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Abstract
The World Health Organization documented 247 million reported malaria cases worldwide resulting 
in 619,000 fatalities in 2021. More than 70% of these deaths are attributed to Children under five 
years of age and sub-Saharan Africa is the region in which the highest number of deaths occur. The 
Plasmodium falciparum parasite is the deadliest form of malaria, and treating falciparum infection 
is becoming more challenging due to the emergence of drug-resistant parasites, causing a decrease 
in the efficiency of antimalarial medications. Artemisinin combination therapy is now considered 
the gold standard for malaria treatment; however, this method is at risk due to parasites exhibiting 
delayed clearance to artemisinin and resistance to partner drugs such as lumefantrine, amodiaquine, 
mefloquine, piperaquine, and sulfadoxine/pyrimethamine. This review assessed drug targets in 
Plasmodium falciparum for the development of novel antimalarials. Over Eighty-five papers on 
malaria, Plasmodium falciparum protein targets, and protein inhibitors were gathered from Google 
Scholar, ProQuest, PubMed, and Science Direct, between 2012 and 2023. Only articles with comparable 
keywords on malaria drug targets concentrating on enzyme proteins, carrier molecules present in 
Plasmodium falciparum, and their inhibitors were retrieved for review, while articles within that 
range that did not provide definite data were excluded. Most recently, inhibitors of dihydroorotate 
dehydrogenase (DHODH), artefenomel (OZ439), and ferroquine have been reported and are being 
explored in combination with other partner medications to work against different stages of plasmodium 
parasite. In identifying target proteins for drug development, essentiality and vulnerability throughout 
the life cycle of the parasite, its druggability, and the availability of target-based assays are critical 
factors. The use of modern proteomics and cellular proteins from database search which assists in 
parasite proliferation delivers optimal information on the new generation of lead compounds. In 
addition, advances in in silico methods enable the identification of protein targets for drug development.
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INTRODUCTION

 The World Health Organization reported 
more than 247 million cases of malaria globally, 
with 619,000 deaths.1 More than 70% of these 
deaths are observed among children under five 
years of age, with sub-Saharan Africa being the 
region most affected.1-3 Because Plasmodium 
falciparum strains are resistant to antimalarial 
drugs, malaria poses a significant concern 
to public health, prompting development of 
newer scientific methodologies to enhance 
therapy.2,4,5 The primary genomic expression of 
live Plasmodium falciparum parasites is controlled 
by epigenetic processes and shows a specific 
pattern of histone alterations associated with 
virulence in erythrocytes.6 Currently, one of the 
therapies suggested by the WHO is artemisinin 
combination therapy, combining the medications 
Artemether-Lumefantrine (AL), Artesunate-
Amodiaquine (AS-AQ), Artesunate-Mefloquine 
(AS-MQ), Artesunate-Pyronaridine (AS-PYR), 
Artesunate-Sulfadoxine/Pyrimethamine (AS-SP), 
Dihydroartemisinin-Piperaquine (DHA-PPQ). 
However, pharmacological resistance to quinoline 
analogs and artemisinin resistance raise issues 
regarding the safety of this treatment.7

 Research has shown that proteins of 
Plasmodium falciparum are identified as possible 
drug targets for the development of antimalarial 
drug inhibitors.8 As a result, one of the most 
essential tools in drug design is understanding the 
relevance and susceptibility of a certain protein in 
the life cycles of different parasites.9

Developmental stages of Plasmodium falciparum 
and areas of intervention
 The developmental stages of human 
malaria parasites are complex, but this cycle has 
three primary stages such; hepatic, asexual, and 
sexual stage. After an infected mosquito bite, 
sporozoites are released into the bloodstream and 
transported to liver cells (30-60 minutes), followed 
by proliferation.10

 After 1-2 weeks, the sporozoites form 
schizonts in which more than 30,000 merozoites 
are housed. These schizonts within the hepatocytes 
releases merozoites into the bloodstream.10,11 
According to Walker, Nadjm, and Whitty,12 
certain sporozoites from Plasmodium ovale 
and Plasmodium vivax species can develop into 
hypnozoites. The asexual cycle then begins when 
merozoites infiltrate red blood cells and digest 
hemoglobin to develop (Figure 1). The parasite 
develops within the host red blood cells from the 
early ring stage through the late trophozoite stage, 
progressing to the schizont stage, which comprises 
of 6 to 32 merozoites.10,11

 In the life cycle of Plasmodium falciparum, 
schizonts rupture red blood cells, releasing 
merozoites that invade new RBCs and continue the 
cycle, leading to malaria symptoms. Cyclical fevers 
often occur soon before or after RBC lysis, when 
the schizonts rupture and release fresh pathogenic 
merozoites. Some merozoites grow throughout 
this cycle into erythrocytic gametocytes, These 
are individual male and female sexual forms with 
a single nucleus that can be ingested by a blood-
seeking female Anopheles mosquito.10,13

Figure 1. The parasitic cycle of Plasmodium falciparum11
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 The mosquito then ingests gametocytes 
to induce gametogenesis. The macrogametes are 
pierced or fertilized by Ex-flagellated microgametes, 
forming zygotes that develop into ookinetes and 
eventually into spherical oocysts. The enlargement 
of the oocyst and the production of multiple 
sporozoites are triggered by the nucleus budding 
off repeatedly inside the oocyst. The oocyst 
does bursts to release sporozoites when there 
are fully developed, discharging them into the 
hemocoel (the internal cavity of the mosquito). 
After reaching the glands responsible for salivary 
production, the sporozoites complete the cycle. 
The life cycle continues with the introduction of 
sporozoites into the bloodstream of a new human 
host from the salivary glands of a female anopheles 
mosquito during a blood meal.14

 TCPs, also known as target candidate 
profiles, were promoted as strategic instruments to 
guide the development of antimalarial therapeutic 
molecules in 2013 (Figure 2). Although the 
pathogenic phases of asexual blood are the stage 
that many antimalarial medications target, ideally 
future antimalarial treatments should also focus 
on other stages.15

• The five known TCPs are major in the following 
phases, namely:

• TCP1: compounds that eliminate parasitemia 
during the blood stage of asexual malaria 
infections. 

• TCP2: compounds that can sustain antiparasitic 
activity.16

• TCP3: compounds inhibiting action of 
hypnozoites.

• TCP4: compounds that inhibit the action of 
hepatic schizonts.

• TCP5: compounds that prevents transmission 
of gametocytes.

• TCP6: mosquitocidals compounds. 
 However, the TCP2 molecule integrates 
with TCP1, it works as a long-term partner inhibitor 
to complete parasite eradication in the blood 
stage.15,17

MATERIALS AND METHODS

 The Google Scholar, ProQuest, and 
PubMed databases were searched for published 
peer-reviewed articles on Plasmodium falciparum 
drug targets that were published during the 
previous years between 2012 and 2023. Research 
articles focused on malaria drug targets, in 
particular enzymes and proteins, carrier molecules 
prevalent in Plasmodium falciparum, were 
investigated. In addition, documented inhibitors 
of these selected targets were also considered 
for investigation. Articles featuring Plasmodium 
falciparum without considerable information on 
therapeutic targets/proteins were excluded from 
the research.

RESULTS AND DISCUSSION

Druggable Targets, Key Proteins, and their 
inhibitory molecule
 Various proteins that indicate drug 
resistance and metabolic features are discovered 
in each of the organelles of the parasite, and these 

Figure 2. Plasmodium falciparum life cycle as a malaria parasite and locations of intervention15
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proteins span several stages of development. Due 
to Plasmodium falciparum’s multidrug resistance, 
more current drugs that function as inhibitors in 
various clinical trials help address the many targets 
in the parasite’s organelle across all of its metabolic 
phases.8

 Pharmaceutical research has spent 
the last several decades exploring the diverse 
metabolic and biochemical processes of the 
parasite with the aim of discovering and applying 
novel treatment approaches. Research is underway 
to develop novel chemical compounds or specific 
inhibitors to target these newly identified protein 
targets.18

Targeting the food vacuole
 The food vacuoles of falciparum malaria 
emerged as a potential therapeutic focus due 
to their vital function in sustaining parasite 
survival. These vacuoles serve as the main site 
for hemoglobin digestion, providing critical 
cellular materials for the growth and reproduction 
of the parasite within the hosts red blood 
cells. Researchers have identified different 
enzymes and proteins involved in this process, 
making them possible targets for antimalarial 
drugs.18 Inhibition of the activity of the feeding 

vacuole affects the acquisition of nutrients from 
parasites and their metabolic activities, resulting 
in their eventual cell death. Compounds that 
preferentially interfere with enzyme activity, 
such as plasmepsins and falcipains, which play an 
important role in hemoglobin degradation within 
food vacuoles, have shown promise in preclinical 
trials (Table). Targeting food vacuoles gives a 
tremendous opportunity to produce innovative 
and more effective antimalarial drugs with lower 
side effects, answering the urgent need for 
alternative therapies against drug-resistant strains 
of Plasmodium falciparum.19,20

Inhibition of protease enzymes
 Amino acids are essential components in 
the synthesis of newer proteins. These proteins are 
broken down by proteases, regulatory and catalytic 
molecules. Proteolysis, the process of breaking 
down proteins into smaller peptides and amino 
acids is facilitated by four aspartic proteases, which 
includes aspartic proteases (plasmepsins I, II, IV and 
histo-aspartic protease (HAP)), cysteine proteases 
(falcipains-2, falcipains-3), a metalloprotease 
(falcilysin), and an aminopeptidase dipeptidyl 
aminopeptidase 1 (DPAP1).20 Plasmoproteins 
and falcipanes are the main proteases involved 

Figure 3. An overview of various druggable targets in malaria therapy8
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in hemoglobin degradation.19,20 Artemisinin 
combination therapy (ACT) serves as a primary 
treatment of uncomplicated Plasmodium 
falciparum malaria infection by causing oxidative 
damage to proteins and other cellular components. 
This damage can affect various cellular processes, 
including those involved in proteases.1

 Plasmodium falciparum  contains 
plasmepsin protease ranging from I-X. Previous 
investigations have indicated that plasmepsin V 
(PMV) plays a vital role in transferring plasmodium 
proteins to host red blood cells, therefore 
triggering immunological responses.21 According 
to the tests by Favuzza et al.,22 WM382 serves 
as a promising molecule that suppresses liver, 
blood, and mosquito stages of the liver, blood, 
and mosquito stages of Plasmodium falciparum. 
This experimental drug has a synergistic enzymatic 
and inhibitory impact on plasmepsin (IX and X). 
Despite the redundancy in the role of food vacuole 
in Plasmodium and other proteases, blocking the 
digestive vacuole plasmepsin could be a good 
target for early therapeutic development.23

 In Plasmodium falciparum, the primary 
hemoglobinase in the food vacuole are falcipains 
(FP1, FP2, and FP3), which are critical for digesting 
host hemoglobin into peptides and amino acids. 
Quinoline-based antimalarial drugs such as 
chloroquine and quinine, inhibit this hemoglobin 
digestion process. As a result, hemoglobin 
accumulates in the parasite’s food vacuole. This 
build up of free hemoglobin leads to increased 
oxidative stress within the parasite, disrupting 
cellular functions and ultimately causing parasite 
death.24

Inhibition of the production of hemozoin crystals
 Malaria parasites destroy the hemoglobin 
present in red blood cells to consume essential 
amino acids, resulting in the creation of free 
heme, a by-product that disintegrates its cell 
membrane resulting from peroxidative qualities. 
Plasmodium falciparum oxidizes heme to hematin 
and then histidine-rich protein (HRP-2) facilitates 
the conversion of heme to hemozoin, making 
all of these processes druggable targets for 
antimalarials.25

 Blood schizonticidal substances such 
as chloroquine, mefloquine, halofantrine, and 
other quinoline analogues are recognized as 

possible pharmacological inhibitors against 
hematin conversion (Figure 3). Some investigations 
indicated that artemisinin or its derivatives binds 
to heme to trigger damage to parasite structures 
and eventually leading to cell death.26

Transport proteins of PfCRT and PfMDR1: Insight 
into drug resistance and targeting strategies
 The Plasmodium falciparum chloroquine 
resistant transporter (PfCRT) and the Plasmodium 
falciparum multidrug resistant transporter 
(PfMDR1) are promising targets resulting from 
their important regulatory roles, ranging from 
their functions in utilizing essential nutrients 
to the removal of toxic waste in the malaria 
parasite.27 Both the PfCRT and PfMDR1 transport 
proteins are encoded by the Pfcrt and Pfmdr1 
gene.28 Three main mechanisms are thought to be 
involved in transporter-mediated drug resistance: 
(i) A mutation decreasing drug effectiveness and 
binding affinity when the transporter is targeted; 
(ii) A mutation reducing drug levels at the target 
when the transporter acts as a delivery mechanism; 
and (iii) A mutation enabling drug efflux pathways, 
thereby decreasing effective drug concentrations 
at the target. The efflux transporters at the site, 
such as PfCRT, are known to be involved in drug 
resistance.18

 Blood-schizonticidal ferroquine, which 
just passed Phase II clinical trials after it was 
shown to be effective against chloroquine-resistant 
Plasmodium falciparum, is a viable option. 
Unlike chloroquine, the basic structure of the 
4-aminoquinoline scaffold of ferroquine allows 
it to accumulate in the acidic environment of the 
parasite’s digesting vacuole. The drug provides an 
alternative approach to inhibiting the chloroquine-
resistant parasite in contrast to chloroquine, as an 
iron atom shifts between two aromatic rings to 
form deadly free radicals.29,30

Targeting P- type ATPase
 PfATP4 is a critical P-type ATPase found in 
the plasma membrane of Plasmodium falciparum, 
the malaria-causing parasite. This enzyme plays a 
vital role in maintaining ionic balance within the 
parasite by regulating the transport of sodium 
(Na+) and potassium (K+) across the membrane. 
The activity of PfATP4 is essential for the parasite’s 
survival and adaptation to the hostile environment 
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within the host. Inhibiting PfATP4 disrupts 
this ion homeostasis, leading to a buildup of 
intracellular sodium and potassium imbalances, 
which ultimately impairs parasite growth and 
function. Due to its central role in the parasite’s 
physiology, PfATP4 has emerged as a key target 
for novel antimalarial drugs designed to interfere 
with its ATPase activity and combat malaria more 
effectively.18 Notable instances of P-type ATPase 
encompass the sodium-potassium pump (Na+, 
K+ -ATPase), plasma membrane proton pump (H+ 

-ATPase), proton-potassium pump (H+, K+-ATPase), 
and calcium pump (Ca2+-ATPase). Mutations in 
PfATP4 can alter the efficacy of compounds such 
as KAE609 and SJ733 by modifying the protein’s 
structure and function, thereby affecting drug 
binding and inhibition. These mutations can 
lead to conformational changes in PfATP4 that 
reduce the affinity of these drugs for their target, 
thereby impairing their ability to inhibit the 
ATPase activity of the protein. As a result, the 
effectiveness of these antimalarial agents can 
be diminished, highlighting the importance of 
monitoring PfATP4 mutations to anticipate and 
manage potential drug resistance. Research has 
shown that spiroindolones [KAE609], pyrazole 
amides [KAF156] and dihydroisoquinolones 
[SJ733] are the three separate groups of effective 
antimalarial drugs.18,31 Through inhibition of this 
important protein, scientists hope to alter the 
parasite’s capacity to sustain its internal habitat, 
ultimately ending in its death. This technology 
offers the potential to produce novel antimalarial 
medications that have greater specificity and less 
impact on the host, thus supporting international 
efforts to manage and eradicate malaria. According 
to research by White et al.,32 KAE609 demonstrated 
a sevenfold increase in effectiveness compared 
to artesunate and was 40 times more potent 
than 4-aminoquinoloines. Additionally, SJ733 
has undergone clinical investigation due to its 
favorable safety profile, oral availability, and 
preclinical pharmacokinetic attributes.33-35

 Artefenomel (OZ439), a synthetic 
trioxolane, exhibits improved pharmacokinetic 
properties compared to current antimalarial 
medicat ions containing the artemisinin 
pharmacophore. It is a promising candidate for 
targeting ATPase proteins. During its clinical 
stage, artefenomel has shown general tolerance 

in volunteers at doses up to 1600 mg. Currently, 
it is under investigation as a partner drug in 
combination therapy for malaria.36 With an in 
vitro efficacy equivalent to that of artemisinin 
derivatives used in clinical settings, artefenomel 
is a completely novel compound active against of 
all phases of malaria-causing erythrocytic asexual 
Plasmodium falciparum.36

Inhibition of Plasmodium falciparum protein 
kinases
 Kinases are promising yet underexplored 
drug targets in malaria compared to human 
kinases. The extensive literature on human 
kinase inhibitors provides a foundation for 
antimalarial kinase inhibitor design, although 
achieving selectivity over human kinases 
remains challenging. Integrating target-based 
drug discovery with phenotypic approaches is 
essential for early validation. Kinase-focused 
phenotypic screening, chemoproteomics, and 
genome editing technologies enhance target 
identification and validation. Developing in vitro 
Plasmodium kinase assays and obtaining structural 
information will facilitate drug discovery, while 
non-ATP competitive inhibitors may overcome 
selectivity challenges. Monitoring resistance 
and considering polypharmacology are critical, 
given the high rates of resistance and structural 
similarities among kinases. The development 
of kinase-specific chemoproteomic approaches 
and advances in genome editing for Plasmodium 
provide powerful tools for target identification 
and validation. Plasmodium kinases, despite 
sharing conserved ATP sites with human kinases, 
may have unique features allowing selective 
inhibition. It is challenging to identify a superior 
class of kinases for antimalarial development due 
to potential off-target effects and the conserved 
nature of ATP sites. Nonetheless, Plasmodium 
kinases merit further investigation due to their 
significant therapeutic potential and the possibility 
of overcoming challenges related to selectivity and 
resistance.8,29,34-36

Targeting the folate pathway
 Since the route that leads to folate 
metabolism supplies the essential folate cofactor 
for DNA synthesis, it is one of the most critical and 
thus a viable target for identifying antimalarial 
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agents. Out of the seven enzymes implicated in 
the de novo folate synthesis process, only two 
have undergone thorough investigation regarding 
their role in malaria prevention and chemotherapy 
namely; dihydropteroate synthase (DHPS) and 
dihydrofolate reductase (DHFR). Since these 
enzymes are not found in humans, they could be 
intriguing topics for subsequent investigation.18,37

 DHPS is very essential in dihydrofolate 
synthesis. Sulfanilamide, an inhibitor of DHPS, and 
the active component are produced in vivo from 
protosil. Subsequently, sulfanilamide analogues 
were created, culminating in the family of sulfur-
based antifolate medications.
 In both Plasmodium falciparum and 
other protozoa, dihydrofolate reductase functions 
as a bifunctional enzyme alongside thymidylate 
synthase (TS). However, resistance often arises 
due to mutations in the enzyme. Some of the 
most potent antimalarial medications, such as 
pyrimethamine, cycloguanil, as well as more 
recent structure-based drug design compounds 
WR99210 and P218, work by inhibiting the activity 
of the enzyme dihydrofolate reductase (DHFR).37,38

 For many years, the combination of 
pyrimethamine and sulfadoxine medications was 
an excellent approach to treating malaria patients. 
These drugs work together to alter two separate 
proteins in the folate pathway. While sulfadoxine 
targets DHPS, pyrimethamine compounds target 
the DHFR enzyme. Malaria parasites acquire 
resistance to antifolate therapy due to changes in 
the dhfr and dhps genes, which actually reduces 
the affinity of drugs for binding to certain target 
enzymes.37-39

Targeting Apicoplasts involved in protein 
transport
 Essential for the malaria parasite’s 
survival ,  the apicoplast  acts  as  a  non-
photosynthetic organelle housing vital metabolic 
pathways for Plasmodium falciparum. These 
pathways, such as fatty acid synthesis, isoprenoid 
precursor production, and heme synthesis, 
are indispensable for the parasite’s survival.40 
Interestingly, these important metabolic channels 
are lacking in the human host, but are present 
in different species such as bacteria, plants, 
and apicomplexan parasites. Hence, these 
parasite-specific metabolic pathways emerge as 

a hopeful target for developing antimalarials, 
given their distinct nature capable of disrupting 
essential functions of malaria parasites. The 
transportation of proteins to the apicoplast 
involves a dual mechanism. Initially, proteins 
enter the endoplasmic reticulum lumen through a 
hydrophobic N-terminal sequence. Subsequently, 
this sequence is cleaved by peptidase, facilitating 
protein trafficking to the apicoplast. Additionally, 
the process is aided by the plant plastid transit 
peptide. Compound 15-Deoxyspergualin (DSG), are 
known to exhibit antimalarial activity, restricting 
protein trafficking into the apicoplast by interfering 
with contacts with the HSP70 chaperone transition 
peptide.41 Antibiotics such as doxycycline target 
the apicoplasts in Plasmodium falciparum by 
inhibiting protein synthesis. Doxycycline disrupts 
the function of the apicoplast’s 70S ribosome, 
which is essential for producing proteins required 
for the organelle’s maintenance and function. This 
inhibition leads to the gradual loss of apicoplast 
function, ultimately resulting in the parasite’s 
death. Other antibiotics, like clindamycin and 
azithromycin, also interfere with protein synthesis 
or transport within the apicoplast, providing a 
unique mechanism of action that complements 
conventional antimalarial therapies and helps 
address drug resistance issues. These antibiotics 
impair the parasite’s metabolic processes by 
targeting the apicoplast’s protein transport 
pathways, leading to its elimination.42

Targeting the Mitochondria (Electron Transport 
Chain)
 Mitochondria are primarily involved in 
two fundamental functions: electron transport and 
protein synthesis. Several antimalarial drugs, which 
are clinically relevant, have a confirmed effect 
on direct or indirect metabolism of pyrimidine. 
Drugs that particularly act on dihydrofolate 
reductase (DHFR) or dihydropteroate synthase, 
such as cycloguanil, pyrimethamine, sulfones, and 
sulfonamides, block the folate pathway, which is 
important for thymidine production. However, 
interference of atovaquone with pyrimidine 
metabolism leads to toxicity due to its direct 
targeting of the bc1 electron transport complex in 
mitochondria.43 A recent study clearly established 
that the activity of the bc1 complex is crucial 
to providing DHODH with oxidized ubiquinone 
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to generate pyrimidines. Thymidylate synthase 
inhibitors have shown efficacy as antimalarials; 
although they are still in the early stages of clinical 
testing.
 Moreover, by focusing on the electron 
transport chain in mitochondria, the inhibition 
of dihydroorotate dehydrogenase (DHODH) is 
achieved. DHODH, an enzyme reliant on Flavin 
mononucleotide, facilitates the conversion of 
dihydroorotate to orotate in the de novo pyrimidine 
biosynthesis pathway.43,44 The dihydroorotate 
dehydrogenase inhibitor DSM265 has just entered 
a phase II clinical study. It works against the liver 
stage and showed a favorable safety profile in 
phase I.18

Synergistic effects of antimalarial compounds 
 The synergistic effects of combining 
multiple antimalarial drugs have drawn substantial 
attention in the fight against malaria, aiming to 
increase the efficacy of therapy and overcome 
drug resistance. A popular technique includes 
the combination of medications with various 
modes of action, providing a synergistic impact 
that targets the parasitic protozoan at its 
various developmental stages. For example, the 
combination of artemisinin-based medications, 
which rapidly remove the parasite from circulation, 
with longer-acting treatments such as mefloquine 
or piperaquine, helps eradicate remaining 
parasites and limit resistance development.45 
Synergy can also arise through the combination 
of medications that target various biochemical 
pathways within the parasite, for instance, 
combining chloroquine, which disrupts heme 
detoxification in parasite digestive vacuoles, 
with atovaquone, which hampers the electron 
transport chain in mitochondria, has demonstrated 
synergistic outcomes. Such combinations not only 
boost the overall antimalarial activity but also 
minimize the risk that the parasite will acquire 
resistance to the medications.
 In addition, research on combination 
treatments, which involves the use of various 
medications with various mechanisms of action, is 
gaining traction. This technique seeks to maximize 
therapeutic efficacy, reduce resistance, and reduce 
the duration of therapy. However, clinical trials for 
malaria therapy have progressed through phase I 
and phase II for dihydroorotate dehydrogenase 

(DHODH) inhibitors Artefenomel (OZ439) and 
Ferroquine (FQ), which have been published and 
are being tested in combination with other partner 
drugs to act against different stages of the parasite. 
Examples of these combinations are Artefenomel 
with piperaquine, ferroquine-artesunate, and 
Artefenomel-ferroquine.46 According to previously 
published studies, ferroquine with artesunate 
combination exhibits high selective toxicity against 
the parasite and its safe in all doses studied, having 
good curative rates against Plasmodium falciparum 
malaria. This combination of medications shows 
promise for the treatment of the condition. 
Furthermore, ferroquine can be combined with 
other partner drugs to produce a newer class of 
antimalarial combinations, particularly in places 
where artemisinin combination treatment (ACT) 
has been less effective.47 Another benefit of 
ferroquine with artesunate over other partner 
drugs in lumefantrine-containing ACTs is that 
patients can get this combination once daily for 
three days rather than twice, increasing patient 
adherence to therapy.46,47 Ongoing research on 
the identification and improvement of synergistic 
drug combinations remains vital to combating this 
chronic and fatal disease.

Future perspectives
 The future of antimalarial drug therapy is 
promising, as researchers continue to investigate 
creative techniques to overcome drug resistance, 
increase treatment efficacy, and limit adverse 
effects. An area of investigation involves the 
creation of new medications with unique mode of 
action that interfere with different developmental 
phases of the malaria parasite. Advances in 
genomics, proteomics, and high-throughput 
screening techniques are easing the discovery of 
novel therapeutic targets, enabling the formulation 
of drugs that are not only effective against strains, 
but also less prone to resistance development.30

 New deadly target proteins from 
proteomic research, in silico parasite studies, 
and new antimalarial drugs are necessary, since 
parasite resistance compromised the efficacy of 
presently existing antimalarial drugs. This updated 
technique will facilitate the identification of target 
proteins for a new antimalarial drug that is safer 
and more effective. 
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Limitations to antimalarial drug discovery
 The discovery of antimalaria drugs faces 
various obstacles that hinder the evolution of 
effective therapies to combat falciparum malaria. 
The emergence and transmission of drug-resistant 
strains of falciparum malaria present a significant 
challenge. Malaria parasites demonstrate a 
notable capacity to develop resistance against 
commonly prescribed antimalarial drugs, including 
chloroquine and artemisinin-based combination 
treatments (ACT).45 Resistance affects the efficacy 
of established therapies and underlines the urgent 
need for new therapeutic methods.
 Furthermore, the complicated stages of 
the parasites life forms hampers the development 
of medications, as the malaria parasite traverses 
many phases in both the insect and blood stage, 
each with specific biological properties. Targeting 
the parasite at different phases requires a 
deep understanding of its biology, which adds 
complexity to drug research attempts. Insufficient 
in vitro and in vivo models that correctly mimic all 
phases of the malaria life cycle further impedes 
the discovery and evaluation of viable treatment 
candidates.48

 Additionally, inadequate funding for 
malaria research and treatment development 
represents a substantial limitation. Malaria 
largely affects populations in resource-limited 
locations, and as a result, there is a lack of financial 
incentives for pharmaceutical companies to invest 
in substantial research and development for novel 
antimalarial drugs.49 This budgetary limitation 
hinders the development of new drug candidates 
and hinders progress in identifying more effective 
and cheaper therapies for malaria. Addressing 
these constraints requires a coordinated effort 
from the global health community to prioritize and 
support research activities to overcome hurdles in 
the creation of antimalarial drugs.

CONCLUSION

 Discovering inhibitors that effectively 
target essential proteins and cellular processes 
of Plasmodium falciparum across its life cycle 
is crucial for producing new antimalarial 
drugs. A comprehensive approach emphasizes 
the importance of sensitivity, necessity, and 
feasibility of target-based assays in vitro research. 

Successful suppression of these pharmacological 
targets forms the foundation for developing 
effective antimalarial medications, offering 
promising prospects in the ongoing battle 
against malaria. Encouraging collaborative 
endeavors, interdisciplinary investigations, and 
the exploration of cutting-edge technologies can 
expedite the identification and development of 
potent antimalarial drugs that specifically target 
key proteins in Plasmodium falciparum, thereby 
curbing its transmission among populations.
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