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Abstract

parasitemia in rodents and clinical aspects.

Due to high number of people at risk of malaria, and the emergence of multidrug-resistant strains of Plasmodium, the searching for
alternative treatments, and isolation of antimalarial compounds are urgente.Folk medicine have been used to treat malaria for thousand years.
However, some studies have shown absence of antiplasmodic activity of plants popularly used for treatment. This lack of agreement between the
popular use and laboratory tests requires the application of adequate methods of analysis to prove the efficacy and safety of medicinal plants,
andto determine their potential as complementary therapy or source of isolated compounds as antimalarial drug. This review compared some
methods for evaluating antiplasmodial activity Through the analysis of the methods, the most efficient way to evaluate the activity of plants used
in traditional medicine is use rapid tests as screening, then use microtest to test promising sample, and finally, use in vitro methods to assess
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Introduction

Malaria is a parasitic disease from tropical regions caused
by species of Plasmodium, Plasmodium vivax, P. falciparum,
P. malariae, P. ovale and P. Knowlesi in humans, transmitted by
mosquitoes ofgenus Anopheles. Asapublichealth concern,malaria
presented 212 million new cases and 429,000 deaths in 2015,
and it was considered as endemic in 91 countries in 2016 [1].
The emergence and rapid spread of multidrug-resistant strains
of Plasmodium, has been identified as the major cause of control
failure. Recent evidence suggests parasites resistance to the
nearly all available drugs including the newest ones [2].

Since billionpeople are still at risk of malaria, and emergence
of multidrug-resistant strains of Plasmodium represent a major
problem for treatment, even in combination therapy schemes
[3-5], the searching for alternative treatments, and isolation of
affordable and efficient antimalarial compounds are urgent.

Folk medicine have been used to treat malaria for thousand
years. The traditional use of plants led to the discovery of the two
main groups (artemisinin and quinine derivatives) of modern
antimalarial drugs, after the physician Francesco Torti began

using high doses of the powdered bark of cinchona in patients
which presented signs of malarial fevers, resulting in quinine and
30 more alkaloids isolation in 1820 by Pelletier and Caventou,
based on records of South American natives writtenfirst by Juan
Fragoso and Nicolas Monardes [6-9].

The use of medicinal plants to treat this disease is common
in many countries, especially in regions with low economic
developmentand dificultaccess where health services are limited,
and plants are a sustainable source of treatment. In Zimbabwe,
for example, due to the high use of traditional plant-based
medicines to combat malaria, some surveys have been made
to document how the malaria diagnose is made by traditional
healers, and the mode of preparation and administration of
plants for malaria prevention and treatment [10]. This initiative
not only increases and improves the people participation in the
fight against malaria, but also, preserves local traditions and
knowledge. Brasilian natives also use plants to treat fever and
malaria manly in rural areas or inside the forest, in the heart of
the Amazon. Several studies have reported the exotic and native
species used in Brazil totreatthis condition [11-15].
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However, several studies have also demonstrated that the
popular use of plants is not always justified in the laboratory.
In Mozambique,from 58 extracts tested as antimalarial, only
two showed significant activity (IC50 <5pug/mL) [16]. In Cuba,
another studyevaluated the activity of 14 plant species, in which,
the use of only two was validated [17]. This lack of agreement
between the popular use and laboratory tests requires the
application of adequate methods of analysis in order to guarantee
high reliability of the results, and prove the efficacy and safety
of medicinal plants used as complementary tharapy or isolated
compound as drug treatment as well.

The choice of the appropriate method of analysis should be
made taking into account the number of samples, the feasibility of
the test (equipment, ability of the microscopist and physical lab
conditions), and the particularities of each method. This review
aimed to compare some methods for evaluating antiplasmodial
activity highlighting their advantages and disadvantages in order
to guide the researchers on the choice of the appropriate method.

Methods to evaluate the antiplasmodial activityof
promising drugs

There are several methods to evaluate the activity against
the Plasmodium. The general objective of these methods isassess
the parasitemia aftertreatment with the drug under analysis.
The most common ways to evaluate this is through in vivo and
in vitro essayor chemical tests which use hypoxanthineor other
substances as markers.

For choosingthe method correctly, it is important to keep in
mind that the Plasmodium is a selective species, it means, species
that infect humans do not infect rodents. Plasmodium berghei is
often used for the study of human malaria because of its ability
to infect rodents and relative ease of genetic engineering [18]. In
this context, the main disadvantages of in vivo studies are: genetic
differences between the parasites used in the experiment, and
the parasites that infect humans, and the need for a greater
quantity of test samples than in vitro test, which may limit plant
metabolites tests due to their difficult extraction and the low
yield; As an advantage, in vivo studies have the possibility of
evaluating, besides the reduction of parasitemia, whether the
test sample interferes with disease clinical aspects.

In vitro studies are widely used for plant extracts, fractions
and pure substances screening, and has the advantage of using P
falciparum without high amount of samples. The main techniques
for evaluating antimalarial activity in vitro are: microtest,
incorporation of labeled hypoxanthine, Histidine-Rich Protein 2
(HRP2) and Plasmodium Lactate Dehydrogenase (pLDH). In the
microtest, the antiplasmodic activity can be evaluated after 24h
or 72h of treatment to assess the 1st or 2nd schizogony inhibition
[19]. However, this method requires good microscopy ability,
and the workload is very large due to the number of microscopy
slides, about 32-80 slides for each sample tested. This technique
has also some advantages: it allows to evaluate the parasites

morphology and the parasitemia; In general, if the procedures
are done properly, there is a good repeatability of the results.

The hypoxanthine test came to reduce the microtest
workload. In that test, the parasites are exposed to a radioactive
hypoxanthine thatisincorporated by them, and evaluated in beta-
scintillator [20]. Undoubtedly, this method is very adequated,
but it runs into some limitations: the need for a license from the
National Nuclear Energy Commission to purchase the radioactive
material, and homologate the room where the test will be done.

The pLDH-based testcould be used asa quickand easy strategy
for the screening of active substancesby the identification of
antigensof malaria parasites. This method is currently used to
detect parasites in circulation; however, a recente study revealed
an alternative approach:the enumeration of total parasite
bio-burden by bio-luminescent through commercial ELISA
humanparasite lactate dehydrogenase (pLDH) detection kit in
murine malaria models [21].

Other altenative is theHRP2 that implies in the detection of
malaria parasites’ histidine on the red blood cells. A potential
problem for HRP2-based assays isthe persistence of detectable
antigen for up to severalweeks after parasites eradication. The
advantage of HRP2 and pLDH-based teststhese testsare the
absence of microscopy thatrequires a wellmaintainedequipment,
significanttechnical skills, good-quality reagents
considerable number of slides. Disadvantages are that test
results are qualitative and do notprovide prognostic information,

and a

such as parasite staging. Therefore, these tests, considered as the
fast ones, can be used as screening when the quantity of samples
are large and require a lot of work if all the samples are tested
through the microtest.

Through the analysis of all these methods, the most efficient
way to evaluate the activity of plants used in traditional medicine
for malaria treatment would be better developed bythe following
steps: Choice of in vitro method — active or inactive — perform
in vivo study using P. berghei (to determine parasitemia, clinical
aspects)

Conclusion

In Conclusion, we suggest, based on the advantages and
disadvantages presented in this analysis, that if the number of
test samples is reduced the microtest would be a better option.
When the quantity of samples are large, the rapid tests would be
used as screening before microtest because they do not require
extensive training, and many or wellmaintainedequipment,
besides reducing the amount of work. Lastly, methods in vitro
using P. berghei should be used to assess parasitemia in rodents
and clinical aspects
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