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INTRODUCTION

The disastrous and infectious disease, malaria, is responsible for causing deaths of millions
worldwide especially Africa.™ According to WHO estimation in 2015 there were 212 million
cases of malaria and 4.29 lakhs deaths worldwide. Charles Louis Alphonse Laveran, a French
army surgeon, was the first to observe malaria parasite in a patient’s blood who was suffering
from malaria on 6 November 1880. He was awarded Nobel prize in 1907.[¢ Way back in

1947 of a population of 330 million nearly 75 million people were estimated to be suffering
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from malaria which resulted in death of people about 0.8 million every year.®! There are 4
different species of Plasmodium which is responsible for causing malaria in humans;
Plasmodium Falciparum, Plasmodium Vivax, Plasmodium Ovale and Plasmodium Malariae.
The most widespread and severe disease is caused by P. Falciparum, which infects the liver
before destroying RBCs of the mammalian host. The clinical manifestations happens at the
erythrocytic stage and induced fever, chills, prostation, anaemia, delirium, metabolic acidosis,
and multiple organ system failure, which may be followed by coma or death.*® Due to
increasing problems of drug resistance towards plasmodium species there seems to be an
urgent need to develop new lead compounds to treat malaria.l” Ethnopharmacology serves as
one of the best sources to find a plant molecule which can be used as a lead compound for
preparing antimalarials.”® About 80% of the world populations still rely on the use of plants
based traditional health care products for there health care purposes.®! Previously, molecules

including quinine, artemisinin and many others have been purified from herbal drugs.!*”

Quinine, an aminoquinoline alkaloid was isolated from cinchona species (Rubiaceae) bark in
1820 by Pelletier and Caventou, is one of the oldest and important antimalarial drugs and is
used today also. It is an effective principle against P. Falciparum after World War 2, it was
considered responsible for development of synthetic antimalarial drugs belonging to the
classes of 4- and 8-aminoquinolines, such chloroquine (1940) and Primaquine (1952) among
others. Until recently, chloroquine was the only drug which was used for the treatment of
malaria.l'**? The observation of drug resistance by P. falciparum strain started since 1960,
particularly of chloroquine has made the treatment of malaria largely problematic in virtually
or malarial regions of the world.l*¥) Several researchers have dedicated their effects in the
development of new active compounds such as from artemisinin, as an alternative to
chloroquine. Currently no single drug is effective in multiple drug resistant malaria treatment
and hence an effective combination therapy includes artemisinin derivative such as
artesunate, or mixtures with other drugs such as atovaquone-proguanil combination
Malarone.™ ™ Unfortunately first report of drug resistance to artemisinin- derivatives*® and

to drug combination therapies[16] have appeared already.

Hence, in the absence of functional safe ana widely available malaria vaccine, efforts have
been made to develop new anti-malarial drugs which are continued to be in use now. The

main rational of this review is to analyse the conventional and natural products which can be
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used as lead for future novel antimalarial drugs. In this review, an attempt has been made to

highlight the anti-plasmodial properties of antimalarial plants from various sources.

» LIFE CYCLE OF P. FALCIPARUM
Plasmodium species which is known for causing malaria belong to phylum Apicomplexa. All
members of this phylum are obligate intracellular protozoal parasite.'”! The malarial parasite

has a very complex life-cycle, wherein it require host and vector to complete its life-cycle.™
19]
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Figure 1. Schematic life cycle of malaria in humans. Sporozoites are injected into
human dermis through the bite of infected Anopheles mosquito. After inoculation,
sporozoites migrate to liver cells to establish the first intracellular replicative stage.
Merozoites generated from this exoerythrocytic phase then invade erythrocytes (RBCs),
and it is during this erythrocytic stage that severe conditions of malaria occur. The life
cycle is completed when sexual stages (gametocytes) are ingested by a mosquito. Some
sporozoites deposited in the skin eventually penetrate capillaries or lymph vessels.
Those entering the lymph vessels will penetrate lymph vascular endothelial cells in
lymph nodes to establish a lymph node form, which appears not to continue the life
cycle - but may be significant in priming an immune response. Adapted and reproduced

by permission from Macmillan Publishers Ltd.
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Kaur and co-authors published a review in 2009 which focussed on the anti-malarial
compounds discovered during 1998-2008 from all natural sources including crude plant, and
marine extracts. A total of 266 anti-plasmodial natural products pertaining to the classes of
alkaloids, terpenes, quassinoids, flavonoids, limonoids, chalcones, peptides, xanthones,
quinones, coumarins and miscellaneous compounds, as well as 37 promising semi-synthetic

antimalarials were listed in the compilation.?”!

» ANTIMALARIAL DRUGS AND DRUG RESISTANCE

The worsening problem of drug resistance has caused many of the antimalarials in use

ineffective, thus increasing the rate of morbidity and mortality.?!

1. QUININE: It was discovered in 17" century. Cinchona tree contains quine which was
associated with its use as antimalarial back from 1600s. During those days, it was called
as “Jesuits’ bark”, “cardinal’s bark”, or “sacred bark”.!”? It kills the malarial parasite by
causing the food vacuole to swell thus leading to increase in the granularity of cell and

lastly result in cell lyses. It took too long for the parasite to gain resistance to quinine.

Fig.1.1- Cinchona tree and bark. Fig.1.2- Quinine chemical structure.

2. CHLOROQUINE: It does not allow the hematin to detoxify in the digestive vacuoles of
the parasite thus causing toxicity to it, which leads to the parasite death. The resistance to
chloroquine is due to mutation that cause within PfCRT (Plasmodium falciparum
chloroquine resistance) and it is studied that the mutation has occurred at the position 76
(K76T).[#!
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Fig.2.1- Cinchona plant and bark. Fig.2.2- Chloroquine chemical structure.

3. ARTEMISININ: Itis as recent and widely used antimalarial drug which is used as a first
line treatment for P. falciparum and has also gained drug resistance in many parts of the
world, especially Southeast Asia. Artemisinin, a tetracyclic 1,2,4-trioxane containing an
endoperoxide bridge, is the key pharmacophore of this drug.**! This drug is obtained

from the herb sweet wormwood selective anti-cancer properties to some extract.

All antimalarial drugs are anti-pyretic in nature but not all anti-pyretic are antimalarials.
Keeping this in mind, one can screen plants possessing antipyretic activity to check its

antimalarial effectiveness.

Fig.3.1- Artemisia plant. Fig.3.2- Artemisinin chemical structure.

In table 1, a list of some plants possessing antipyretic along with antimalarial properties are

shown.
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Table 1: List of plants reported to possess antimalarial and antipyretic activity.

S. No. | Plant Name Family Activity Reference
1 | Abrus precatorius L Fabaceae Anti-malarial 125]
2 Acanthus montanus Acanthaceae Anti-pyretic 126]
3 Adansonia digitata Bombacaceae Anti-pyretic 271
4 Aegle marmelos Rutaceae Anti-pyretic 28]
5 Alafia barteri Apocynaceae Anti-malarial 23]
6 Albizia anthelmintica Brongn. | Fabaceae Anti-malarial 50
7 Allium sativum L. Alliaceae Anti-malarial %]
8 Aloe vera L. Xanthorrhoeaceae | Anti-malarial 130
9 Amaranthus hybridus Amaranthaceae Anti-malarial 130
10 | Amaranthus spinosus Amaranthaceae | Anti-malarial 152]
Table 2: Antimalarial activity of plant metabolites.
Plant Family Metabolite Compound Reference
Piptadenia Phenolic
ptader . derivatives (+)-catechin 5-gallate [33]
pervillei Leguminosae . .
Flavonoid (+)-catechin 3-gallate
Vatke o
derivatives
Bauhinia Leguminosae | Fiavonoid Demethoxymatteucinol [34]
purpurea L. derivatives
ATLoCarpus | o raceae Flavonoids Artonin F [35]
rigidus Cycloartobiloxanthone
Artocarpones A
Artocarpones B
Prenylated Artonin A
Artocarpus flavones Cycloheterophyllin [36]
champeden Moraceae Prenylated Artoindonesianin R
flavonoids Heterophyllin
Heteroflavanone C
Artoindonesianin A-2
. Garciniaxanthone
Garcinia Smeathxanthone A
polyantha Clusiaceae Xanthone 7]
Oliv Smeathxanthone B
' Chefouxanthone
1-O-galloyl-6-O-
Phyllanthus Euphorbiaceae | Coumarin luteoyl-a- [3]
niruri L.
D-glucose
Punica . . . [39]
granatum L. Lythraceae Tannins Gallagic acid
Cannabis _ 5-acetoxy-6-geranyl-3- .
. Cannabaceae Quinones npentyl- 1,4-
sativa L. .
benzoquinone
Bauhinia . . Bauhinoxepin | [41]
purpurea L. Leguminosae Quinones Bauhinoxepin J
Artemisia Ternenoid
gorgonum Asteraceae ( efmacranoli de) Hanphyllin [42]
Webb g
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CONCLUSION

Malaria has continued to be a burden to mankind and now it is the exact time to control and

eradicate this menacing disease. One would have to thoroughly understand the biology of

malaria and parasite to develop an effective medicine and its cure. The is only hope now, is to

find a lead compound from plants. There are many plant species which have been identified

for their antimalarial properties. There are more optimistic properties perspective on

continuing investigation of more antimalarial property bearing plant for the treatment of

malaria.
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