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ABSTRACT

Malaria remains a leading global health threat, especially in low-income regions such as Sub-Saharan
Africa, where traditional antimalarial treatments face increasing challenges due to drug resistance.
Artemisinin-based combination therapies (ACTs) have long been the primary frontline treatment;
however, escalating resistance in Plasmodium species has prompted researchers to investigate alternative
solutions, including plant-derived antimalarials. This study examines the efficacy and safety of plant-
based antimalarial compounds, particularly Artemisia annua, compared to synthetic drugs, considering
traditional knowledge and contemporary pharmacological perspectives. Plant-based compounds may offer
unique advantages, such as multi-target mechanisms and reduced side effects, presenting them as viable
candidates for future malaria treatments. This study highlights the potential of plant-based antimalarials
as sustainable and accessible alternatives, emphasizing the need for further research into clinical efficacy,
safety pharmacology, and collaborative efforts with traditional practitioners.

Keywords: Malaria, Antimalarial resistance, Plant-based antimalarials, Artemisia annua, Artemisinin-
based combination therapy (ACT), Traditional medicine.

INTRODUCTION
Malaria is an infectious disease and has a disproportionately larger impact on low-income families,
specifically children in the Sub-Saharan tropical region. Globally, malaria exacts a huge burden with an
average of 216 million cases and 431,000 deaths in the year 2019. A significant increase in malaria cases,
an estimated 81,000 in 2019 compared with 2015, highlights the occurrence of cross-inducing resistance
among frontline antimalarials. Artemisinin-based combination therapy (ACTs) is the only recommended
first-line treatment. As of now, there are at least 3 hospitals where the situation continues. There lies an
urgent need for safe and effective antimalarials, including those of plant origin, representing an
innovative, environmentally friendly, and sustainable solution, particularly in this peculiar scenario of
developing resistance by the parasites to existing highly sophisticated antimalarials of synthetic sources
[1, 27. The use of plant-based medicines worldwide by humans and domestic animals has been recorded
since ancient civilizations, utilizing a vast array of plant species for health and therapeutic purposes. In
many contemporary and primarily rural settings, plant-based traditional medicine continues to be the
prominent alternative for managing diseases. Concurrently, the interest in herbal medicine continues to
gain attention in modern healthcare settings for many reasons, including cost, perceived naturalness,
historical cultural use, and the notion of little to no side effects. The traditional approach again, probably
after a century, now looks to plant-based remedies as a more natural alternative, which we propose to
provide in this study. Given these considerations, the study evaluated the current situation to provide
comparative information on the efficacy of Artemisia annua in terms of clearance of the parasites from the
patients and thereby alleviation of symptoms of malaria, similar to the recombinant drug. This study is
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also intended to provide pharmacological differences among products, attributable advantages, and
resultant clinical consequences, including possible safety pharmacology studies of relevance such as
molecular pharmacology and effects on reproduction. The study hypothesized that a desired antimalarial
response with minimum side effects and optimal antimalarial response could be achieved with Artemisia
annua [ 3, 47.
Historical Use of Plant-Based Antimalarials
Plant-based traditional medicine holds a wealth of knowledge about the prevention and treatment of
various maladies. Knowledge is traditionally passed down from generation to generation, and many
people have great faith that such remedies are efficacious. Such remedies are well documented in Western
Asia and the Middle East, where ancient texts mention a plant recommended for protection, believed to
be Artemisia annua. Also, in India in the Kadru Veda, there are references to treatment for chills and fever
with Dianthus anuarius, a species reported to be used against malaria from Indo-China to India and on to
the Middle East [5, 6. Another example of successful use of a plant-based antimalarial from ancient
times is quinine. The bark of the cinchona tree was used for centuries against chills and severe fevers by
the indigenous tribes there, prepared by pulverizing the bark and mixing the powder with sweetened
water. The name for bitter, quinia, was originally given to quinine, the active principle, but included the
entire active bark. During an influenza epidemic, soldiers were ordered to take a preventative dose, and
not one died, whereas in the non-treated hospitals, the mortality rate was 30%. Quinine is socially linked
with colonialism in the tropics in the 19th century, displacing the so-called "white man's grave" upwards
and to higher elevations. According to reports, in the late 20th century, a location opened up Australia to
the freshly arriving colonists and explorers with criminal records. Aboriginal people had already been
using M. koeneni as an antimalarial for centuries. The stems were crushed in running water, mixed with
the root of the plant, and chewed.
Current Challenges in Malaria Treatment
Alarming numbers of malaria affect large populations, hinting at some contemporary obstacles in the
control of the disease. Forty-nine countries face continuous disease transmission, with existing
interventions only slightly decreasing the latter. Factors including inadequate or delayed treatment, the
presence of antimalarial drug resistance in various areas of sub-Saharan Africa, vector resistance to
antimalarial drugs, unavailability of treatment or preventive drugs, and increasing human mobility have
been reported as possible causes. With the increasing shortage in activity of public antimalarial drugs,
and the development of new, more efficient, and less expensive antimalarial drugs still far from being
discovered, the discovery of natural compounds that are active against Plasmodium and able to exert their
effects through novel mechanisms of action represents an attractive option. Currently, few antimalarial
drugs are still active. Reactions to antimalarial drugs have been recorded, that is, resistance of
Plasmodium species to existing antimalarials, exacerbated by increasing misdiagnoses and incorrect use
of drugs [7, 87]. The development of new medicines is also hindered by a too-limited portfolio of
antimalarial medication targets. Plasmodium falciparum has a vast genetic diversity in different regions of
the planet. This could mean difficulties in the distribution of new treatments in the world. Furthermore,
the continuous transmission of malaria seems to be much more tied to the socio-economic status of the
population than to symptoms of malaria in low-income countries. In reality, in all four alternative
countries, two large endemic areas of malaria were eradicated, and the control of malaria weakened
simultaneously. The worldwide procurement of new medicines for the threatened populations in 91
countries had to be much more concentrated. Given the present day, the standard two programs will, as
well as an eventual new program, need to be put in place to encourage the re-evaluation of treatments [9,
107].
Plant-Based Antimalarials Vs. Synthetic Drugs
Malaria is a life-threatening infectious disease caused by the parasites of the Plasmodium species. The
emergence of resistance to existing synthetic drugs has encouraged researchers to investigate potential
replacements. One alternative that has been investigated for more than three decades is plant-based
antimalarials. Despite the inroads made, none are in use clinically. The mechanisms of action and clinical
profiles differ widely from synthetic drugs. They may take a short time to act; glycerol-channel blocking
is less harmful, the cocktail effect is beneficial, elimination even in the latent/sleeping stage may be
achievable, and patients can be cured completely; relapses will be less frequent or absent. They are highly
preferable as prophylactics and for mass treatments, especially in closed settings such as refugee camps,
barracks, and prisons, and in children, neonates, pregnant women, and during lactation [11, 127]. A
comparative study involving both human adult male volunteers and patients is warranted before a
consensus can be arrived at. Indeed, two scientists have carried out such a study in the 1940s. In a
laboratory-controlled small setting, they treated more than 120 cases for 2.5 to 6 years and did not find
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any difference in the results between the treatments. This carried out on volunteers is extremely
important in malaria where relapses may occur. Only clinical trials can prove the efficacy and safety of
plant-based remedies in humans. Standard doses have to be included in the trials. There are no standard
effective doses for any of the remedies. Legal and regulatory barriers against safe and effective traditional
medicine are still prevailing in most countries. National guidelines should be prepared on the
standardization of extracts and the preparation of dried and fresh plant parts and formulations [13, 14].
Comparative Analysis of Efficacy and Safety
In the absence of a detailed efficacy and safety analysis, antimalarial plant products and their derived
compounds are considered potential alternative antimalarial drugs against resistant strains of
Plasmodium and lead to new synthetic antimalarial agents [16-187. In this mini-review, we compare the
efficacy and safety of a range of antimalarials from various plant sources and their respective derived
antimalarial compounds, all evaluated based on relevant clinical trial data. In the absence of clinical trial
data, compound activity alone, based on standard in vitro bioassays, is verified to be superior to synthetic
standards where relevant [2, 157. Clinical efficacy data and case studies are often considered more
relevant than in vitro drug susceptibility profiles due to the natural variation in both pharmacokinetics
and dynamics in a human population. Several herb-drug pharmacological studies evaluated, at least in
part, the effect of concomitant use of antimalarial herbal teas or long continuous use of antimalarial herbal
capsules over 6—-10 weeks on the PK exposure of conventional drugs [19-207. Antimalarial herb teas in
combination with artemether-lumefantrine and intravenously administered riboflavin-G6PD showed a
trend of inhibition in vivax malaria, with a 3-day treatment already reducing parasites in comparison with
7-day ACT treatment alone [21-247]. Other pharmacological studies describe clinical evidence of herb-
drug interference and include an acceleration in kinase inhibitor clearance, accelerated excretion of
lopinavir, and a decrease in platelet aggregation in severe malaria patients taking Carica papaya alone in
comparison with conventional quinine treatment. Pharmacological and other evidence may assist in
determining combination treatment regimens with plant-based products [16, 177].
Future Directions
This study revealed that plant-based antimalarials exhibit varied activities in influencing the growth,
development, and reproduction of Plasmodium in the mosquito host. There are indicators that plant-
based antimalarials can be composed of a blend of phytochemicals to synergize the effect of each
phytochemical. These preliminary findings provide a basis for future computational and experimental
investigations. Additionally, they highlight the value of using traditional medicine and innovative
approaches in vector control strategies. More in-depth computational analyses and in vivo phenotypic
experiments are avenues for further research. Since P. berghei and P. falciparum possess different
pathologies and vectors, the next step will be to perform in vivo experiments using these two species.
Clinical studies to validate the use of plant-based antimalarials are also essential to prove that these
methods are worth exploring. Collaboration between traditional medicine practitioners and healthcare
has potential benefits. Healthcare professionals are encouraged to work with traditional medicine
practitioners to bring innovative medicinal plants and their preparations to the population. In light of
these considerations, a future direction for this study will be to directly characterize the biological
composition of clinic referral plants using NMR and High-Resolution Mass Spectrometry. Because plant
medicinal properties are associated with numerous phytochemicals, characterizing the biological
composition of clinics for plant medicinal purposes is imperative. Indigenous communities possess
valuable knowledge that may be of value in research that may decide the future of global well-being.
Global collaboration among researchers who specialize in traditional medicine and healthcare innovations
is becoming more and more critical. Despite significant investment in the field of health, the spread of
malaria still presents a significant threat, particularly in tropical regions. Future international efforts
should examine new strategies, such as the current one that addresses plant-based antimalarials, which
attempts an original and unframed methodology approach that focuses on lab-on-a-chip technology,
computational molecular design, and analyses with a direct bearing on malaria transmission as a way
forward to address the disruption [18, 197.
CONCLUSION
The findings emphasize the promising potential of plant-based antimalarials, notably Artemisia annua, as
alternatives to synthetic drugs in the ongoing fight against malaria. The historical success of plant-
derived compounds like quinine exemplifies the therapeutic promise of plant-based antimalarials. By
incorporating traditional knowledge, we can address the need for alternative, sustainable treatments that
could alleviate the burden of resistance in malaria-endemic regions. Future studies should focus on
refining the pharmacological properties of these plant-based compounds, conducting rigorous clinical
trials to establish safety and efficacy, and fostering collaborations between traditional medicine
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practitioners and modern healthcare systems. These efforts could unlock the benefits of natural

compounds in antimalarial therapy and contribute to the global eradication of malaria.
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