspartic (cathepsin D) haemoglobin. At least two aspartic proteases and
one cysteine protease have been isolated from purified P. falciparum food vacuoles .’’’

Antimalarial drugs appear to act by preventing hemozoin formation, producing free radicals in the

food vacuole or, in the case of experimental compounds, preventing globin hydrolysis. The 4-

79-83 84,85

aminoquinolines (chloroquine) and aryl alcohols and artemesinin or its analogs appear to act
by blocking the formation of hemozoin from heme molecules once they are liberated from hemoglobin
and the antiparasitic effects are presumably engendered by the toxicity of free heme, possibly by
disruption of membranes.

4. 5. Apicoplast metabolism:

Elucidation of apicoplast metabolism, has significant implications in the parasite life cycle
and this plastid like orgenelle is the target of many clinically used antimalarial antibiotics. The
orgenelle has a 35 kilobase circular genome including elements of a prokaryotic translation and
transcription system, and it has been shown that malaria parasites are susceptible to prokaryotic

transcriptional inhibitors such as rifampicin and DNA gyrase inhibitors such as quinolones.*®
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Out of many targets from the apicoplast of the malarial parasite the two very important
targets are Type-II fatty acid biosynthesis (FAS-II) and nonmevalonate pathway leading to
synthesis of isopentenyl diphosphate subunits.*”*® Disruption of FAS-II results in rapid cell
death. Thiolactomycin *° inhibits this enzyme and is known to inhibit P. falciparum growth also.
Another inhibitor Triclosan *° is active against paarsite growth in cell culture and in rodents
model through inhibition of enoyl-acyl carrier protein reductase. Fosmidomycin having
antimalarial activity is known to inhibit 1-deoxy-D-xylo-5-phosphate synthase (DOX-5) and
offers a lead molecule for antimalarial drug development. °'™*

4. 6. Glycophospatidyl inositol (GPI) as a Target:
Differences in the susceptibility to the inhibitors of the GPI biosynthesis have been described for
protozoan, yeast and mammalian cells opening the door for the development of specific inhibitors of

3% It has been speculated that detailed studies on GPI

GPI biosynthesis as new therapeutic agents.
biosynthesis in Plasmodium might led to the identification of parasite specific reaction of this
pathwayparticularly the inositol myristoylation is a unique feature of plasmodial GPIs and thus might
provide a potential target for drug therapy. *’

4.7. Lipid metabolism (Glycerophospholipids):

Glycerophospholipids (GPLs) are essential components of numerous membranes in all living
organisms. Two major GPLs in P. falciparum, viz. phosphatidylcholine (PtdCho) and
phosphatidylethanolamine (PtdEtn) make up around 80% of the total phospholipid content.
Other GPL species associated with parasite cells, which constitute a significant proportion of
total phospholipids, are phosphatidylserine (PtdSer), phosphatidylinositol and cardiolipin, though
the content of these three species is sevenfold less than that of phosphatidylcholine and
phosphatidylethanolamine. *° The growing parasite requires large amounts of lipids for increase
in parasite surface area and volume of internal membranes. This huge demand for lipids makes
lipid metabolism an attractive target for anti-malarial drugs and several potential drugs targeting

lipid metabolism have been identified '
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Several parasite enzymes involved in lipid synthesis from glycerides and fatty acids, as well as
enzymes involved in the remodeling of lipid polar head groups have been identified. '*° An
enzyme capable of activating fatty acids (necessary for incorporation into lipids) has been

localized to membranous structures found within the cytoplasm of the infected ery‘[hrocyte101

4. 8. Peptidyl deformylase as target:

Peptidyl de formylase is a metalloenzyme which has recently been recognized to utilize Fe'"
(Iron-1II) as the catalytic metal for N-formyl hydrolysis during peptide biosynthesis. PDF removes
the formyl group from the N-terminal methionine of nascent polypeptides, represents an

interesting and unexploited target '*>'*

since this enzyme is conserved and believed to be
essential in plasmodium falciparum & eubacteria but not required for protein synthesis in
Human.'™ Several hydroxamate based compounds are reported to be inhibitor of the peptide
deformylase'® and very recently we have synthesizes glycosyl hydroxamates and few of them
showed in vitro antimalarial activity.'®

4. 9. Oxidative stress in the infected erythrocytes:

For survival and proper growth of the malaria parasite a redox system is needed for the
protection of the parasite from the reactive oxygen intermediates (ROI) (superoxide, hydroxyl
radical and hydrogen peroxide generated by metabolism) as these ROI are lethal to the parasite.
Redox metabolism involving superoxide dismutase (SOD), catalase, and glutathione peroxidase
are involved in the detoxification of ROI. It has also been proposed that the parasite uses host
catalase and SOD within the food vacuole. Many enzymes involved in redox metabolism are
known and out of them glutathione reductase has been identified as potential antimalrial drug
target and many inhibitors of this and other enzymes are known to act as very good antimalarial.

107-109

5. Current chemotherapy of Malaria:

5.1 The most commonly used drugs in single drug therapy for the early diagnosed malaria are given

below.
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Quinine'"’: Isolated from the bark of Cinchona tree it is the only drug, which over a long period of
time, has remained largely effective in treating the disease. A number of its derivatives are known to
be good antimalarials. However, It is now only used for treating severe falciparum malaria, partly

. . 111-113
because of undesirable side effects

Quinine

Chloroquine'*: 1t is an effective and cheap drug both from prophylactic and chemotherapeutic view

point. It was first used in the 1940s shortly after the Second World War and was effective in curing all
forms of malaria, with few side effects when taken in the dose prescribed. Unfortunately, most strains
of falciparum malaria are now resistant to chloroquine and more recently chloroquine resistant vivex

. 115
malaria has also been reported.

P!
)

Alebrin (Mepacrine): Chioroquine

This drug was developed in the early 1930s and used as a
prophylactic on a large scale during the Second World War (1939-45). It had a major influence in
reducing the incidence of malaria among the troops serving in Southeast Asia. Because of its many

undesirable side effects it is no longer used nowadays. '°
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I

Alebrin/ Mapacrine

Mefloquine (Lariam, 1971): Structurally related to quinine, this drug was effective against many
resistant malaria starins. Initially it was considered as good prophylactic because of its long half life.
Widespread resistance and undesirable side effects (mainly the acute brain syndrome) associated with

117-118

this drug have resulted in a decline of its use. Because of its relationship to quinine the two drugs

must not be used together.

H
© N
H
z
< |
N~ ~CF;
CF;
Mefloquine

Halofantrin (Halfan1980s): It is is an effective antimalarial drug but due to its short half life of 1 to 2

19120 Unfortunately, resistant forms

days and its high cost, it is not suitable for use as a prophylactic.
are increasingly being reported and there is some concern about its side effects. Halofantrin has been
associated with neuropsychiatric disturbances. It is contraindicated during pregnancy and is not
advised to women who are breastfeeding. Abdominal pain, diarrhea, purists and skin rash are some of
the common side effects '*!

(CH3)3CH3
/

N

\
(CH2)3CH3

Halofantrin
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Azithromycin '*: Tt is mainly used for the chemoprophylaxis. It also shows limited toxicity but the

studies are limited to date.

Erythromycin

Atovaquone'®: It is an important antifolate drug for malaria treatment and is used in combination

with proguanil which a prodrug and metabolically converted to cycloguanil an antifolate.

cees

o

Atovaquone
Artemisinin '**: It was derived from a Chinese herbal remedy and covers a group of products.
The two most widely used are artesunate and artemether. While they are widely used in Southeast

Asia, they are not licensed in much of the Western World. A high rate of treatment failures with drug

led to a combination regimen with mefloquine for the treatment of falciparum malaria. ~ Artimisinin

Peroxides in Malaria treatment '*>"':
Artemisinin derivatives are the fastest active antimalarial drugs. Four compounds have been used, the

parent one, artemisinin, extracted from Artemisia annua and three derivatives that are actually more
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active than artemisinin itself. One of them is a water-soluble hemisuccinate: artesunate; two others are

oil-soluble ethers: artemether and arteether.

R
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Peroxides as antimalarial drugs

Artemisinin is active at nanomolar concentrations in vitro on both CQ-sensitive or -resistant P.
falciparum strains. Artemisinin and its derivatives appear to be the best alternative for the treatment of
severe malaria and artemether has been included in the WHO List of Essential Drugs for the treatment
of severe MDR malaria. In this family, the Walter Reed Institute of Research has patented a stable,
water-soluble derivative calledartelinic acid that is now being tested in animals. A key advantage of
these endoperoxide-containing antimalarial agents, which have been used for nearly two decades, is
the absence of any drug resistance.

A low level of resistance has been observed, which disappeared as soon as the drug-selection pressure
has been withdrawn. Artemisinin derivatives being gametocidal reduce the transmission of the disease.
However, drawback of artemisinin derivatives is their short half-life (3—5 h). Combination of

peroxides with other drugs in malaria chemotherapy has been studied in detail.
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5.2. Development of Resistance against existing antimalarials '**'**:

Drug resistance in malarial parasite has become one of the most important problems in malaria control
in recent years because of single drug therapy.'”> ' Resistance in vivo has been reported in all
antimalarial drugs, except artemisinin and its derivatives. Drug resistance necessitates the use of drugs
which are more expensive and with dangerous side effects. In some parts of the world, artemisinin
derived drugs are the first line of treatment, and are used indiscriminately for self treatment of
suspected uncomplicated malaria, which ultimately will lead to resistance to artemisinin too, very
soon.

Drug resistance is common in Indo-Chinese penisula and the Amazon region of South America. The
problem of drug resistance can be attributed primarily to increased selection pressures on P.
falciparum in particular, due to indiscriminate and incomplete drug use for self treatment. In areas
such as Thailand and Vietnam, mosquitoes of the Anopheles dims and Anopheles minimus species
spread the drug resistant parasites. These mosquitoes adapt their biting activity to human behavior
patterns, and maintain intense transmission. Drug resistant P. falciparum was first reported in Thailand
in 1961. Various P. falciparum "strains" have now attained resistance to all commonly used and
generally available antimalarial drugs. In man, the problem of resistance to the common antimalarial
drugs, such as chloroquine and the decreasing effectiveness of quinine, is mainly limited to P.
falciparum infection; chloroquine remains the treatment of choice for P. vivax.'**"'*

5.3. Combination therapy:

Since the efficacy of readily affordable antimalarial drugs is declining and the effective drugs are too
expensive to common masses, cost-effective strategies are needed to extend the useful life spans of
antimalarial drugs. The combination of two or more than twodrugs slows down the development of
resistance and offers a synergistic effect too. However, most of the drug combinations are too costly to
common masses. Malarone is a combination of proguanil and atovaquone and it has been established
that both the drugs used together have a synergistic effect and this combination is now a very effective
but costly antimalarial treatment. '*’

The drug combinations with or without artemisinin derivatives, including sulphadoxine combined with

Mefloquine (MSP) and sulphadoxine combined with chloroquine, and many newer fixed combination

drugs, having an additional artemisinin component, are being developed or marketed. Few of such
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combination include chlorproguanil/dapsone (Lap Dap), fansidar and co-artemether
(lumefantrine + artemether)."” The effect of combination therapy is enhanced by the inclusion of an
artemisinin derivative as artemisinin antimalarials decrease parasite density more rapidly than other
antimalarial drugs However when used alone, the short half-life of the artemisinin derivatives
minimizes the period of parasite exposure to sub therapeutic blood levels.

In combination with another drug having a longer half-life, the artemisinin derivatives with short half-
life and rapid parasite clearance ensures that fewer parasites are exposed to the lone companion drug.
Furthermore, exposure occurs when blood levels of the drug close to the maximum are still present.
Another benefit of artemisinin combinations is the 90% reduction in gametocyte levels in treated
patients. These characteristics minimize the probability that a resistant mutant will survive therapy and

may also reduce overall malaria transmission rates.
6. Recently reported novel compounds for Antimalarial chemotherapy:

Fosmidomycin:
Fosmidomycins belong to a class of antibiotics % the antimalarial activity of this class of
molecules has been reported recently. The safety of the drug even in high doses (1.0 g every 6 h
for 7 days) has been established.
W St
H I}I/\/\ IPI —ONa
OH O

Clindamycin: It is a semisynthetic derivative of lincomycin and was introduced as in different

145

formulations for the treatment of infections caused by Plasmodium falciparum. " Different studies

have been carried out from time to time with clindamycin and derivatives alone as well as in

. . . 14
combination with other compounds.'*

Page 20 of 41



Curr Med Chem12, 2643(2005)

CHs;

HO OCH;
HO  OH
Clindamycin

Thiolactomycin: Thiolactomycin and many of its analogs have recently been shown to possess
antimalarial activity, % and found to be the inhibitor of the Type-1I fatty acid biosynthesis against
DIVR (MDR w2mef) of Plasmodium falciparum .

S
g 7
HO
Thiolactomycin

O

Hydroxamates:'*'°'*” Some benzoyl hydroxamates have shown very good in vitro antimalarial activity.
Very recently glycosyl hydroxamates were also found to be possessing antimalarial activities. The
mode of action of these hydroxamates was found to be through chelation of iron and inhibition of

peptide deformylase enzyme.

Thiopeptide antibiotics: '***°

The thiopeptide antibiotics and in particular the amythiamicins, are a growing class of sulphur

containing highly modified cyclic peptides characterised by several common
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structural features: the presence of thiazole and oxazole rings, unusual and dehydro amino acids, and a
heterocyclic centrepiece of a tri- or tetra-substituted pyridine all in a macrocyclic array. Micrococcin is
a potent growth inhibitor of the human malaria parasite Plasmodium falciparum. The thiopeptide
antibiotics also have activity against the resistant strains of the malaria parasite Plasmodium

falciparum,

7. Antimalarials from Natural /Plant Sources:

Most of the drugs currently available to treat malaria are quinoline derivatives modeled on the quinine

149 In the

molecule, found in the bark of Cinchona spp. trees found in high altitudes of South America.
XVI century, the plant bark and seeds were taken to Europe by the Jesuits and used for centuries to
treat human malarial with efficacy. The quinine molecule from Cinchona inspired the synthesis of
chloroquine and this drug became the chief replacement for quinine, during the Second World War. It
is still widely used to treat malaria in areas where notable drug resistance has not yet appeared.

A number of natural products isolated from various plants have been reported to posses antimalarial
activity. °*'> Aqueous extracts of Azadirachta indica (bark), Phyllanthus niruri (whole plant) and
Ocimum sanctum (leaves) were tested in vitro for their antimalarial activities using CQ sensitive

isolate. ICsy values ranged from 0.3—70.0 pg ml-1.
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8. Conclusion:

Malaria control is currently dependent on the effective, safe, affordable and practicable antimalarial
drugs. The vector control without disturbing the ecosystem needs to be more strengthened with
environment friendly biotechnological advancements. Unfortunately for several millions of malaria
cases this disease is still economically less attractive for pharmaceutical companies and it is of
scientific community to raise this issue to both the public and the Government agencies. Concerning
the delayed developments of new antimalarial drugs, there is the need for a drug that allows short
course treatment but not rapidly eliminated to delay the emergence of resistances. In order to delay the
emergence of resistance and preserve effective drugs, combination therapy might be the solution.
Artesunate derivatives are also found to be effective in reducing mortality of severe malaria and have
no resistance besides the above aspects of manufacture, pricing, and making the prescribed regimen
understandable, there must be surveillance for drug resistance and drug quality. The concerted effort
of different governments towards new drug development programme against this disease would lead to
an excellent R& D on Malaria.
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