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ABSTRACT

Background: Malaria is an illness caused by Plasmodium parasites and transmitted by Anopheles mosquitoes and is still a
worldwide threat today, further complicated by emerging resistance to antimalarial drugs. Plant-derived bioactive compounds
known as phytochemicals can be used as an alternative or complementary treatment to chemical-based antimalarial drugs.
Aim: This narrative review aims to discuss the mechanisms of action and clinical efficacy of various phytochemicals in
malaria treatment. Methodology: Reputable science-based databases such as PubMed, Scopus, Web of Science, and Google
Scholar, were used to a great extent to obtain data on this subject within the last decade. The impact of artemisinin, quinine,
curcumin, nimbolide, berberine, and other related compounds on the Plasmodium parasites and their effects on growth and
the host immune response were examined. The in vitro and in vivo investigations along with comprehensive clinical trials
that compare the mechanism, efficiency, toxicity, and applicability of these phytochemicals in today’s therapeutic
management procedures were discussed. Results: The study highlights the importance of phytochemicals in malaria control,
particularly in developing treatment protocols and preventing drug resistance. It calls for further research to enhance the
effectiveness of phytochemical-based treatments, explore synergistic effects, and address current shortcomings in malaria
treatment. Conclusion: These results suggest that phytochemicals can be valuable components of a holistic approach to treat
malaria and may actively contribute to worldwide initiatives for eliminating malaria.
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INTRODUCTION
Malaria is an infectious disease that affects humans.
It is caused by parasitic organisms in the
Plasmodium genus and transmitted to humans
through a bite from a female Anopheles mosquito
[1]. It is common in sub-tropical and tropical
climatic regions, with significant incidences
reported in sub-Saharan Africa, South Asia, and
parts of South America [2]. Despite various
worldwide attempts at its control and eradication,
malaria still poses a significant threat to global
public health because of multiple factors, including
the numerous facets of its life cycle, the efficiency
of transmission, and issues concerning diagnostics,
treatments, and interventions. There are five
Plasmodium species that infect humans, these
include; Plasmodium falciparum, Plasmodium
vivax, Plasmodium ovale, Plasmodium malariae,
and Plasmodium knowlesi [3]. Malaria transmission
involves several key stages. These include the
sporozoite stage, liver stage, blood stage, and
gametocyte stage [4]. Symptoms of malaria are
numerous and may include: uncomplicated malaria,
which comes with fever, chills, headache, and
malaise; severe malaria, which has serious
complications such as cerebral malaria, severe
anaemias, renal failure, hypoglycemia, among
others; and serological tests [5]. Malaria diagnosis
involves microscopy, rapid diagnostic tests (RDTS),
polymerase chain reaction (PCR), and serology.
Treatment depends on the species, severity, and time
of the clinical sign, as well as the geographical
location of the affected patient [6]. Uncomplicated
falciparum malaria is treated using artemisinin-
combined therapies ACTs, while complicated
falciparum malaria is treated with intravenous or
intramuscular  artesunate or quinine  before
completing a full course of ACTs once the patient is
stabilized [7]. Some control measures include
vector-borne control, chemotherapy, and vaccines.
Malaria is still a significant challenge to global
health, especially in the tropical and subtropical
parts of the world[8]. However, there are still many
issues that need attention today. These are drug
resistance, the few drugs that are available on the
market, poor access to treatment, more than one
disease at the same time, a lack of accurate
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diagnostic tools, the difficulty of controlling the vectors,
and economic and political instability [9]. The
emergence of drug-resistant strains of Plasmodium,
especially  Plasmodium  falciparum, compromises
current antimalarial regimens. Another alarming issue is
the lack of a pipeline of new antimalarial agents, which
can be concerning in the future. Interaction with other
diseases and illnesses hinders treatment and care, while
diagnostic methods may not be sufficient enough to
diagnose the disease correctly or on time [10]. A
complex solution is necessary to overcome these issues,
which involves the creation of new drugs and diagnostic
tools, enhancement of healthcare systems, treatment
availability, and continuity of vector control [11] .
Flavonoids, alkaloids, terpenoids, and other plant-
derived compounds that are referred to collectively as
phytochemicals showed potential antimalarial effects in
many researches [12]. Contemporary studies on
phytochemicals with the ability to combat malaria have
emphasised the significance of natural compounds
obtained from African medicinal plants. An exhaustive
analysis of chemicals examined from 2013 to 2019
found that terpenoids, flavonoids, alkaloids, and
quinones were the predominant categories exhibiting
anti-malarial effects [13]. Previous computational
investigations have successfully identified possible
antimalarial phytochemicals derived from Euphorbia
hirta. Among these, isorhamnetin and pinocembrin have
shown potential as inhibitors of plasmepsin [14]. In view
of the growing resistance to anti-malarial current
therapies, these results highlight the potential of plant-
derived chemicals in the development of novel
antimalarial medications.

Another example is artemisinin, which has
revolutionised malaria therapy, but the extent of
phytochemicals having antimalarial potential has not
been fully explored [15]. The actions of phytochemicals
against Plasmodium parasites are diverse, such as direct
anti-plasmodial effects on growth and replication,
disruption of oxidative stress, alteration of host immune
response, and interference with haemoglobin
metabolism [16]. Appreciation of such mechanisms is
important in uncovering new drug targets and finding
better treatment modalities. The goal of this study is to
establish the ability of phytochemicals to influence
malaria treatment and their mechanism of action. It is
important  to  know the interaction between
phytochemicals and antimalarial drugs as an adjunct to
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conventional therapy, which may also delay the
occurrence of resistance. A thorough synthesis of
the literature on phytochemicals’ anti-malarial
mechanisms of action and effectiveness is thus
warranted to define areas for further investigation
and quide practice. The use of effective
phytochemicals in malaria treatment can highly
influence the well-being of people in the world since
it creates more treatment options that can be
implemented in the scarce resource zone. This
review will elucidate the mechanism by which
phytochemicals exert their antimalarial effects and
assess the efficacy of clinical trials.

METHODOLOGY
Literature Search Strategy
Databases Utilized: An electronic search was
conducted to identify any publications pertaining to
the role of phytochemicals in the treatment of
malaria. The scientific databases PubMed, Scopus,
Web of Science, and Google Scholar were used for
the analysis.
Search Terms: These following terms were used in
the search: phytochemicals, malaria treatment,
antimalarial activity, mechanism of action, clinical
effectiveness, plant-derived antimalarials, quinine,
artemisinin, curcumin, and other phytochemicals.
Inclusion and Exclusion Criteria: The literature
search was restricted to human, peer-reviewed
articles, clinical trial reports, preclinical studies, and
English-language review articles published in the
last 10 years. The selection criteria included the type
of study, phytochemicals, outcome measures, and
language. Studies on malaria treatment or
phytochemicals somewhat related to malaria
treatment, articles that were not written in English,
and articles that were not peer reviewed were some
of the articles that were excluded.

Data Collection, Extraction, and Synthesis:
Information was gathered from chosen publications,
outlining the mode of operation, effectiveness, and
toxicity of selected compounds. A general structure
of results was followed to include concise overviews
of the highlights of the study. The study compared
the clinical effectiveness and the pharmacological
effects of phytochemicals as malaria treatment
approaches plus their possibility of augmenting

https://kjhs.kiu.ac.ug

Phytochemicals in Malaria Treatment

conventional therapy.

PHYTOCHEMICALS WITH ANTIMALARIAL
ACTIVITY

Phytochemicals are a resource of potential antimalarial
compounds with multiple actions, which include the
generation of oxidative stress, inhibition of relevant
metabolic processes, and damage to the cell structures of
the parasites. This knowledge has contributed to the
understanding of new therapeutic approaches and the
synthesis of new antimalarial molecules [17]. It was also
evident that many phytochemicals, when administered
together with conventional antimalarial drugs, showed
synergistic effects. For instance, flavonoids such as
quercetin can increase the activity of chloroquine, and
curcumin - shows promising results showing an
augmentation of artemisinin activity [18]. These
combinations not only enhance the therapeutic
(curative) efficacy but also assist in the prevention of
resistance.

Alkaloids: Quinine, one of the oldest and most effective
antimalarial agents, is obtained from the bark of the
Cinchona tree. Allosteric hindrances affect the ability of
the parasite to metabolise heme, which results in
continued heme accumulation and ultimately the death
of the parasite. Quinine is considered the starting point
for the creation of synthetic antimalarials like
chloroquine [19]. Artemisinin is derived from Artemisia
annua, while artemisinin and its derivatives are currently
the main tools used in the fight against malaria. These
sesquiterpene lactones thus exhibit their antimalarial
property by generating reactive oxygen species (ROS) in
the parasite, affecting its proteins and membranes [15].
Artemisinin-based combination therapies (ACTs) are
very potent against the P. falciparum parasite [20]. An
isoquinoline alkaloid isolated from several plants,
namely Berberis species, berberine was found to possess
antimalarial activity by interfering with the formation of
nucleic acids and proteins in Plasmodium. It also
interferes with the stability of the membrane in the
parasitic organism [21]. More so, ajmalicine is an
alkaloid obtained from Rauwolfia serpentina that
inhibits several metabolic enzyme pathways that were
found to exhibit antimalarial properties [22].
Terpenoids: Limonene and linalool are terpenoids that
interfere with the parasite’s cellular functions; however,
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they are less effective than artemisinin. The
diterpenoid lactone isolated from Andrographis
paniculata, andrographolide, has been reported to
have potential antimalarial effects in preclinical
studies, which may involve suppression of parasite
development and regulation of the host’s immune
system [23].

Flavonoids: Quercetin is a common flavonoid and
has been reported to possess antimalarial properties
through controlling the parasite’s growth and
affecting oxidative stress. It also increases the
effectiveness of standard antimalarial drugs
whenever they are combined with this one [13].
Another flavonoid with antimalarial activity is
apigenin, which interferes with the mitochondrial
activity of the parasite, which affects energy
metabolism and leads to the death of the parasite
[24]. According to Adeoye and colleagues, apigenin
and quercetin suppress the synthesis of p-hematin.
Their molecular docking research conducted in
silico demonstrated that apigenin exhibits the
greatest binding affinity and possesses the
maximum number of hydrogen bonds. They thus
proposed that apigenin and quercetin may function
as inhibitors of calcium transport proteins that are
linked to malaria [25].

Polyphenols: Curcumin, the active compound of
Curcuma longa (turmeric), has proved to possess a
wide range of antimalarial properties. It modulates
several processes within the Plasmodium parasite,
such as the formation of ROS, preventing the
polymerisation of heme, and interfering with
cellular signaling [18]. Curcumin is also being
investigated for its ability to improve the
effectiveness of current antimalarial drugs and for
overcoming drug resistance [26]. Resveratrol is a
polyphenolic compound that is found in grapes and
berries and has been observed to possess
antimalarial activity in vitro, mainly through the
induction of oxidative stress in Plasmodium and
inhibition of its growth [27].

MECHANISMS OF ACTION OF
PHYTOCHEMICALS AGAINST MALARIA

Inhibition of Plasmodium Growth and
Replication
Phytochemicals act against the Plasmodium species
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at different developmental stages by preventing the
growth and multiplication of the parasite. It is worth
mentioning that alkaloids like quinine and berberine
affect the development and reproduction of malignant
parasites [28]. Quinine, which is obtained from the bark
of Cinchona trees, cannot be metabolised by the malaria
parasite into a form known as hemozoin, and this is toxic
to the parasite [29]. Berberine, which is present in
Berberis species, prevents the parasite from copying and
repairing its DNA, thereby slowing its development and
reproduction [30]. Quercetin and kaempferol, two types
of flavonoids, exert antimalarial effects by inhibiting the
enzymatic actions of the parasite. Quercetin has also
been shown to inhibit dihydroorotate dehydrogenase, an
enzyme in pyrimidine synthesis that is important for the
parasite’s DNA replication [31]. Kaempferol stops the
action of lactate dehydrogenase, which in turn affects the
energy production process of the parasite and thus the
death of the parasite [32].

Induction of Oxidative Stress

Oxidative stress may be defined as an imbalance
between the generation of reactive oxygen species
(ROS) and the antioxidant system, wherein ROS take
precedence [33]. Some phytochemicals cause oxidative
stress in the parasite, which in turn leads to its death.
Artemisinin’s activity is triggered by heme or iron
within the parasite leading to the production of ROS.
These ROS lead to the oxidative damage of the
parasite’s cellular structures, such as lipids, proteins, and
DNA. This results in oxidative stress that affects the
cellular membranous structure of the parasite, which in
turn causes the parasite’s death [34]. Worthy of note is
that artemisinin has a different mode of action compared
to other antimalarial drugs, which makes it very
effective, especially against drug-resistant strains of
Plasmodium. Furthermore, curcumin, a polyphenol
derived from Curcuma longa (turmeric), causes
oxidative stress in Plasmodium parasites by enhancing
ROS production and reducing the parasite’s antioxidant
capacity. This dual action causes a lot of harm to the
parasites’ cellular machinery and eventually results in
death  [18].  Furthermore,  curcumin  has
immunomodulatory effects that help the host combat the
disease [35].

Modulation of Host Immune Response
Phytochemicals can always alter the immune system of
the host to enable it to fight off the Plasmodium parasite
[35]. For instance, curcumin has been shown to increase
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the levels of pro-inflammatory cytokines and the
phagocytic activity of macrophages, thereby
expediting the elimination of the parasite [36].
Polysaccharides from Ganoderma lucidum (reishi
mushroom) can exert immunomodulatory effects to
improve the clearance of Plasmodium parasites in
the host. These compounds enhance the secretion of
pro-inflammatory  cytokines and enhance the
functions of immune cells, including macrophages
and natural Killer cells [37]. Through enhancement
of the immune system of the host, polysaccharides
assist in eradicating the parasite from the body.
Plants like Panax ginseng, which contains saponins
known as ginseng, have been seen to increase the
host’s immunity against Plasmodium. They
stimulate the macrophages and enhance the
synthesis of cytokines that lead to the clearance of
the infected red blood cells [38]. Saponins have also
been shown to have direct antiplasmodial effects by
impairing the cell membrane of the parasite. Using
an ethanol extract of V. amygdalina leaf, Omoregie
and colleagues assessed the in vivo antiplasmodial,
antioxidant, and immunomodulatory properties. The
results indicate that the ethanol extract of V.
amygdalina leaf exhibited activity and a modulatory
effect on the immune system against P. berghei
infection [39].

Interference with Hemoglobin Metabolism

The digestion and utilization of host hemoglobin to
obtain amino acids is an important function that is
vital for the survival of the parasites. Some
compounds like quinine interferes with this process
hence allowing the toxic heme to build up within the
parasite and prove fatal to it [40]. Quinine and
quinidine are stereoisomers that interfere with the
metabolism of hemoglobin in the Plasmodium
parasite. These compounds inhibit the formation of
hemozoin thus hindering the detoxification of heme
which is a byproduct of hemoglobin digestion. The
buildup of toxic heme within the parasite brings
about its death [41]. The triterpenoids from
Azadirachta indica (neem) act on the hemoglobin
metabolism of the Plasmodium parasites. These
compounds suppress the enzymes that are required
in the breakdown of heme thus provoking the
buildup of toxic products. This interference in the
heme biosynthesis leads to the production of
reactive oxygen species and injury to the parasite
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culminating in its death [42].

Disruption of Mitochondrial Function

Artemisinin and its related compounds (artesunate and
artemether) belong to sesquiterpene lactones, which act
on the mitochondria of Plasmodium parasites. These
compounds interfere with the electron transport chain,
thus causing depolarisation of the mitochondrial
membrane and halting ATP synthesis. The energy crisis
that occurs within the parasite as a consequence of the
virus leads to the death of the parasite [43]. Artemisinin
and its derivatives are particularly effective in
eradicating multi-drug-resistant strains of Plasmodium.
For instance, Punica granatum (pomegranate), which are
phenolic compounds, have been known to interfere with
the mitochondrial processes in Plasmodium parasites.
These compounds affect the function of certain enzymes
in the mitochondria and therefore reduce ATP
generation and increase ROS formation. It leads to
mitochondrial dysfunction and oxidative stress that are
toxic to the parasite and lead to its death [44].

IN VITRO, IN VIVO AND CLINICAL EFFICACY
OF PHYTOCHEMICALS IN MALARIA
TREATMENT

Phytochemicals have been investigated in vitro (cell
cultures) and in vivo (animal models) to assess their anti-
malarial activity. These studies have given a clue about
the effectiveness of plant extracts in treating malaria and
the way they work to hinder the growth of Plasmodium
parasites. Similarly, there are lots of clinical trials on the
anti-malarial efficacy of phytochemicals.

Artemisinin and Derivatives: In vitro experiments
involve assessing the impact of phytochemicals using
cultured  Plasmodium  parasites,  particularly
Plasmodium falciparum, which is the most pathogenic
cause of severe malaria. The compound causes oxidative
stress and denatures parasite proteins and membranes,
thus leading to the quick elimination of the parasites. In
vitro, artemisinin has also been found to be active
against strains of P. falciparum that are resistant to other
antimalarial drugs, hence placing it as a valuable drug in
the treatment of malaria [45]. In vivo trials involve
evaluating the efficacy of phytochemicals in animal
models, usually rodents infected with Plasmodium
species, and these have established that artemisinin and
its congeners are very potent in eradicating Plasmodium
parasites in animal models. These compounds quickly
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decrease the level of parasites in the blood and
increase the patient’s survival, outcomes that have
been supported by later human clinical trials [5].
Artemisinin’s effectiveness in vivo has also been
documented in combination treatments that assist in
slowing down resistance.  Artemisinin-based
combination therapies (ACTs) are the first-line
treatment options for malaria, specifically for P.
falciparum malaria. The efficacy of ACTs has been
established to be high across different trials, with
ACTs providing fast parasite clearance and high
cure rates [46]. According to WHO, ACTSs are the
preferred treatment for uncomplicated falciparum
malaria. The side effects of artemisinin and its
derivatives are few and mild. The side effects
include nausea, dizziness, and headaches. Side
effects are generally mild but may include an
allergic reaction and liver enzyme elevation [47].
Initially employed for the treatment of malaria,
artemisinin and its derivatives have demonstrated
considerable promise in the treatment of a range of
disorders beyond malaria. Recently, Huang et
al.[48], reported that artemisinin has the potential to
be both safe and efficacious contenders for the
treatment of  cancer, parasite infections,
inflammation, and dermatological conditions in
their clinical research. According to Liu and
colleagues, the broad range of biological activity of
artemisinin is attributed to its distinctive peroxide-
containing structure [49]. In comparison to quinine
and other artemisinins, artesunate, a hydrophilic
artemisinin ~ derivative, has shown greater
effectiveness in the treatment of severe malaria [50].
However, Khanal opines that the development of
resistance in Plasmodium falciparum is mainly
caused by mutations in the Kelch13 protein, and thus
presents a significant obstacle to the effectiveness of
antimalarial treatments [50]. Current research
activities are focused on enhancing the
pharmacological characteristics of artemisinin
derivatives in order to address clinical constraints
such limited solubility, inadequate bioavailability,
brief in vivo half-life, as well as the recent
development of artemisinin-resistant strains [51].
Additional comprehensive clinical trials are required
to thoroughly investigate the antiviral capabilities of
these substances [48].

Quinine and Quinidine: Quinine, derived from the
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bark of Cinchona trees, has been effective in the
management of malaria for many years. Nonetheless,
quinine is still effective, especially for severe malaria,
though it comes with side effects. Quinine was initially
tested in culture, where it was shown to suppress the
growth of P. falciparum by preventing the parasite from
breaking down heme that is toxic to the parasite [52].
Following these findings, it became popular for the
treatment of malaria. In animals, quinine has been
shown to be efficient in treating malaria by decreasing
parasitemia  and  preventing  severe  malaria
complications. Quinine has been proven safe and
effective in vivo, especially for patients with severe or
drug-resistant malaria [53]. Quinidine is a stereoisomer
of quinine but is also used in clinical situations, although
not as often as quinine. Quinine has been exploited for a
long time in the treatment of malaria. It is active against
Plasmodium falciparum and is used in severe malaria or
where ACT is not an option. Clinical trials have
established its efficacy in decreasing the parasite load
and alleviating the symptoms, though it is less potent
than ACTs [54]. Quinine is usually administered with
other antimalarials, such as doxycycline or clindamycin,
to enhance effectiveness and shorten the course of
treatment [55]. Quinine has been reported to cause side
effects like tinnitus, dizziness, and gastrointestinal
symptoms. Serious side effects include cinchonism,
characterised by headaches, nausea, and changes in
vision; the risk of hypoglycemia; and cardiotoxicity
[54].

Curcumin: Curcumin has been reported to have an anti-
parasitic effect in vitro, where it is able to induce the
generation of ROS and interfere with the cellular
pathways of P. falciparum. The anti-heme
polymerisation effect of curcumin has also been
confirmed in various studies [18]. Several in vivo studies
have confirmed that curcumin could decrease the
parasites in the bloodstream of rodent models of malaria.
Recently, Gupta and his colleagues investigated the
possibility of curcumin in the treatment of malaria. They
reported that curcumin demonstrated a wide range of
pharmacological capabilities in combating several
disorders, including malaria [56]. According to
Kunwittaya et al.[57], curcumin exhibited antimalarial
efficacy when tested in vitro, with an 1C50 value of
around 10 puM. Additionally, it has been shown to
protect endothelium cells against apoptosis in models of
cerebral malaria [57]. Similarly, the efficacy of
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nanotized curcumin has been demonstrated to be
enhanced, as evidenced by a ten-fold increase in
growth inhibition of Plasmodium falciparum in vitro
(IC50: 0.5 uM) as compared to natural curcumin
[58]. Furthermore, comprehensive elimination of
parasites and extended survival were shown in P.
berghei-infected mice through in vivo experiments
with nanotized curcumin [58]. When used in
conjunction with other antimalarial treatments,
curcumin  has been shown to increase the
effectiveness of the drugs, indicating that it may
have potential as a supportive treatment. However,
one has to agree with the fact that there are several
drawbacks when it comes to the issue of curcumin
bioavailability; hence, further research on better
delivery systems is ongoing. Curcumin is an
example of an antimalarial compound that has been
evaluated in preclinical studies and some clinical
trials. It has also demonstrated its efficacy in
controlling parasitemia and its clinical manifestation
in uncomplicated malaria patients. However, its
effectiveness and applicability as a monotherapy
remain somewhat more questionable in comparison
to ACTs [18]. Nonetheless, curcumin is considered
to be safe when taken at the recommended doses.
Adverse effects are rare and can be characterised by
gastrointestinal symptoms such as nausea and
vomiting. To note, high doses of medications may
cause severe side effects. Curcumin has many ways
of combating malaria that are not easily resistant to
drugs, which makes it a potential candidate for
malaria control. However, larger randomised
controlled trials are required to evaluate its
effectiveness in other patients and determine the
right dosage schedule [59].

Nimbolide: Nimbolide, a compound isolated from
Azadirachta indica (neem), has been tested in
clinical trials, revealing antimalarial properties and
aiding in parasite clearance. It is thought to exert its
effects by suppressing the reproduction of the
parasites and regulating the immune system. The use
of nimbolide is safe, as shown in clinical trials, with
little to no adverse effects on the body. It is believed
to be safe when used at the recommended doses, but
more studies are required to determine its safety
when used for an extended period. Recently, Maafoh
and Onyedibe reported that the extract of A. indica
to suppressed microgametogenesis and disrupted
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parasite development and thus provides evidence for its
potential as a malaria treatment [60]. Despite the
encouraging results obtained in laboratory settings,
additional in vivo investigations are required to confirm
its effectiveness. Moreover, the exploration of
alternative therapeutics is of utmost importance to
address the growing resistance to artemisinin-based
combination therapies (ACT) [60]. Although the anti-
cancer effects of nimbolide have been thoroughly
investigated, its potential in the treatment of malaria has
not been well explored, thus requiring further research
to validate its therapeutic capabilities [61].

Berberine: Berberine, an isoquinoline alkaloid derived
from the Berberis genus, has been tested in vitro and was
seen to affect P. falciparum by preventing nucleic acid
and protein synthesis. It also affects the cell membrane
of the parasite in a way that causes the death of the
parasite [62]. In a study in 2015, berberine exhibited
protective properties against spleen damage caused by
Plasmodium chabaudi in mice, by decreasing
parasitemia and enhancing splenic structure [63].
Preclinical studies have shown that berberine decreases
the parasite load and enhances the overall survival in
animal models of malaria. The effects of Berberine on
the immune response and host defence systems have
also been reported, which is another factor that
contributes to its antimalarial actions [64]. A recent
extensive review study has shown that berberine
possesses antimalarial properties in both animal and
human trials. It seems to cause the death of Plasmodium
parasites by interfering with their metabolism and
preventing them from multiplying [15]. Although not
chemically berberine, the closely similar substance
bergenin demonstrated strong antimalarial effects
against Plasmodium falciparum in laboratory settings
and in live mice infected with P. berghei, with minimal
toxicity, according to a study by Liang and colleagues
[65]. Similarly, Chandel et al. [66] demonstrated that an
aqueous extract of Berberis aristata roots, a plant
commonly employed for the treatment of malaria,
exhibited encouraging antiplasmodial effects against P.
berghei in both laboratory and animal settings. The
extract showed dose-dependent suppression of
chemosuppression and an extended average survival
time in infected mice. Berberine is known to have only
mild side effects and is not toxic when taken at the
correct dosage. There is a possibility of exploring the use
of berberine alongside conventional antimalarial
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treatments to enhance efficacy and minimise
toxicity. Initial research studies show that such
combinations may be useful, although further study
is required. Some of the side effects described
include gastrointestinal symptoms and allergies,
which are generally not very severe [67].

Andrographolide: Andrographolide obtained from
Andrographis paniculata has been proven to exhibit
potent antimalarial effects in vitro through the
suppression of the growth of P. falciparum. It seems
that the compound affects the ability of the parasite
to carry on its energy metabolism within the
mitochondria, thereby inhibiting growth [23]. In
animal models, andrographolide has been able to
reduce parasite load and enhance the survival rate.
Ioraheem and team reported that andrographolide
showed the capacity to counteract chloroquine
resistance in Plasmodium falciparum either by
impeding the process of chloroquine accumulation
or impacting the biological activity of the parasite
[68]. In response to the limited water solubility and
instability of andrographolide, scientists have
devised nanoparticle  formulations,  namely
andrographolide-carboxymethyl chitosan
nanoparticles, which have enhanced the dissolution
of the medication and its antimalarial effects in mice
infected with  Plasmodium  berghei  [69].
Notwithstanding these encouraging findings,
additional investigation is required to thoroughly
assess the potential of andrographolide as an
antimalarial drug or supplementary treatment [70].
In a clinical trial in Indonesia, andrographolide has
been found to reduce the parasite density and also
improve the symptoms of patients with malaria in
early phase clinical trials [71]. However, further
studies with larger sample sizes and a more
randomised controlled trial design must be
conducted to assess the efficacy and adverse effects.

SOME HUMAN TRIALS EVALUATING THE
EFFECTIVENESS OF PHYTOCHEMICALS

Preclinical studies should provide baseline data on
safety, efficacy, and pharmacology, while human
trials focus on phytochemicals’ ability to treat
malaria. Artemisinin from Artemisia annua has been
extensively tested in clinical trials to quickly
eliminate P. falciparum and decrease malaria-related
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mortality. Clinical studies have demonstrated that
artemisinin and its derivatives, including artesunate,
artemether, and dihydroartemisinin, effectively and
rapidly eliminate P. falciparum and decrease malaria-
associated  mortality  [72].  Artemisinin-based
combination therapies (ACTSs) have been ascertained to
be the global benchmark when it comes to treating
uncomplicated and severe malaria [73].

Quinine has been in use for a long time as it is capable
of lowering the number of parasites in the blood of a
patient with malaria and also prevents complications in
severe cases. However, they have been associated with
adverse effects like cinchonism and hypoglycemia and
are not as popular as the newer drugs. Quinine is usually
used in association with other antimalarials, such as
doxycycline or clindamycin, in clinical settings [53].
These combinations have been found to improve the
outcome of treatment and reduce the duration of therapy
in areas of high drug resistance. In Uganda, Yeka et al.
[74] revealed that dihydroartemisinin-piperaquine
demonstrated superior performance compared to both
quinine and artemether-lumefantrine in treating
recurrent malaria, while also reducing the likelihood of
recurring infection. Curcumin is a polyphenol obtained
from Curcuma longa and has been used in several
clinical trials as an adjuvant therapy. In their systematic
review, Khairani et al. [75] pointed out that curcumin
enhances the efficacy of antimalarial drugs, including
artemisinin, by reducing parasitemia and protecting
malaria-induced oxidative stress.

Latest research has emphasised the capacity of alkaloids
as antimalarial agents, specifically targeting the
increasing worry about drug resistance in Plasmodium
parasites [76]. Among the alkaloids, the isoquinoline
alkaloid berberine, which is extracted from Berberis, has
been investigated in human intervention trials to a lesser
extent than artemisinin or quinine. It also appears to be
more effective when used in combination with other
antimalarial drugs [21]. According to Arenaetal. [77]in
the scoping review, berberine has the effect of reducing
the parasite load and improving symptoms in patients
suffering from malaria in the initial phases of the clinical
trials on human subjects. However, further studies
should be performed to evaluate its use in clinical
scenarios. Several studies have investigated the efficacy
of andrographolide, a diterpenoid lactone from
Andrographis paniculata, in humans as an antimalarial
agent. Preliminary findings show that anrographolide
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can decrease the parasite density and ameliorate the
clinical signs in patients with uncomplicated malaria
[23]. The efficacy of A. paniculata ethanolic extract
capsules, at a dosage of 250 mg, taken three times
daily for five days, against malaria vivax, malaria
falciparum, and mixed malaria patients in an open
clinical study conducted in a malaria-endemic area
in Indonesia, was estimated to be 94.2%. No adverse
reactions were indicated during the course of
treatment [71]. However, these trials are still early,
and more research is needed within a larger and
more diverse sample population to intensify proof of
effectiveness. Apart from the phytochemicals,
several other plant products and local herbal
medicines used by communities across the world
have also been tried on human beings. For instance,
studies have been conducted on the extracts of plants
such as Azadirachta indica (neem) and species in the
Cinchona group with regard to their antimalarial
effects [78]. Recent research has investigated the
potential of Azadirachta indica (neem) in the
prevention and treatment of malaria. A
comprehensive analysis revealed that neem is
efficacious in alleviating symptoms of malaria,
however the evidence about its antiparasitic
activities is still equivocal [79]. Similarly, another
evaluation underscored the potential of neem in
suppressing malaria parasites but stressed the
necessity for additional investigation [80]. Taken
together, some human trials have demonstrated
favourable effects, but most of them can hardly be
considered conclusive and usually lack the level of
controlled conditions necessary for large-scale
application.

CHALLENGES AND FUTURE DIRECTIONS

1. Standardization and Quality Control: This is
one of the major concerns in the clinical application
of phytochemicals because of the issues of
variability in the mixture of phytochemicals in the
extracts. Differences in plant species, growth
conditions, and extraction techniques may influence
the amount and potency of phytochemicals, which
can impact both effectiveness and side effects [81].
2. Drug Resistance: Phytochemicals are not devoid
of the risk of resistance development, though they
are relatively less prone than synthetic drugs. This
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risk can be reduced by frequent follow-up and a
combination of therapies [82].

3. Integration into Conventional Therapy:
Phytochemicals have to be incorporated into standard
antimalarial drug regimens and their safety, efficacy,
and dosing have to be determined through clinical trials.
Combinations with other antimalarial drugs could
improve efficacy and decrease the chances of resistance
[15].

4. Challenges and considerations in human trials:
There are several challenges associated with
phytochemicals in human trials such as, variability in
plant extract content, low solubility and poor absorption,
safety issues and ethical issues. This is because
standardization of extracts is very important in order to
achieve accurate results while new and improved drug
delivery systems such as nanoparticles and liposomes
are being developed to overcome these challenges [83].
Although phytochemicals are believed to be harmless,
some may have negative effects and the trials must look
out for toxicity and side effects. Ethical issues are also
important, especially in areas where conventional
treatment is not readily available, to make sure that
participants are well informed on the possible
consequences and advantages of the treatment [84].

Conclusion

Phytochemicals have emerged as valuable commodities
in the fight against malaria as they present various
modes of action and improve clinical outcomes. The
most famous phytochemical is artemisinin, which has
changed the face of malaria treatment worldwide by
being the key component of artemisinin-based
combination therapies (ACTSs). Other phytochemicals,
such as quinine, curcumin, berberine, and
andrographolide, have also been found to be effective,
either alone or in combination with the current
conventional antimalarial drugs. These compounds have
been shown to effectively prevent the growth of
Plasmodium parasites through various modes of action,
which include the generation of reactive oxygen species,
disruption of parasite metabolism, and modulation of
cellular signals. These studies have laid a good stage for
clinical research, which showed some of the
phytochemicals can help in decreasing parasitemia and
enhancing the health of the patients. Nevertheless, the
application of many phytochemicals in clinical practices
has several drawbacks, such as low bioavailability, lack
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of standardisation, and possible adverse effects.
However, present studies and developments in drug
delivery systems provide new hope for the
establishment of potent and credible phytochemical-
based treatments. The  effectiveness  of
phytochemicals in the treatment of malaria therefore
emphasises the role of natural products in drug
discovery. This is because, as resistance to
conventional antimalarials persists as a major
challenge, phytochemicals hold the potential to offer
new, efficient, and sustainable solutions. Further
studies should be directed towards the improvement
of the efficacy and safety of these compounds, the
investigation of their combination therapy, and
overcoming the current barriers to their clinical
application. In this way, phytochemicals can
significantly contribute to the fight against malaria
and its ultimate elimination worldwide.
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