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Abstract: Malaria is one of the deadliest diseases. In 2020, there were 627,000 global deaths out of 241 

million malaria cases. This mortality rate can be reduced by using artemisinin combination therapy 

(ACT). But there is a concern about the emergence of partial resistance to ACT in 2008. Therefore, 

rapid response is needed to tackle this problem. The method used is a narrative literature review. Four 

things must be conducted in managing malaria resistance: prevention, surveillance, access to quality 

diagnosis, and innovations. The innovations can be modifying conventional treatment and discovering 

new targets to develop new drugs rationally. The steps that must be taken in responding to cases of 

antimalarial resistance are the four steps of malaria resistance management based on the WHO protocol. 

Many new therapeutic targets can be exploited for new drug development, the most interesting of which 

are ATPase pumps, pyrimidine biosynthesis, and membrane biosynthesis. There are many new 

interesting drugs for these targets. For example, Cipargamin and E209 are effective against ACT-

resistant strains; CDRI9778 and UCT943 are effective against MDR strains; Ganaplacid and AQ13 are 

effective against CQR strains. 
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1. Introduction 

Malaria is one of the infectious diseases that has been faced by humanity since 30 

million years ago [1–3]. For an 'ancient' disease, this disease still cannot be eradicated, like 

smallpox, due to the difficulty of developing an effective malaria vaccine [4,5]. A major 

bottleneck in developing a highly efficacious vaccine is a lack of reliable correlates of 

protection and limited application of assay to quantify functional immune response for vaccine 

evaluation [6]. The lack of an effective vaccine makes health workers rely on curative treatment 

to deal with malaria [7]. Over the centuries, humanity has developed remedies from natural 

sources such as the bark of the quinine tree (Cinchona succirubra) from South America and 

the qing-hua herb (Artemisia annua) from East Asia [8]. Then, isolates from the quinine bark 

were developed as a quinoline derivative, while the qing-hua herb isolate was developed as a 

sesquiterpenoid lactone derivative. Due to resistance to many types of quinoline derivatives, 

especially chloroquine, which was used as a first-line treatment half a century ago, 

sesquiterpenoid lactone derivatives are now the main therapy used to treat malaria cases [9]. 

Artemisinin is the first member of sesquiterpenoid lactone derivatives as a treatment for 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC136.598
mailto:adiwijaya.royyan@gmail.com
mailto:fifimasduki@itb.ac.id
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8867-8080
https://orcid.org/0000-0001-5731-2214
https://orcid.org/0000-0003-3586-5082


https://doi.org/10.33263/BRIAC136.598  

 https://biointerfaceresearch.com/ 2 of 28 

 

malaria. Artemisinin and its derivatives are currently used as artemisinin combination therapy 

(ACT) as a first-line treatment with high efficacy and safety. The therapy administration in the 

form of a combination is intended to increase efficacy, reduce side effects, accelerate healing, 

and prevent the probability of resistance appears. This can be done because the combination of 

drugs used in ACT has pharmacokinetic and pharmacological characters that complement each 

other [10]. Although combinations are also intended to reduce the probability of the emergence 

of resistance, cases of partial resistance are still found in Southeast Asia and Africa [11–15]. 

This resistance is probably due to mutations in the Pfkelch13 domain associated with the 

endocytosis of hemoglobin to the parasite at the ring stage [15]. Mutations in Pfkelch13 cause 

a decrease in the degradation of hemoglobin which is required for artemisinin to be converted 

to its active form [16,17]. This resistance case is very serious because, without prompt and 

serious handling, this problem can become an epidemic and even a pandemic [4]. It is estimated 

that the material losses that must be borne to handle cases of uncontrolled malaria resistance 

are not small, around 276 million USD [18]. In addition, the species that developed resistance 

strains were P. falciparum. This species has the most severe and deadliest symptoms among 

all Plasmodium species, especially in Africa and Southeast Asia [19–22]. P. vivax has also 

developed resistance mainly to ACT partner drugs. It is even more concerning knowing these 

two species contribute to the vast majority of malaria cases globally [23]. Therefore, there is a 

need to manage resistance countermeasures and the latest innovations to overcome this case of 

malaria resistance. In addition to resistance, hypersensitivity to artemisinin derivatives is 

repeatedly documented in ACT adverse drug reactions [24]. So, non-artemisinin malaria drug 

development is recommended. Drug development should also be carried out rationally, starting 

from target identification to drug development by optimizing the structure and activity 

relationship. This rational drug development will be a new thing in the curative treatment of 

malaria and can facilitate the optimization of the efficacy, safety, and quality of treatment in 

the future. 

2. Materials and Methods 

The articles used were searched from the PubMed article database. The reason for using 

this database is because the articles published in this database focus on the health and medicine 

subject, so that searches can be more specific. Search in search engines using the MeSH term: 

"((antimalarial or antimalarial) AND (resistance) AND (new drugs development OR new 

treatments development OR novel target)" plus a language filter to English. From this MeSH 

term, 1734 articles were found. Because there are too many, the range of publication years was 

reduced from the last 10 years (2012-2022) to the last 2 years (2020-2022). From this, 173 

related articles were found. From the 173 articles, articles were selected based on inclusion 

criteria and issued articles that matched the exclusion criteria. These criteria are as follows: 

Inclusion Criteria: Articles contain relevant information (information published is 

irrefutable with more recent findings, maximum publication deadline is 10 years ago/October 

2012, published in reputable journals (minimum Q4), has been cited at least 1x (for journals in 

2-3 years). Last year except late 2021/2022), 5x (journal in the last 5 years), and 20x (journal 

in the last 10 years).  

Exclusion Criteria: Articles that do not contain relevant information (refuted by 

information in more recent articles) were published more than 10 years ago and are not 

published in a reputable journal. 
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After applying the inclusion and exclusion criteria in the literature, 45 articles were 

screened that were used from 2020 to 2022. To complete the literature review, 4 reports and 

guidelines related to malaria were used from World Health Organization (WHO) and 2 reports. 

The total literature used at the beginning was 51 articles. From the review articles used among 

these 51 articles, 83 additional articles were found, the longest published in the last 10 years. 

Thus, the total number of articles used is 134 articles. The 134 articles used were then entered 

into the Mendeley application to be grouped for easy analysis and comparison. Articles are 

grouped by articles discussing new targets, new drugs, new targets, and drugs, as well as meta-

analysis articles. The library search results' schema is described in the following flow chart. 

 
Figure 1. Articles search result scheme. 

3. Results and Discussion 

3.1. Drug-resistant malaria management outline. 

3.1.1. Preventing the spread of resistance. 

The first step to stopping the spread of resistance is to decrease the mosquito-human 

contact frequency. It is also referred to as vector control scale-up. These activities include 
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increasing the scope of personal protection and eradicating mosquitoes in areas with high 

resistance or transmission. Personal protection can be in the form of insecticide-treated nets 

(ITNs), long-lasting insecticide nets, and long-lasting insecticide hammock nets [25]. Mosquito 

eradication can be done by using smogging insecticides (indoor residual spraying/IRS) and 

controlling the mosquito life cycle.  

In addition to vector control, preventive measures can be carried out using 

chemoprevention. This step utilizes chemoprophylaxis medicines to keep the parasite 

concentration in the blood below the threshold for disease onset. The use of chemoprophylaxis 

should be accompanied by monitoring drug resistance in the area. The use of chemoprophylaxis 

is supported, especially in vulnerable groups such as children and pregnant women [26]. 

Chemoprevention can also be given to travelers or as a seasonal malaria prevention [9]. 

Chemoprophylactic drugs WHO recommends doxycycline or atovaquone-proguanil, 

chloroquine (if P. falciparum is not present in the area), or primaquine [19]. Giving the type of 

drug depends on the situation and condition.  

3.1.2. Improving monitoring for resistance evaluation. 

Monitoring of antimalarial drug resistance can be monitored by various studies, ranging 

from in vivo and molecular studies to in vitro studies. Because therapeutic outcomes have 

clinical relevance to therapeutic efficacy, clinical studies have been established as the gold 

standard for global antimalarial resistance monitoring by WHO. According to the WHO 

protocol, national malaria surveillance programs should evaluate the efficacy of first and 

second-line antimalarial drugs at sentinel sites every 24 months. If there are more than 10% of 

cases of therapy failure, then responses and policy changes must be made as soon as possible 

[27]. If it is proven that there are new cases of resistance, the addition of new sentinel sites near 

the foci of resistant cases may be considered. Routine surveillance of malaria should also be 

strengthened especially in areas of high risk of resistance.  

3.1.3. Improving access to quality diagnosis and therapy. 

Increased access to affordable and quality diagnostic tests and therapies could limit the 

possibility of the spread of resistance to the antimalarial drugs being used. Accurate and 

affordable diagnosis is essential to prevent the unnecessary use of antimalarial drugs. This 

refers to the finding that 78% of patients receiving antimalarial drugs were not infected with 

malaria and just had a common fever. Increasing the manufacturing capacity and quality of 

rapid detection tests (RDT) can overcome this problem. In addition, increasing access to 

existing diagnoses as well as education to health workers about diagnosis is also very much 

needed [28]. 

In addition to diagnosis, the availability of quality and guaranteed therapy is also 

important to reduce resistance rates. This is done not only by increasing production capacity 

but also by eradicating suboptimal drugs. These suboptimal drugs are not only counterfeit drugs 

but also monotherapy drugs, which are less effective than ACT and can increase resistance 

rates. Eradication can be done by entering into agreements with the government and 

manufacturers to stop all activities related to non-optimal drugs and take regulatory action to 

stop the circulation of non-optimal drugs. Educating citizens about the dangers of counterfeit 

drugs and monotherapy is also important in reducing market demand [28]. 
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3.2. Development and innovation to tackle drug resistance. 

3.2.1. Conventional therapy development. 

Developing new drugs from the outset takes time and a long process. In addition to 

taking a long time, this development also drains resources for a project with a high probability 

of failure. This modifies existing therapy as an alternative to responding to cases of resistance 

quickly. Since resistance cases are still partial resistance cases, increasing the duration of 

therapy from 3 days to 6 days is a rational solution. This strategy implies that more ACT 

components are needed. Artemisinin precursors used to make artemisinin derivatives can be 

produced through a microbial fermentation process with a fairly high titer (>40 g/L) [29]. This 

makes optimization of fermentation conditions and engineering to produce optimum yeast cells 

the best option to obtain higher titers [18,19]. It should also be noted that improving the 

therapeutic regimen must also be accompanied by ensuring patient compliance and therapeutic 

success. This strategy of increasing the therapy duration has proven effective in tackling cases 

of partial resistance in the Greater Mekong area [32].  

In addition to the strategy of increasing the duration, changing the combination is also 

a way that can be taken to obtain new antimalarial preparations. One application of this 

combination strategy is triple artemisinin combination therapy (TACT) [33]. This strategy does 

not require more ACT components but adds another component so that the combination of 

drugs given to the patient becomes three combinations (one artemisinin derivative and two 

companion drugs) [33,34]. This strategy has proven to be effective in dealing with HIV and 

Tuberculosis cases [22,23]. To make TACT preparations, the half-life and side effects of the 

drug components must be considered [37]. At this time, the clinical trial of TACT's efficacy is 

undergoing phase 2 clinical trials [38]. In addition to the use of TACT, the use of a combination 

of non-artemisinin antimalarial drugs can also be used to treat cases of resistance to artemisinin. 

Examples of this new combination are Atovaquone-Proguanil, Chloroquine + Sulfadoxine-

Pyrimethamine, and Mefloquine + Sulfadoxine-Pyrimethamine. As with TACT, the use of this 

combination must pay attention to the half-life of each component and the side effects of the 

combination. In addition, the use of quinoline-derived drugs (such as chloroquine) is not very 

effective in resistant strains, and antifolate drugs (such as sulfadoxine-pyrimethamine) have a 

fairly rapid risk of developing resistance [39]. So TACT is preferable to using a combination 

of non-artemisinin antimalarial drugs if a combination modification approach is chosen.  

In addition to using TACT, it is possible to manufacture new artemisinin analogs to 

complement the TACT regimen or even replace it if the analog has a significantly higher half-

life than conventional artemisinin derivatives. Artemisinin analogs have been used as 

conventional drugs because pure artemisinin has poor pharmaceutical properties. Artemisinin-

derived drugs used in the ACT, such as artemether and artesunate, are first-generation 

artemisinin analogs. This first-generation derivative is designed to improve artemisinin's 

pharmaceutical problems and poor pharmacokinetics. In addition to these derivatives, there are 

many types of analogs that were developed afterward. The second generation of derivatives 

was carried out to increase the bioavailability and safety profile of the first generation. This 

derivative focuses on structural modifications at the C-10, C-16, C-11, and C-6 positions on 

artemisinin [27,28]. In addition, hybrid artemisinin can also be made to create species with 

synergistic interactions that have higher efficacy than the individual components [42]. 

Dimerization can also be done to overcome the obstacles in manufacturing hybrids. This is 

done by making various chemical linkers such as alkyl, aryl, and esters in symmetric and 
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asymmetric forms [43]. Trimer and tetramer forms have also been investigated. Even so, the 

results of the trimer and tetramer species were not satisfactory because they violated Lipinski's 

Rule of Five a lot. This makes the medicinal properties of this species less potent than other 

options [40].  

Another conventional treatment modification approach is covalent bitherapy. Covalent 

bitherapy involves combining two chemical components that can interact with the 

same/different biological targets through different mechanisms [44]. An example of these 

compounds is Trioxaquine (a combination of 1,2,4-trioxane and 4-aminoquinoline) which can 

bind to targets by two different mechanisms: heme alkylation (with the trioxane moiety) and 

heme binding (via the quinoline moiety).   

In addition to the modification of conventional antimalarial treatment, non-malarial 

antimicrobial treatment can be converted to treat malaria. Azithromycin, clindamycin, and 

doxycycline can have antimalarial activity by inhibiting the parasite's ribosomes. In the case of 

prevention, azithromycin can produce antimalarial activity when tested in Kenya and Indonesia 

[14,31].  

3.2.2. Discovery of new targets for new drug development. 

One of the drawbacks of conventional mainstay medications such as chloroquine and 

artemisinin is that they were developed from empirical natural medicine used in local 

traditional health practice. Although this non-rational development is effective, its mechanism, 

target, and structure-activity relationship are still uncertain. This makes it difficult for 

researchers to optimize drug compounds and evaluate the safety, efficacy, and quality aspects 

when needed [46]. Therefore, the development of new antimalarial drugs should ideally use 

the principles of rational drug development. Researchers usually use a variety of approaches 

that can be divided into two categories, namely the biological assay approach and the in silico 

approach to find potential targets for new drugs [47]. The combination of biological and in 

silico methods can provide more efficient and practical findings [47,48]. From this target 

discovery method, various potential antimalarial drug mechanisms, such as:  

• Glycolisis Pathway Inhibitor 

The erythrocytic phase of malaria is highly dependent on its anaerobic glycolysis for 

growth, development, and energy supply [26]. Glucose is transported into infected erythrocytes 

100 times more than healthy erythrocytes. Glucose is transported from the blood to 

erythrocytes via GLUT1 and transported into the parasite by the P. falciparum hexose 

transporter (PFHT). There are structural differences between host GLUT1 and parasitic PFHT 

so that PFHT can be used as a target for new antimalarial drugs [49]. After the glucose is 

processed anaerobically, the parasite will produce lactic acid, which must be removed from the 

erythrocytes by the mechanism of lactate H + simport [50]. It is very important to maintain the 

intracellular pH and osmotic stability of the parasite. Therefore, inhibition of the parasite's 

lactate:H+ symport system could be a potential target for new antimalarial drugs. In addition 

to lactate transporters, the enzyme lactate dehydrogenase, which plays a role in the glycolysis 

process can also be a target for new antimalarial drugs due to its important role in parasite 

growth and development [39]. 
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• Sikhimate Metabolism Inhibitor 

The shikimate metabolic pathway is an important pathway for the synthesis of aromatic 

amino acids in parasitic cells. This pathway does not exist in humans, so it can be a specific 

target for developing new antimalarial drugs [51]. One of the most studied enzymes of the 

shikimate cycle is 5-enolpyruvil shikimate 3-phosphate synthase and chorismate synthase [39]. 

Many inhibitors can function on these two enzymes, even though these inhibitors are designed 

to be made into herbicides [51]. Further research is needed to develop this herbicide into an 

antimalarial drug that can target the metabolism of the parasite shikimate. 

• Purine Salvage Pathway Inhibitor 

Purines are used to synthesize nucleic acids used in malaria parasite replication. Purines 

cannot be biosynthesized by host cells, so they must be 'salvaged' from human host cells. 

Because this mechanism is only found in parasites, it is selective enough to be a target for the 

manufacture of new antimalarial drugs [51]. There are several target molecules that can be used 

as targets for new antimalarial drugs, namely 6-oxopurine phosphoribosyltransferase, purine 

nucleoside phosphorylase, adenylsuccinate synthetase, s-adenosylhomocysteine hydrolase, 

and adenosine deaminase [39]. In addition to enzymes, transporters used to transport purines 

can be used as potential targets. Equilibrative nucleoside transporter (ENT) is a transporter 

used to transport purines into parasitic cells. PFENT1 is the main transporter of P. falciparum 

and this transporter has only 17% homology with human host cell ENT1. Therefore, this 

PfENT1 pump can also be a fairly specific target to block parasitic purine gain [52]. 

• Pyrimidine Biosynthesis Inhibitor 

Apart from purines, pyrimidines are also important components in the synthesis of 

nucleic acids for parasite replication. Unlike purines, pyrimidines can be produced by the host 

cell itself [51]. In addition, pyrimidines also play a role in the formation of phospholipids, 

glycoproteins, and folates [53]. The enzyme dihydroorotate dehydrogenase (DHODH) is an 

enzyme that determines the rate of de novo pyrimidine synthesis, which functions to catalyze 

the oxidation of dihydroorotate to orotate [51]. This target is selective in the host because 

human cells have a backup pathway other than the de novo pathway, so if this enzyme is 

blocked, healthy host cells can still synthesize pyrimidines, whereas parasites cannot [54]. In 

addition, ornitidine 5'-monophosphate decarboxylase (OMPDC) and orotate 

phosphoribosyltransferase also facilitate pyrimidine biosynthesis [55]. The three enzymes 

above have elucidated their 3D structures so that this target can be ideal in developing new 

antimalarial drugs [53]. 

• Plasmodium Special Transporter Inhibitor 

Plasmodium has special transporters to supply additional substrate for its very fast 

metabolism. This transporter is the Plasmodium surface anion channel (PSAC) [26]. PSAC has 

the critical function of providing additional nutrients such as methionine, pantothenic acid, 

tyrosine, and cysteine for parasites. This transporter does not have similar homology to other 

proteins in the human host, so it can be a target for the development of new antimalarial drugs. 
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• P-type ATPase Inhibitor 

Erythrocytes that have been penetrated by the parasite have a higher permeability to 

Na+. If not controlled, it can be very toxic to the parasite. Therefore, the parasite has a Na+ ion 

efflux pump to maintain the intracellular Na+ level of the parasite, namely PfATP4 [56]. In 

addition, this pump mutation also causes the parasite to become resistant to several antimalarial 

drugs [51]. In addition, PfATP6 (sarco/endoplasmic reticulum Ca2+-ATPase homolog 

[SERCA]) can be an ATPase pump target for the development of new antimalarial drugs [55]. 

Because the structure of these proteins has been elucidated, drug development can be carried 

out more effectively and rationally because the strategy to increase the interaction of drug and 

protein ligands can be optimized. PfATP4 is also one of the protein targets that has been 

validated as a new target [57]. 

• V-type ATPase Inhibitor 

Plasmodium has an H+ pump mechanism similar to the Na+ pump mechanism. This 

pump is called the V-type ATPase transporter. This pump is very important to regulate the 

intracellular pH of the parasite to keep it at pH 7.3 [26]. Similar to PfATP4, this pump is a 

potential target for new antimalarial drugs [58]. Manipulation of this pump can result in rapid 

death of the parasite because the intracellular pH of the parasite will change drastically so that 

normal physiological processes that normally take place at pH 7.3 will be disrupted, even 

stopped. The structure of V-type ATPase has also been elucidated. This will facilitate the 

rational drug development process. 

• Parasite Membrane Biosynthesis Inhibitor 

Phospholipids play an important role as structural components and regulation of 

intraerythrocytic P. falciparum. Parasites require de novo phosphatidylcholine as a structural 

component after invading erythrocytes [51]. The rate-limiting step of de novo 

phosphatidylcholine biosynthesis is the enzyme cholinephosphate cytidyl transferase [26]. In 

addition, membrane biosynthesis is also needed to protect the parasite when it invades the host 

cell by enveloping the cell with parasitophorous vacuoles. This parasitophorous vacuole 

protects the parasite from the phagolysosomes of the host cell. The target molecules to target 

this parasitophorous vacuole are the GRA17 and GRA23 protein pores [59]. The importance 

of this membrane formation makes the parasite need a high supply of lipids when invading host 

cells to replicate more parasites and protect parasitic cells with parasitophorous vacuoles [60]. 

• Aquaporin-3 Inhibitor 

Aquaporin-3 (AQP3) is an aquaglyceroporin facilitates the movement of water and 

glyceryl inside the mammalian cells. AQP3 3 was induced in hepatocytes infected by 

Plasmodium. AQP3 plays a role in providing glycerol for Plasmodium to be used in parasitic 

replication in the asexual intraerythrocytic stage [26]. AQP3 genetic depletion can significantly 

reduce the parasite load of the hepatocyte stage of P. berghei. What is even more interesting is 

that genetic disruption of AQP3 in mice has been shown to be non-lethal. This can be a new 

guideline for developing antimalarial drugs with gene-silencing mechanisms [58]. 
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• Plasmodium Protein Kinase Inhibitor 

Kinases are a group of enzymes involved in the phosphorylation of various specific 

amino acids in the body of organisms [51]. For parasites, this enzyme plays an important role 

in transcriptional control, post-transcriptional control, protein degradation, and 

phosphorylation. The most well-understood cyclin-dependent kinases (CDKs) in P. falciparum 

are P. falciparum cyclin-dependent protein kinase 4 (PfCDPK4), P. falciparum protein kinase 

5 (PfPK5), as well as P. falciparum mitogen related kinase (PfMRK) [39]. PfCDPK4 plays a 

key role in the formation of infective sporozoites and exflagellation of male gametocytes of the 

parasite [51]. The enzymes phosphoinositide kinase (PI3K) and phosphatidylinositol kinase 

(PfVps34/PI4K) play important roles in membrane biosynthesis and autophagy. This 

mechanism affects the rate of drug-induced parasite death [61]. Plasmodium eukaryotic 

initiation factor-2α (eIF2α) kinase is an enzyme that is activated when parasites are under stress 

from artemisinin derivatives. Inhibition of this enzyme can impair parasite differentiation and 

reduce cases of recrudescence on artemisinin treatment [62].   

• Isoprenoid Biosynthesis Inhibitor 

Isoprenoids are essential for the post-translational modification of proteins and asexual 

replication of Plasmodium. In addition, isoprenoids are also important for synthesizing 

ubiquinones, which are mitochondrial electron carriers [51]. The 5-carbon precursor for 

isoprenoid preparation was prepared from two independent biosynthetic pathways, the 

mevalonate pathway (MEV) and the 2C-methyl-D-erythritol 4-phosphate (MEP) pathway. 

Bacteria and P. falciparum are highly dependent on the MEP pathway, whereas most 

eukaryotic organisms can use both pathways [26]. Therefore, enzymes in the MEP pathway 

can be used as targets for new antimalarial drugs. The rate-determining step in the MEP 

pathway is catalyzed by P. falciparum 1-deoxy-D-xylulose-5-phosphate reductoisomerase 

(pfDxr/DOXP)[14,51]. PfDXR inhibitors can inhibit the growth of P. falciparum without a 

significant reaction from human cells. 

• Pf translational Elongation Factor 2 Inhibitor 

One of the promising targets in developing new antimalarial drugs is the blocking of P. 

falciparum ribosomes. P. falciparum ribosomes are an evolutionary intermediate between 

prokaryotic and eukaryotic ribosomes. This is good because it can provide selective toxicity 

between the parasite and host ribosomes. P. falciparum elongation factor 2 (pfEF2) is a 

ribosomal component that catalyzes GTP-dependent translocation of ribosomes along mRNA. 

These ribosomes are very important for Plasmodium protein synthesis [26]. 

• Farnesyltransferase Inhibitor 

Prenylated proteins have important roles in cellular processes such as signal 

transduction, vesicular traffic, regulation of DNA replication, and cell division. These post-

translational modifications help intracellular proteins to bind to membranes and promote 

interactions between proteins. Farnesyltransferase catalyzes the transfer of farnesyl groups 

from farnesyl pyrophosphate to the C-terminus protein with a Caax motif. Inhibition of this 

enzyme can kill Plasmodium parasites [26]. 
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• Proteasom Inhibitor 

Proteasomes are protein complexes that function to degrade proteins by breaking 

peptide bonds. Plasmodium parasites have three types of proteasomes, namely the eukaryotic 

proteasome (26S) in the cytoplasm and nucleus, the prokaryotic homologous proteasome 

(ClpQ) in the mitochondria, and the caseionolytic-like proteasome (ClpP) in the apicoplast 

[63]. Proteasome functions for protein homeostasis andvercoming disorders caused by the 

human immune system [64]. Unfortunately, identifying and exploiting parasitic and human 

proteasome differences is still difficult [47,49]. There is a difference in binding preference 

between the two proteasomes in which the parasitic proteasome prefers to bind to the aromatic 

resident at the P1 and P3 peptide positions. The ligand specifically binds to the β-2 subunit in 

the parasitic proteasome 20s [47,50]. 

• Apicoplast Inhibitor 

Plasmodium has three genomes:he apicoplast genome, the nuclear genome, and the 

mitochondrial genome [27]. Apicoplasts are non-photosynthetic plastids present in apicomplex 

parasites such as Plasmodium. This organelle functions in carrying out biochemical metabolic 

pathways such as fatty acid biosynthesis, isoprenoid precursors, and heme synthesis for the 

survival of Plasmodium [27]. Target molecules that can potentially inhibit fatty acid 

biosynthesis in parasitic apicoplasts are β-ketoacyl-ACP synthase (Fab H) and enoyl-

ACPreductase (FabI) enzymes [67]. For example, target molecules for inhibiting isoprenoid 

biosynthesis processesre β-ketoacyl-ACP reductase (FabG) and 1-deoxy-d-xylulose-5-

phosphate-reductoisomerase [39]. Since this organelle is not possessed by human cells, it can 

be a target for new antimalarial drugs. 

• Plasmodium Digestive Vacuole Inhibitor 

Plasmodium digestive vacuole is responsible for degrading 60-80% of host 

hemoglobin. This process is a key process for obtaining amino acids in the growth and 

development of parasites [27]. The investigation of this pathway provides a promising method 

in the research and development of new antimalarial drugs. In addition, the glutathione-

dependent degradation mechanism in the cytoplasm can also be used by the parasite to degrade 

hemoglobin [68]. Apart from hemoglobin degradation, there are many processes in the 

digestive vacuole, from heme polymerization to free radical generation [39]. 

• Parasite's Protease Inhibitor 

Protease for Plasmodium parasites is a regulatory and catalytic enzyme that plays a very 

important role in its survival because of its function in hydrolyzing peptide bonds [26]. This 

effect works when Plasmodium penetrates host tissues, evades the immune system, digests 

hemoglobin, develops parasites, and activates inflammatory reactions [36,53]. Synthetic 

peptides that inhibit cysteine protease Pf68 have been shown to inhibit erythrocyte invasion 

and merozoite formation in Plasmodium [26]. In addition to cysteine proteases, serine proteases 

also play an important role in erythrocyte invasion and breakdown of Plasmodium schizonts. 

These two targets are very potential because no homologous enzymes exist in the human host 

[51]. 
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• Aminopeptidase Inhibitor 

Aminopeptidases catalyze the breakdown of amino acids from the amino ends of 

proteins as well as peptides. This enzyme is well distributed in prokaryotes and eukaryotes as 

a cytosolic and integral protein [27]. Bestain inhibits the growth of P. falciparum in vitro and 

in vivo. Bestain is active against the intraerythrocytic phase because of the inhibition of leucine 

aminopeptidase (PfLAP) and membrane alanine aminopeptidase (PfA-M1) by chelating the 

active metal ion at the metal binding center [27]. 

• Heat-Shock Protein (HSP) Inhibitor 

Heat Shock Protein (HSP) is a chaperon that guides protein folding to become 

functional [55]. HSP90 is one of the most studied HSPs because it plays an important role in 

the growth and development of eukaryotic organisms. The cytosolic expression of PfHSP90 

increases during the erythrocytic stage of life due to stress in the developmental process of the 

parasite. In the body of Plasmodium, HSP90 also plays a role in regulating sexual development 

and the transition from the ring stage to the trophozoite. Research has revealed that HSP90 can 

work as a drug target in many parasitic infections, including malaria [55]. 

• Protein Nieman-Pick Type C1 (PfNCR1) Inhibitor 

PfNCR1 stands for P. falciparum Nieman-Pick type C-1 related protein. This protein 

was identified by selecting the parasite with three different antimalarial compounds using In 

vitro Evolution and Whole Genome Analysis (IVIEWGA) [70]. Subsequent investigations 

showed that PfNCR1 is located in the parasite's plasma membranand functions for food vacuole 

biogenesis [32,54]. This gene is critical for the asexual growth of the parasite, making it 

particularly suitable as a target for new drugs. 

• Aminoacyl tRNA synthetase Inhibitor 

Aminoacyl-tRNA synthetase (aaRS) plays a key role in protein biosynthesis in 

Plasmodium. Plasmodium parasites have 36 aaRS enzymes such as arginyl- (41), tryptophanyl- 

(42), isoleucyl- (32), prolyl (44), and tyrosyl- (45) aaRS. The pan-active bicyline azetidine, 

BRD3444, was identified to target this target by phenotypic screening [46,71–73]. 

• Acetyl-CoA synthetase Inhibitor 

Acetyl-CoA is an important molecule for cellular metabolism because it plays an 

important role in the tricarboxylic acid cycle, lipids, histone acetylation, and phospholipid 

synthesis. In vitro Evolution and Whole Genome Analysis (IVIEWGA) identified a point 

mutation in the acetyl CoA synthetase P. falciparum that could potentially make this enzyme 

a drug target [74]. Advanced allele switching using CRISPR/Cas9 technology, conditional 

expression modulation, and enzymatic analysis of heterologically expressed proteins 

confirmed that this enzyme can be a target molecule and is essential for the survival of 

Plasmodium parasites. Drugs targeting this enzyme in parasites can have a dual action at the 

erythrocytic and hepatocyte stages simultaneouslyso they can be used as chemotherapy and 

chemoprophylaxis [46]. 
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• Antiadhesive Polisaccharide Compound 

One of the chemical groups that can be developed as a symptomatic drug for severe 

malaria is an antiadhesive polysaccharide. The main features of severe malaria are 

inflammation, microvascular obstruction, and a drastic reduction in parasite-infected 

erythrocytes. The P. falciparum uses heparan sulfate when it attaches to the host’s endothelium 

and other blood cells during microvascular obstruction. Inhibition of abnormal cells and 

interactions of these pathogens will increase the success of therapy by improving blood flow 

damaged by parasites [26]. 

3.2.3. Development and discovery of new antimalarial drugs. 

Most antimalarial drugs are small molecules designed to interact with biological targets. 

After the biological target is found and validated, Computer-Aided Drug Discovery (CADD) 

is used to identify hits, select leads, and optimize them by studying their physicochemical, 

pharmaceutical, and ADMET (absorption, distribution, metabolism, excretion, toxicity) 

characteristics [55]. The main focus of the CADD technique is to make it easier for researchers 

to find compounds with the most optimal medicinal characteristics and eliminate compounds 

that do not match the specified parameters. Drugs with unique targets and mechanisms of action 

than conventional treatment are much more likely to treat resistant malaria, just as artemisinin 

effectively eliminated chloroquine-resistant Plasmodium in the 1970s. Antimalarial drugs 

found and developed now based on their target of action can be divided into the following set 

of tables (Tables 1-25). 

3.3. Discussion. 

There are many treatment targets that have been identified and can be selected in the 

development of new antimalarial drugs. However, a good treatment target must meet several 

criteria, such as a confirmed target having a pathophysiological role, selective target expression 

only on treatment targets (such as only in pathogens), 3D structures available, assayable targets 

so that bycatch can be carried out, promising safety profile, and the target status. profitable 

intellectual property (important for pharmaceutical companies). From this, it can be concluded 

that pyrimidine biosynthesis, membrane biosynthesis, and ATPase pumps (P-type and V-type) 

are the most potential targets for developing new antimalarial drugs. This is because these three 

targets have clear pathophysiological properties and can affect many vital physiological 

systems of the parasite. This can provide a quick and complete effect in the elimination of 

parasites. In addition, the enzymes and proteins involved in this target have their 3D elucidated 

structure so that the SAR (structure and activity relationship) research process can be carried 

out easily to optimize the manufacture of new antimalarial drugs. These targets are also 

selective enough that their safety profile is guaranteed. In its development, there are many 

candidates created to target this target and have entered advanced clinical trials. Other 

characteristics such as high effectiveness against resistant strains, rapid elimination activity, 

and high half-life were also detected in many drugs targeting these three targets.  

In addition to the three targets previously mentioned, heme detoxification and generation of 

oxidative species also have many well-developed and well-tested candidates for the treatment of 

malaria. However, these two mechanisms are very similar to conventional treatments that have been 

used, such as quinoline derivatives and sesquiterpenoid lactones.   
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Table 1. New drug candidate targeting P-type ATPase. 

Table 2. New drug candidate targeting V-type ATPase. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

KAF156 (Ganaplacid) Imidazolpiperazine PI4K, PfVP2 3 Sexual erythrocytic stage, 

asexual erythrocytic stage, 

pre-erythrocytic stage 

>Possibly hepatotoxic  

>Very effective against QC and LF-

resistant P. falciparum 

[27,79,81,87–89] 

MMV253 (AZ13721412) Triaminopyrimidine PfVP2 Preclinical Erythrocytic stage >High bioavailability 

>Good as a complementary medicine 

[58,78,90] 

Table 3. New drug candidates targeting phospholipid metabolism. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

CDRI9778 1,2,4-trioxane Phospholipid metabolism 2 Erythrocytic stage >Effective against Pf MDR (multidrug 

resistant) 

>Good bioavailability 

>Good pharmacokinetics 

>Good safety profile 

>Reduce post-therapy recrudescence 

[78,82,91] 

Table 4. New Drug Candidate Targeting Phosphatidylinositol 4-kinase (PI4K). 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

KAF156 (Ganaplacid) Imidazolpiperazine PI4K, PfVP2 3 Sexual erythrocytic, asexual 

erythrocytic, and pre-

erythrocytic stages 

>Possibly hepatotoxic 

>Very effective against Pf resistant 

chloroquine and lumefantrine 

[27,79,87–89] 

UCT943 Piperazine Amide 

Derivatives 

PI4K Preclinical Pre-erythrocytic, asexual 

erythrocytic, and gametocyte 

stages 

>Can be used for Pf MDR (multidrug 

resistant) and CQS (chloroquine 

susceptible) 

>Effective at low doses 

>High safety profile 

[92,93] 

MMV048 Aminopyridine PfP14K 2a Asexual erythrocytic stage, 

and gametocytes 

>Can be used for prophylaxis [26,27,93,94] 

Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

KAE609 (Cipargamin)  Synthetic Spiroindolone PfATP4  2a All stages, gametocytes >Fast action speed 

>Effective against PfK13 mutation 

strains 

>Possibly hepatotoxic 

[32,75–81] 

OZ277 (Arterolane) 1,2,4-trioxolane PfATP6/PfSERCA, 

inhibition of hemoglobin 

digestion 

2-3 All stages >Combination was marketed in India 

in 2012 and in Africa in 2014 in 

combination artolane/piperaquine for 

uncomplicated malaria 

[26,27,75,82] 

SC83288 Optimized Amicarbalide PfATP6/PfSERCA Preclinical Erythrocytic stage, most 

active trophozoites 

>Suitable for severe malaria 

>Fast action speed 

>Without significant toxic effects 

[82,83] 

SJ733 Dihydroisoquinolone PfATP4 1 The biphasic effect on 

trophozoites and schizonts is 

rapid, followed by a residual 

ring stage. 

>Bioavailability >30% 

>High safety profile 

[78,81,84–86] 
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Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

MMV390048 2-aminopyridine PfP14K 2a All stages except the final 

hypnozoite 

>Can be used for prophylaxis [26,75,81,82,93] 

Table 5. New drug candidates targeting choline transport. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

SAR9727 (Albitiazolium) Choline Analog Choline Transport 2 Asexual erythrocytic stage >Effective at low doses 

>IM for severe malaria 

>Not suitable for children 

[26,27,82,95] 

Table 6. New drug candidate targeting heat shock protein (HSP). 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

SNX-0723 Aminobenzamide  HSP90 Preclinical Erythrocytic stage, pre-

erythrocytic 

>Works well in combination with PIK 

inhibitors (phosphatidylinositol 3 

kinase) 

[55,96] 

Table 7. New drug candidates targeting lactate transporters. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

MMV007839 Cyclic/linear hemiketal 

vinylogous acid 

Lactate H+ transporter Preclinical Erythrocytic stage >Kills at micromolar concentrations [76,97] 

Table 8. New drug candidates targeting glutathione homeostasis. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Methylene Blue Thiazine Pf glutathione reductase, 

heme polymerization, 

produces oxidizing 

species 

2 Erythrocytic stage - [26,39,41,98] 

Table 9. New drug candidate targeting parasite protein transporters. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

ACT-213615 Piperazine containing 

compounds 

Possibly protein 

transporters 

Preclinical Asexual erythrocytic stage >Fast effect [61, 78] 

Table 10. New drug candidate targeting acetyl CoA synthetase. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

MMV693183 

(Pantothenamide) 

Pantothenamide Acetyl-KoA sintetase Preclinical Erythrocytic and gametocyte 

stages 

>Has effect on nanomolar 

concentration 

>Very high safety profile (>30 x safety 

margin) 

[79, 80] 

Table 11. New drug candidates targeting proteasomes. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Epoxomycin Epoxide 20S proteasom Preclinical Erythrocytic and gametocyte 

stages 

>Can block the production of oocysts 

in the mosquito's body 

[26,100] 

Lactacystin Acetamide 20S proteasom Preclinical All stages >No mild side effects [101] 

MG132 (Bortezomib) Synthetic Aldehyd 

Peptides 

Hemoglobin and 

proteasome degradation 

Preclinical Erythrocytic, gametocyte, and 

preerythrocytic stages 

- [65,102] 
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Table 12. New drug candidate targeting aaRS. 

Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

BRD7929 Azetidine Biscyclic Phenylalanyl-tRNA 

synthetase 

Preclinical Pre-erythrocytic, asexual 

erythrocytic, and gametocyte 

stages 

>80% bioavailability 

>High water solubility 

>Half-life 32 hours 

>Need further structure optimization to 

be more selective 

[71,73] 

Table 13. New drug candidates produce toxic oxidative species. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

E209 Tetraoxane Production of oxidative 

species 

Preclinical Erythrocytic and gametocyte 

stages 

>Can overcome ART-resistant Pf 

mutation PfK13 

>Good stability and half-life 

>Potential better than ACT in 

combination 

[82,103] 

Tafenoquine (Krintafel) 8-aminoquinoline Oxidative stress and 

proteotoxicity 

2b-3 

 

Erythrocytic, pre-

erythrocytic, and gametocyte 

stages 

>Prevents relapse of P. vivax and P. 

ovale 

>Single dose of P. vivax radical drug 

>Risk of hemolytic anemia for 

patients with glucose 6-phosphate 

dehydrogenase (G6PD) deficiency 

>High half-life 

[78,104–106] 

OZ439 (Artefenomel) 1,2,4-trioxolane 2nd 

generation 

Possibly ART-like 

(produces oxidative 

species and inhibits heme 

detoxification) 

2b All stages, especially the 

erythrocytic stage 

>Quick clearing activity 

>High safety profile 

>High half-life 

[17,78,81,82,107,108] 

Table 14. New drug candidates targeting pyrimidine biosynthesis. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

DSM190 Triazolopirimidine DHODH Preclinical Erythrocytic and pre-

erythrocytic stages 

>Binding to DHODH is still weak 

compared to other candidates 

[78] 

DSM265 Triazolopirimidine DHODH 2 Erythrocytic and pre-

erythrocytic stages 

>Potential as a complementary 

medicine 

[26,78,82,109,110] 

DSM421 Triazolopirimidine DHODH Preclinical Erythrocytic and pre-

erythrocytic stages 

>Modification of DSM265 with better 

physicochemical and pharmacokinetic 

properties 

[78,111] 

P218 P65 derivative 

(WR99210 analogue) 

Diaminopyridine 

PfDHFR and DHODH 1 Erythrocytic and pre-

erythrocytic stages 

>Effective against pyrimethamine-

resistant malaria 

[26,75,81,82,109,112] 

Table 15. New drug candidate targeting heme detoxification. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Methylene Blue Thiazine Pf glutathione reductase, 

heme polymerization, 

produces oxidizing 

species 

2 Erythrocytic stage - [26,39,41,98] 
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Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

AQ13 4-aminoquinoline Possibility of heme 

detoxification 

2 Asexual erythrocytic stage >Effective against Pf CQS 

(chloroquine susceptible) and CQR 

(chloroquine resistant) 

>Needs testing on non-immune 

patients 

[82,113,114] 

SSR97193 (Ferroquine) 4-aminoquinoline Heme detox -(usually 

used in 

combination 

with 

artefenomel / 

artesunate) 

Erythrocytic stage >Very long half-life 

>Prophylaxis promises 

>Cardiovascular side effects 

>Hepatotoxic effects should also be 

monitored in combination use 

[115–119] 

OZ439 (Artefenomel) 1,2,4-trioxolane 2nd 

generation 

Possibly ART-like 

(produces oxidative 

species and inhibits heme 

detoxification) 

2b All stages, especially the 

erythrocytic stage 

>Quick clearing activity 

>High safety profile 

>High half-life 

[78,82,107,108] 

Table 16. New drug candidate targeting 80S ribosome and elongation factor. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

M5717/ DDD107498 

(Cabamiquine) 

Quinoline-4-

carboxamide 

Ribosom 80s, PfEF2 1 Pre-erythrocytic, erythrocytic, 

and gametocyte stages 

>Quick activity 

>High pharmacokinetics 

>More effective than artesunate 

>Can be single dose chemoprophylaxis 

[81,98–100] 

Table 17. New drug candidate targeting parasitic RNA transcription. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Benzoxaboroles Heterocyclic boron Polyadenylation specific 

factor subunit 

Preclinical All stages, the most active is 

the trophozoite stage 

>High pharmacological and 

pharmacokinetic activity 

>High safety profile 

[46, 101–103] 

Table 18. New drug candidates targeting isoprenoid biosynthesis. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Fosmidomycin Phosphonic acid 

derivative antibiotics 

DOXP Reductoisomerase 2a and 2b Erythrocytic stage (late 

schizont) 

>Combined with Clindamycin 

>Can be used on children 

> 95% therapeutic success at day 28 in 

children 

[14, 15, 104] 

Table 19. New drug candidate targeting electron transfer. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

MK-4815 Mannich base Possible mitochondrial 

electron transport chain 

Preclinical Erythrocytic stage >Half life high, 

>High safety profile 

>Good pharmacokinetic properties 

[82,120] 

ELQ-300 4-quinolone-3-diarileter Cytochrome complex 

(cytochrome bc1 

complex) 

Preclinical Erythrocytic stage and pre-

erythrocytic stage 

>Slow activity 

>Good oral bioavailability 

>Difficult to cause resistance 

>Poor pharmacokinetics, 

>Low plasma concentration 

[121–123] 
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Table 20. New drug candidate targeting AQP3. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Auphen Inorganic compounds 

containing gold 

AQP3 Preclinical Erythrocytic stage and pre-

erythrocytic stage 

- [85] 

Table 21. New drug candidate targeting plasmepsin. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

WEHI-842 Carbamate Plasmodium export 

element (PEXEL), 

Plasmepsin V 

Preclinical Asexual erythrocytic and 

gametocyte stages 

>0.2 nanomolar inhibition 

concentration 

 

[36] 

WEHI-916 Carbamate Plasmodium export 

element (PEXEL), 

Plasmepsin V 

Preclinical Erythrocytic stage and 

preerythrocytic stage 

- [36] 

Table 22. New drug candidates targeting parasitic proteases. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Streptomyces LK3 Extract Peptide Parasitic proteases Preclinical - - [44,64] 

Table 23. New symptomatic medicine candidate. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

DF02 (Sevuparin) Heparin Antiadhesive 

polysaccharide 

1 and I/II Asexual erythrocytic stage > Overcome microvascular obstruction 

>Given as IV 

[26,124,125] 

E6446 Nucleic acid-responding 

TLR synthetic 

antagonists 

TLR9 and TLR8 Preclinical Prevents excessive 

inflammatory reaction 

>To reduce cerebral malaria lethality [78] 

Table 24. New antimalarial drug combination candidate. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Cipargamin-Ganaplacid Cip = Spiroindolone 

Gan = 

Imidazolpiperazine 

PfATP4, PI4K, PfVP2 Precilinical All stages and gametocytes - [126–128] 

Ganaplacid-Lumefantrine Gan = Imidazole 

Piperazine 

Lum = aril amino 

alcohol 

PfCARL, DHODH 2b - - [82,109,129] 

Artefenomel + Piperaquine ART = trioxolane 

Pip = 4-aminoquinoline 

ART= similar to ART 

Pip = bond with heme 

2b All stages >Efficacy is still 71%, 68%, 79%, not 

yet eligible 

[107,115] 

Artefenomel-Ferroquine ART = trioxolane 

Fer = 4-aminoquinoline 

ART = similar to ART 

Fer = bond with heme 

2b All stages, especially 

erythrocytic 

>Research stopped in 2018 

>Combination efficacy is less effective 

in children under 5 yr. side effect = 

severe vomiting. 

[115,130] 

Table 25. New drug candidates from natural ingredients. 
Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Bulbine frutescens root extract Joziknipholones A and B 

(phenylanthraquinone)  

Unknown Preclinical Unknown Effective against CQR (chloroquine 

resistant) strains 

[55,131] 
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Candidate Class Target Clinical Test Life Cycle Target Note(s) Source(s) 

Methylated flavonoids Flavonoid HSP90 Preclinical Unknown, probably 

erythrocytic and 

preerythrocytic 

 [55]  

Nauclea pobeguinii bark 

extract 

Strictosamide (similar to 

spiroindolone) 

Possibility of Ptpn 4 (P 

type Na+ ATPase) 

2b  Unknown, probably all stages 

including gametocytocidal 

The active substance must be activated 

in the digestive tract before it becomes 

the active form 

[75,132] 

Argemone mexicana extract Various alkaloids Unknown 2 Unknown - [75,133] 

Artocarpus champedes Bark 

Extract 

Methylated flavonoids Increases immune system 

activity (inflammatory 

cytokines, IFN-γ, TNF-α) 

Preclinical - >Also involves inhibition of malaria 

heme detoxification 

[134] 

Arylmethylamino Steroids Sarachine steroid 

derivatives 

Glutathione Homeostasis Preclinical Unknown >Fast action 

>Low plasma stability 

[82] 
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This causes drugs developed with mechanisms similar to conventional drugs to be at 

risk of cross-resistance due to resistance that arises from conventional treatment. Although 

proven effective in in vitro and in vivo tests, treatment with these two mechanisms is still less 

than ideal compared to the three newer mechanisms: membrane biosynthesis, pyrimidine 

biosynthesis, and ATPase pumps. The use of drugs with this new mechanism should be 

prioritized in areas with high resistance, such as the Greater Mekong region, while for areas 

with low resistance, conventional drugs or new drugs with mechanisms similar to conventional 

drugs should be used. This is intended to further reduce the possibility of new resistance to 

drugs with new mechanisms.    

The development of new antimalarial drugs has found many drugs with interesting, 

specific efficacy. There are even malaria drugs that work to reduce malaria-related mortality. 

Drugs such as Cipargamin and E209 have been shown to be effective against artemisinin-

resistant Plasmodium falciparum. Candidates such as CDRI9778 and UCT943 also showed 

satisfactory activity against P. falciparum MDR (multidrug-resistant) strains. Ganaplacid and 

AQ13 also showed high activity against P. falciparum CQR (chloroquine-resistant). Three 

drugs targeting the parasite ATPase pump Arterolane, Cipargamin, and Ganaplacid have a high 

potential to be developed as the main therapy for malaria in the future, especially for areas with 

high ACT transmission and resistance. Even so, it is still necessary to optimize the side effects 

and safety profile of this drug candidate. For severe malaria, candidates such as SC83288 and 

Albitiazolim show satisfactory potency. Tafenoquine has also been found as an alternative to 

radical drugs other than primaquine. In addition to drugs that seek to eliminate parasite 

numbers, there are drugs being developed to reduce lethality associated with severe malaria 

cases. Examples are Sevuparin and E6446. Each of these two drugs is used to treat 

microvascular obstruction and to treat immune hyperactivity in cerebral malaria. Treatment 

using natural ingredients with the highest potential is a drug from the bark extract of Nauclea 

pobeguinii, which has entered phase 2 clinical trials. However, this natural treatment does not 

have a clear mechanism and target, so its development is irrational. This can complicate the 

optimization and modification process if it is found that there are obstacles when administering 

malaria therapy in the future. Even so, this natural treatment still has hope. Identifying specific 

compounds that have activity can make the herbal treatment much more reliable, as can the 

identification of quinine bark isolates (quinine) and qing-hua herbs (artemisinin).  

4. Conclusions 

Cases of infective disease resistance are serious cases that must be responded to 

quickly, responsively, and carefully by health agencies around the world. Steps that must be 

taken to respond to resistance to conventional antimalarial drugs are to stop the spread of 

resistance (by increasing vector control and chemoprophylaxis), increase surveillance for 

evaluation of resistance, increase access to quality diagnosis and therapy, and develop new 

therapies. The development of new therapies can be done by developing conventional therapies 

(change in therapeutic regimens, different combinations, or use of non-antimalarial drugs) or 

by finding new targets that can be inhibited by the use of new drugs (rational drug 

development). 

New targets of new antimalarial drugs that have been identified are parasitic glycolysis 

pathway, parasitopore vacuole, shikimate metabolism, purine salvage pathway, pyrimidine 

biosynthesis, Plasmodium specific transporter, carbonic anhydrase, P-type ATPase, V-type 

ATPase, parasite membrane biosynthesis, aquaporin 3, parasitic protein kinase, isoprenoid 
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biosynthesis, Pf translational elongation factor 2, farnesyltransferase, proteasome, apicoplast, 

food vacuole, parasitic protease, aminopeptidase, heat shock protein, PfNCR1, aaRS, and 

acetyl CoA synthetase. The most potential targets for further development are ATPase pumps, 

pyrimidine biosynthesis, and parasite membrane biosynthesis. Of the many targets that have 

been found, new drugs have been rationally developed and have shown promising efficacy, 

safety, and quality through clinical and preclinical trials that have been carried out. Interesting 

new antimalarial drugs for further development are Cipargamine and E209 (suitable for 

artemisinin derivative-resistant Plasmodium), CDRI9778 and UCT943 (suitable for 

Plasmodium multidrug-resistant strains), and Ganaplacid and AQ13 (suitable for chloroquine-

resistant Plasmodium). Albitiazolium and SC83288 are suitable to be developed for the 

treatment of severe malaria. Sevuparin and E6446 can reduce lethality in microvascular 

obstruction and cerebral malaria cases. The Ganaplacid-Lumefantrine combination entering 

phase 2b clinical trials, has promising activity, including for artemisinin-resistant Plasmodium. 
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