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INTRODUCTION 
Malaria is the most prevalent parasitic disease of human 

beings. It is transmitted in 109 countries out of which 45 are in 

Africa [1]. Five species of the apicomplex protozoan of genus 

Plasmodium transmitted to humans by the bites of the female 

mosquito vector of the Anopheles genus are responsible for 

malarial infections in human beings. Most of the cases are due 

to Plasmodium falciparum or P. vivax, but infections in 

humans can also be caused by P. ovale, P. malariae, and in 

some parts of South East Asia by the monkey malaria P. 

knowlesi. Various strains of Plasmodium resistant to many of 

available drugs have appeared, making the efficient therapy of 

malaria more demanding [2]. The dosage regimens for Malaria 

therapy are complex and are known to reduce patient 

adherence to the therapy. Lack of patient compliance has led 

to the emergence of multidrug-resistant strains of parasites [3]. 

The complexity of the chemotherapy is mainly attributed to 

the different stages of the parasite life cycle. It can be treated 

with antimalarial combinations; however, toxicity, side- 

 

effects, low drug solubility, and drug resistance continue to 

drive drug-delivery research. Nanoparticles, due to their size 

scale, have unusual physicochemical properties that differ 

substantially from those of the bulk materials of the same 

composition [4]. Nanoparticulate drug delivery systems 

represent a promising approach for obtaining desirable drug-

like properties by altering the biopharmaceutics and 

pharmacokinetics property of the drug molecule.  

  

EPIDEMIOLOGY 
The main factors determining the transmission intensity of 

malaria parasite are the density, biting habits, longevity and 

efficiency of the vector mosquito as follows:  

 Of the known more than 400 anopheline species, only 

around 25 are good vectors [5].  

 Effective ones are the ones with longevity, robustness to the 

environmental changes, and occurrence in highly dense 
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tropical climates, with rapid breeding patterns and with 

specific human-biting preferences [6]. 

 Childhood period (early) is more prone to mortality and 

morbidity and by adulthood infections are asymptomatic.  

 Infections may have annual as well as seasonal patterns 

like; increment in rainy season [7]. 

 The disease does not provide protective immunity and 

asymptomatic disease can occur at any age [8]. 

  

PATHOGENESIS 
Infected Red Blood Corpuscles adheres to walls of vessels and 

each other (platelet mediated agglutination) or non-infected 

RBCs (resetting). The attachment causes sequestration of 

infected erythrocytes into vital organs like brain (particularly), 

where the parasites thus collected interferes with the 

functioning of endothelium, metabolism and microcirculatory 

flow. P vivax, P ovale, and P malariae invade red blood cells 

selectively. The infected red blood cells become enlarged and 

gets deformed. By contrast, as P falciparum matures, the 

infected red blood cell becomes more spherical and rigid. In 

severe falciparum malaria, non-infected erythrocytes also 

become less deformable, which compromises flow through the 

partially obstructed capillaries and venules and shortens their 

survival. Rupture of Schizont releases parasite and host 

cellular material into the blood, which activates monocytes 

and macrophages and induces the release of pro-inflammatory 

cytokines, causing fever and other pathological effects [9, 10, 

11, 12].   

 

DRUG TRANSPORT INTO THE 

PARASITE 
The main aim of drug therapy is to provide high drug 

concentration in the intercellular parasitophorous vacuole 

hosting the plasmodium [13, 14]. There are multiple 

membranes to be crossed by the antimalarial drugs to access 

the intra-parasitic targets. These are in orderly fashion starting 

from: 

 The cell membrane of the host  

 The vacuolar membrane containing the parasite 

 The cell membrane of the parasite 

 Organelle membrane (depends upon site of the action)- food 

vacuole/endoplasmic reticulum [15]. 

 

pH differs in these compartments in infected erythrocytes 

which might be exploited for selective delivery using pH-

sensitive nanosystems [16].  

 

LIMITATIONS OF CONVENTIONAL 

THERAPY 

There are frequent failures associated with chemotherapy due 

to various factors: 

1. Intrinsic factors associated with the disease: 

a. Transmission conditions 

b. Difficulty in controlling the spread in the tropical areas 

c. Parasitic life cycle 

d. Resistance to drug therapy 

e. Immunocompromised patients suffering from malaria and 

HIV co-infection 

f. Complexity related to dosage regimens recommended 

2. Extrinsic factors related to drug usage: 

a. The quality of distributed drugs in some countries is poor 

b. Drug interactions 

c. Fewer toxic drugs are generally not available 

d. Insecticidal resistance in the vector 

e. Social conditions of affected populations 

f. Market Failure related to the inability of most consumers to 

pay for their drug therapy thus making the market for 

manufacturing antimalarial drugs non-profitable [17]. 

 

DRUG RESISTANCE  

The already limited antimalarial armory is now severely 

compromised due to the remarkable ability of the parasite to 

develop resistance to these compounds. However, the 

distribution of such type of resistance to anyone of particular 

drug greatly varies geographically; there are areas with a high 

prevalence of complete drug resistance, while in other areas 

there is a spectrum of sensitivity to various drugs [18].  

 

The resistance might have genetic basis related to the selection 

of parasites harboring polymorphisms, particularly point 

mutations, associated with reduced drug sensitivity, is the 

primary basis for drug resistance in malaria parasites [19, 20] 

and the ones exposed to sub-therapeutic drug concentrations 

are preferentially selected. 

 

Other reasons might be unregulated use, inadequate drug 

regimens or use of long half-life drugs singly or with 

Artemisinin combination therapies [21, 22]. Recrudescence, 

the reappearance of an infection after a period of quiescence 

have also been seen in case of a Artemisinin treatment 

specially in P. falciparum in some areas, however, the 

mechanism for such a happening remains unclear for the time 

being perhaps due to the complexity of mechanisms of action 

and potential targets of Artemisinin and the research related to 

parasite dormancy might just provide the mechanism in the 

near future remains to be seen[23, 24].  
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CHALLENGES 
Challenges faced by anti-malarial therapy:  

a. There is an urgent need to develop new strategies especially 

while considering the increased incidences of drug resistance 

and that too in the endemic areas of P. falciparum and 

combined therapy might be the answer. 

b. Toxicity levels of drugs vary considerably, thereby limiting 

their use due to lack of specificity to target cells in most of the 

formulations. Secondly, therapeutic levels over an extended 

period require higher drug concentrations and the use of lower 

dosage might contribute to resistance development.  

c. The site-specificity of the drug delivery system at the 

adequate dosage and at the right time in a safe and 

reproducible manner [25]. 

d. Most of the drugs used are targeted towards infected 

erythrocytes, but due to amphiphilicity of drugs they are 

distributed into body tissues, get metabolized in the liver 

rapidly, and get associated with plasma proteins in blood 

vessels and the drug in the blood is taken out quickly from 

circulation resulting in shorter half-lives. Compensating for 

this higher dosage must be given leading to toxic effects and 

local concentrations of drugs contributing to drug resistance 

development. So, a higher degree of targeting is necessary. 

e. Drugs targeting at multiple stages of the life cycle of 

malaria parasite are required. 

f. For optimized drug therapy, new medicines must also be 

able to reduce transmission and prevent relapse of dormant 

forms. 

g. The newer molecules must be screened to have selection 

wider for five species of the parasite which infects humans. 

h. Risk assessment to resistance development keeping in mind 

the mechanisms of development of resistance should be done. 

i. Affordable medicines should be produced and provided.  

 

1) Challenges faced by the eradication agenda:  

a. Single-dose cure leads to decreased treatment costs and 

observed administration increased course completions. 

b. Safer drugs to be given that remain at the site of action for 

at least two parasite cycles. Activity should be against all 

species especially towards drug-resistant strains and the 

compound used should have very less selectivity for resistant 

phenotypes. 

c. Transmission-blocking preventing transmission of parasites 

breaking the cycle, gametocyte stage specificity is a pre-

requisite. 

d. Hypnozoites treatment and relapse prevention. Preventing 

relapses and getting drugs that reduce gametocyte formation 

or kill them are highly desirable but hardly explored domain. 

e. Chemoprevention: RTS, S (‘R’ stands for the central repeat 

region of Plasmodium, ‘T’ for the T-cell epitopes 

circumsporozoite protein (CSP) and ‘S’ stands for Hepatitis B 

surface antigen) vaccine is available for children for but, there 

is a significant need of a molecule effective for adult 

population. Natural immunity to the disease may fall in 

Africans and newer drugs with higher half-lives are required. 

Potent depot formulations with a daily human dosage of less 

than 10mg and preferably less than 1mg is required [26]. 

 

CURRENTLY INVESTIGATED 

ANTIMALARIAL STRATEGIES 
1. Transmission blocking agents: 

They target end points such as: 

a. The mature gametocytes formed in the human host are 

completely and efficiently killed. 

b. The development of gametocytes into ookinetes and then 

into sporozoites in the mosquito is inhibited. Tafenoquine, 

NITD609 and GNF156 has in vitro shown such activity. 

Tafenoquine is particularly effective in curing of relapsing 

malaria and prevention of P. vivax and P. falciparum 

infections. Other blocking agents are: Trioxaquine, U1302, 

Epoxomicine, Tipranavir (HIV protease inhibitor), 

Thiostrepton, Cycloheximide, and Ketotifen [27, 28].  

2.  Phospholipid analogs: 

These are based on the mechanism of inhibition of the de novo 

biosynthesis pathway of phosphatidylcholine in plasmodium. 

The Phospholipid metabolism is absent in mature erythrocytes 

but is rapid in infected ones. Choline transport from serum to 

RBC is affected by erythrocyte choline carriers (ECC) and in 

infected ones, parasite encoded ECC is involved in offering 

another potential target to antimalarial drugs. Phospholipid 

analogs specifically accumulates in infected RBSs, blocking 

phosphatidylcholine biosynthesis and interacting with 

hemozoin. Some of the investigational agents are:  

 Mono-quaternary agents 

 Bis-thiozolium salts (albitiazolium) [29] 

3. Apicoplast targeting: 

Targeting is focused on apicoplast, an organelle ancestrally 

related to chloroplasts. The apicoplast is involved in a non-

essential pathway in the asexual blood stages of Plasmodium 

but is having a key role in the development of infectious liver-

stage forms. Tetracycline is effective in such a targeting 

objective [30]. 

4. Natural Products:  

Natural products and medicinal plants have been extensively 

evaluated and reported for therapies of many human diseases. 

Artemisinin and Quinine derivatives have been taken from 

nature’s reserve. Malaria chemotherapy can be optimized by 

modifications in existing agents with natural products. Table 1 

gives examples of natural products and extracts with 

confirmed or presumed activity in humans [31, 32, 33]. 
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Table 1:  Natural products and extracts with confirmed or presumed activity in humans [33, 34, 35].. 

 

S. No. Drug  Limitations 

1. Mefloquine (singly, combination 

with Sulfapyrridine and 

Artesunate) 

Resistance,  toxicity, neuropsychiatric adverse events 

2. Doxycycline(combination) Non-compliance 

3. Tefenoquine (singly & 

combination) 

Haemolysis in patients with G6PD deficiency 

Table 2: Drugs reconsidered for antimalarial therapy along with their limitations [38,39, 40, 41, 42, 43]. 

 

S. No Category Examples 

1. Anti-HIV • Saquinavir, Ritonavir, and Indinavir are effective against 

P. falciparum 

• Act by inhibiting the parasite’s aspartic proteases, termed 

Plasmepsins, located on food/digestive vacuole or non-

digestive vacuole 

2. Anti-cancer • SU-11274 and Bay 43-9006 

• Targets plasmodium protein kinase  

Table 3:  Repurposing of drugs [46, 47, 48, 49, 50, 51] 

 

 

 

 

S. No. Natural drug Source Mechanism of action 

1. Quinine Cinchona genus Assumed to be similar to chloroquine and prevent Heme 

polymerisation 

2. Lapachol 

Lapinone 

Atovaquon 

Bignoniaceae Electron transport inhibition 

3. Artemisinin Artemisia Annua Free radical activation in the presence of free ferrous 

Iron liberated in erythrocytes by parasite digestion of 

Haemoglobin 

4. Yingzhaosu A Artabotrysuncinatus 

(Ying Zhao) 

Presumed to be free radical activation in the presence of 

free ferrous iron liberated in erythrocytes by parasite 

digestion of haemoglobin 

5. Cryptolepine Cryptolepissanguinolenta DNA intercalation 

6. Curcumin Curcuma Longa Antioxidant activity 

7. Gedunin Azadirachtaindica HSP90 inhibitor 
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S. No Types of 

modification 

Name of drug/ Chemical entity Effect of modification 

1. Derivatization • 4-position modified quinoline-

methanol compounds 

(Mefloquine) 

• 8-aminoquinoline analogs 

• Artesunate 

• Less toxicity 

 

• Better pharmacological and 

toxicological profile 

• Water solubility 

2. Hybridization • 4-amino-7-chloroquinoline 

antimalarial 

• DHA+carboxylic acid 

• Trioxaquines 

• Active against 

chloroquineresistantstrains 

• Improved antimalarial 

activity 

Table 4:  Modifying existing compounds [52] 

 

5. Hybrid compounds: 

Researchers have combined Chloroquine with compounds 

reverting or blocking the resistance mechanisms. These are as 

follows: 

a. Imipramine (Antidepressant) - has shown mild anti-malarial 

activity and inhibition of P. falciparum chloroquine resistance 

transport responsible for chloroquine efflux in chloroquine-

resistant parasites. 

b. Astemizole (Antihistamine): has shown chloroquine 

resistance reversal activity [34]. 

 

6. Combination antimalarial drugs: 

They allow multidrug and multi-kinetic drug delivery systems. 

Modules or release units are having alternating concave and 

convex bases to obtain interlocked assembly. The modules can 

be formulated for immediate or prolonged release thus 

providing flexibility in programming.  The alteration of an 

assemblage of modules can help is required pharmacokinetics 

of the selected drugs, release programs, site and time of 

delivery of single drugs [35]. 

 

NEXT GENERATION 

ANTIMALARIAL TREATMENTS 
These are as follows: 

1. Reconsidering drugs with limitations 

2. Repurposing of drugs 

3.Development of new drugs by modifying existing 

compounds 

4. Creating new combinations 

5. Anti-sequestration compounds an interesting possibility 

6. Novel routes of drug delivery 

7. Drug Delivery to the malaria parasite using an arterolane-

like scaffold 

8. Targeting vitamin biosynthesis pathways 

9. Multiple targeting approaches 

10. Nanotechnology-based approaches in anti-malarial therapy  

 

 

1. Reconsidering drugs with limitations:  

Following drugs have been reconsidered for antimalarial 

therapy due to reasons: Refer Table 2: Drugs reconsidered for 

antimalarial therapy along with their limitations [36,37, 38, 

39, 40, 42]. 

 

2. Repurposing of drugs:  

One of the approaches for rapidly identifying and bringing 

new drugs to the market for the treatment of malaria is to 

repurpose existing drugs that are currently approved for the 

treatment of other infections or diseases. Refer Table 3:  

Repurposing of drugs [43, 44, 45, 46, 47, 48]. 

3. Development of new drugs by modifying existing 

compounds:  

Refer Table 4 for examples of Modifying existing compounds 

[49]. 

 

4. Optimizing available antimalarial:  

This is based on the understanding that the drug-resistant 

mutants are less likely to fit and survive than their wild-type 

strains in the absence of drugs they have developed resistance 

[50]. For example, Chloroquine was removed from Malawi, a 

region with a high level of Chloroquine resistance, 

Chloroquine sensitivity returned [51]. 

 

5. Creating new combinations:  

New combinations of drugs for increasing the effectiveness of 

malaria therapy have been investigated. Few of them with 

some success are as follows: 

a. Chlorpheniramine and Chloroquine 

b. Primaquine and Antiretroviral protease inhibitors 

(Saquinavir)-Chloroquine resistance reversal agents 

c. Fluoxetine (antidepressant) along with Chloroquine and 

Mefloquine- resistance reversal agents 

d. Ketoconazole (antifungal) along with Mefloquine-resistance 

reversal agents [52]. 
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6. Anti-sequestration compounds-an interesting 

possibility:  

These agents not only kill the malaria parasite but also prevent 

them from causing severe forms of disease by inhibiting the 

parasite’s ability to sequester.  Sequestration is due to parasite-

derived adhesions, expressed on the surface of mature infected 

erythrocytes, binds to receptors on human cells 

(cytoadhesion). Organ-specific sequestration of parasite 

results in cerebral and placental malaria [53]. Cytoadhesion 

has been inhibited by the usage of antiretroviral protease 

inhibitors (Ritonavir and Saquinavir) and seaweed-derived 

polysaccharides (Carrageenan’s) in in-vitro setting. 

Levamisole used in adjunctive therapy along with quinine and 

Doxycycline has been found active for the anti-sequestering 

activity. 

 

7. Novel routes of drug delivery:  

while being used as a general rule, oral for uncomplicated 

malaria and Parenteral for severe and complicated malaria it 

has been found that novel routes are having improved 

specificity, efficacy, tolerability and therapeutic index of 

existing drugs. 

a. Ceramic implants: Polymers (polylactic acid, gelatin or 

chitosan) are matrices for ceramic particles that can introduce 

a tailored biodegradable drug. Gelatin ceramic implants have 

been reported to sustain consistently therapeutic blood 

Chloroquine (CQ) concentrations in experimental animals. 

b. Transdermal route of drug delivery: The advantages of 

Transdermal route includes- avoidance of hepatic first-pass 

metabolism, easy administration and possibility of immediate 

withdrawal of the treatment and sustained plasma drug 

concentration. 

c. Rectal route: Provides improved parasitological efficacy 

and pharmacokinetics in children with P. falciparum malaria 

relative to intramuscular and intravenous injections. Rectal 

administration is a painless procedure that enables self-

administration and reduces the risk of infections from already 

used needles. 

d. Nasal delivery: One advantage of the nasal route is the 

simplicity of administration and allowing easy treatment 

following the first signs of illness. Moreover, the nasal cavity 

allows the drugs to be delivered directly to the brain via the 

nasal membrane, which is vital in cerebral malaria [54]. 

 

8. Drug Delivery to the Malaria Parasite Using an 

Arterolane-Like Scaffold: 

Artemisinin and Arterolane act via initial reduction of 

peroxide bond in a process mediated by ferrous iron sources in 

the parasite. Arterolane –like 1, 2, 4-trioxolanes can be used 

for releasing a tethered drug species within the parasite. They 

provide the advantage of significantly low molecular weight 

and superior metabolic stability [55]. 

 

9. Targeting vitamin biosynthesis pathways:  

Biosynthesis pathways for vitamins B6 (pyridoxine) and B1 

(thiamine) have been identified in plasmodium and analyzed 

for their suitability as new potential drug targets of new drug 

discoveries [56]. 

 

10. Multiple stages targeting approach:   

Extensive research is undergoing to find or develop drugs 

targeting multiple plasmodium life stages thus increasing the 

effectiveness of drug therapy. Two under investigation are: 

1.  Spiroindoles 

2.  Imidazolopiperazines [57] 

 

NANOTECHNOLOGY BASED 

ANTIMALARIAL APPROACH 
 Role of nanotechnology in diagnosis 

 Role of nanotechnology in malaria therapy 

 Gene delivery with nanomaterials for antimalarial treatment 

 Malaria vaccination: exploring nanotechnology 

 

A. Role of nanotechnology in diagnosis: 

1. Nanosomic DNA analyzer: A smartphone-like device 

which can  analyze malaria strain DNA from a finger-prick of 

blood has been developed which enables a personalized 

prescription of the drug combination to be given to the patient 

straight [58]. 

2. Vapor nano bubbles: It uses a low powered laser that 

creates tiny vapor “Nano bubbles” inside malaria infected 

cells that gives out a unique acoustic during bursting to 

provide a very sensitive diagnosis [59, 60]. 

3. Detection and quantification of malaria parasite 

infection: Microscopically two methods are used for 

quantifying the infection: 

i) Giemsa staining-identifying ring and schizont stages of 

malaria parasite development and infected cells to non-

infected cells.  

ii) Fluorescent staining with SYBR green-to identifies 

malaria-infected cells, specific stages of the parasite 

development and to identify viable parasites [61, 62, 63]. 

4. Flow strip chip for diagnosis of malaria infection: It is 

based on the development of the micro-fluidic channels which 

mimic the sizes and shapes of capillary blood vessels and help 

in observing host-parasite interaction and malaria-infected red 

blood cells in the capillary environment. This has the potential 

for more accurate diagnosis particularly, at field sites [64]. 

5. Quantum dots: these can be used sometimes by studying 

the delivery of the contents of liposomes to erythrocytes 

infected by malaria parasite. 
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B. Role of nanotechnology in malaria therapy: 

Nano particulate drug delivery systems are promising to 

malaria therapy due to their ability to alter biopharmaceutics 

and pharmacokinetic property of the drug molecule. They can 

remain in blood stream for longer period of time resulting in 

longer interaction time between the system and infected cells. 

Other advantages are protection of unstable drugs, cell 

adhesion properties, ability to be modified (generally surface) 

to increase targeting abilities, etc. These can be used 

sometimes by studying the delivery of the contents of 

liposomes to erythrocytes infected by malaria parasite [65].  

 

1. Liposomes as Nanocarriers for antimalarial targeting: 

1.1 Conventional: 

1. Long-circulating neutral liposomes increase oral 

bioavailability and intravenously increased half-life of drug.  

2. Long-circulating negatively charged liposomes show an 

increase in therapeutic and prophylactic potential [66, 67, 68]. 

 

1.2 Targeted: 

1. Peptide targeted liposomes: The peptide is chemically 

bound to surface of PEGylated liposomes prepared with 

labeled lipids and has shown 100 times increase in targeting to 

hepatocytes and non-parenchymal liver cells than to other 

organs (heart, lungs & kidney) and 10 times more than to 

spleen [69, 70]. 

2. Antibody bearing liposomes: Antibody-targeted liposomes 

have shown to induce considerable enhancement in the 

liposome binding to erythrocytes in vivo finally resulting in 

reduced toxicity, improved therapeutic efficacy against 

malaria parasites, modified pharmacokinetics, and ensured 

prolonged in vivo release of drugs [71]. 

1.3 Liposomes as adjuvants for malaria vaccines: 

Liposome-based vaccines have shown the potential to induce 

both antibody and cellular immune response by 

simultaneously activating the major histocompatibility 

complex (MHC) class I and MHC class II pathways [72, 73]. 

 

1. Solid lipid nanoparticles:  

Transferrin-loaded nanoparticles have shown to have 

significantly enhanced the brain localization of quinine 

compared with unconjugated SLN or drug solution and 

reduced the amount of drug reaching the liver. Curcumin 

loaded nanoparticles or herbal solid lipid nanoparticles loaded 

into preformed chitosan nanoparticles obtained by ionotropic 

gelation with tripolyphosphate has enabled improved drug 

stability and enhanced drug oral bioavailability when 

administered to mice infected with a lethal strain of P. yoelii 

resulting in prolonging the survival of treated mice [74]. 

Chitosan-based Nano drug delivery system has shown 

overcome the efflux of CQ from DV and as well as reducing 

the resistant zones of CQ as well as CS-TPP nanoparticle 

conjugated chloroquine. The resistant zone of the age-old CQ 

as well as CS-TPP nanoparticle conjugated chloroquine [75]. 

2. Nanoject: The smaller NLC’s extravagate faster to the 

blood, thus improving pharmacological effect and increasing 

duration of action of drugs like Artemether with very short 

half-life [76]. 

3. Nano and micro emulsions: The Nanoemulsions (NE), oil-

in-water (O/W) emulsions with a mean diameter of ≤500 nm 

have advantages of Low cost and availability as oral dosage 

forms [77]. 

4. Micelle: Pharmaceuticals like micelles are providing new 

and exciting perspectives in the clinical treatment of several 

severe diseases, such as cancer, infections or 

neurodegenerative diseases [78, 79]. 

 

 

POLYMER BASED CARRIERS 

1. Polymeric nanoparticles: They can be modulated for both 

active and passive targeting and possess high stability in 

biological fluids and under stress conditions of preparation 

and storage, which qualifies them as promising drug delivery 

systems for antimalarial. PLGA-nanoparticles loaded with 

monensin loaded have been found to be 10 times more 

effective in inhibiting the growth of P. falciparum in vitro as 

compared to free monensin with efficacy depending upon the 

molecular weight of the polymer [80, 81]. 

2. Dendrimers: Hydrophobic antimalarial drugs solubilized in 

dendrimers have shown long circulating and site-specific 

characteristics. PEG-lysine type dendrimer along with 

chondroitin-sulfate A (CSA) has shown sustained and 

controlled delivery of the drug via the intravenous route of 

administration [82, 83, 84]. 

3. Cyclodextrin and inclusion complexes with antimalarial 

drugs: It has been suggested that sulphated-CDs inhibit 

Plasmodium growth by interacting with the anion transport 

protein, AE1. Furthermore, sulphated-CDs were found to be 

active against P. falciparum cultures and to inhibit P. berghei 

merozoite entry in RBC [85]. 

4. Nanosuspensions: Nanosuspensions are sub-micron 

colloidal dispersions of a pure poorly water-soluble drug 

stabilized by surfactants, without any matrix material 

suspended in dispersion and have been shown to be active in 

malaria drug therapy [86, 87].  

5. Nanocapsules: They show high entrapment efficiencies of 

lipophilic drugs and their low polymer content, low inherent 

toxicity are some of the main advantages of NC along with 

some therapeutic advantages of solubilization of poorly water-

soluble drugs, protection against drug inactivation in the 

gastrointestinal tract, protection against drug toxicity enhanced 
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permeation of drugs through mucosal surfaces and 

prolongation of the blood circulation of injected drugs [88, 89, 

90, 91, 92].  

6. Self-emulsifying drug delivery systems (SMEDDS): is 

one of the drug delivery systems that use a microemulsion 

achieved by chemical rather than mechanical means and have 

shown the better efficacy of Artemether when administered as 

Artemisinin suppository in terms of rapid parasites clearance 

and safety. The in vivo antimalarial activity showed a 

significant increase in antimalarial activity compared to 

Larither both in terms of survival and parasitemia progression. 

There is an increase in solubility and stability can be given 

orally, less costly and is patient-friendly [93]. Self-

nanoemulsifying drug delivery systems showed increased oral 

bioavailability and can be used along with other conventional 

available drugs and possibly be used for Artemisinin based 

combination therapy [94]. 

7. Liquid crystal nanoparticles:  for solubility enhancement 

of antimalarial drugs [95]. 

8. Pheroids: are colloidal delivery systems that contain stable 

lipid-based submicron and micron-sized structures and these 

structures can be uniformly dispersed in colloidal systems. 

They can be used to entrap, transport and deliver the 

therapeutics to a specific organ or part of the body and since 

they are made up of naturally occurring compounds, they are 

biocompatible, biodegradable and safe to be used in medicine. 

This technology has been used to deliver the antimalarial 

drugs Artemisone and artemiside which are derivatives of 

Artemisinin with good antimalarial activity but poor and 

erratic absorption upon oral administration [96]. 

9. Agglomerates: antimalarial drugs could be formulated as 

agglomerates and blended to obtain a combination product. 

Another option could be the mixing of two or more 

antimalarial drug powders before agglomeration with the goal 

to create multidrug antimalarial agglomerates. They are easy 

to handle, but at the same time the agglomerate structure 

preserves the advantages of a micronized dosage form with 

respect to biopharmaceutics and pharmacokinetics. This 

product appears to be particularly suitable for use in children 

and the elderly 

 

OTHER ANTIMALARIAL STRATEGIES: 

1. Nanoerythrosomes: These ensure delayed drug release as 

well as higher drug loading capacity [97]. 

2. Ferrous iron-dependent drug delivery: Malaria parasites 

produce high concentrations of mobile ferrous iron as a 

consequence of their catabolism of host hemoglobin in the 

infected erythrocyte. By using activity-based probes, 

successfully the Fe-II-dependent and parasite-selective 

delivery of a potent dipeptidyl aminopeptidase inhibitor has 

been successfully demonstrated [98]. 

3. Resealed erythrocytes: They have the ability to selectively 

accumulate within RES organs thus making them a useful tool 

during the delivery of anti-parasitic agent specially the 

parasitic diseases that involve harboring parasites in the RES 

organs. Results have been found to be positive [99]. 

 

 

C. Gene delivery with nanomaterials for antimalarial 

treatment: 

 The aim of using the antisense approach is to interfere with 

gene expression by preventing the translation of proteins from 

mRNA. As the malaria parasite divides rapidly after infection 

of human erythrocytes, DNA-replicating, enzyme-related 

genes, such as those of topoisomerases offer promising targets 

in the parasite.  

 Another study reported the use of antisense 

oligonucleotides (ODNs) against malarial topoisomerase II 

gene incorporated in chitosan nanoparticles [100]. 

 

D. Malaria vaccination: exploring nanotechnology: 

Plasmid DNA encoding for a fragment of the merozoite 

surface protein MP1 was condensed on the surface of 

polyethylene mine-coated superparamagnetic iron oxide 

nanoparticles (PEI-SPIONs). Due to magnetic transfection, the 

magnetic Nano carriers have been proven to improve 

efficiency and rate of gene delivery to different tissues. The 

DNA/PEI-SPIONs complexes administered subcutaneously, 

intramuscularly or intra-peritoneal elicited IgG2a and IgG1 

responses involved in the protective immunity against malaria 

[101]. 

 

OTHER DEVELOPMENTS IN 

ANTIMALARIAL THERAPY 
1. Calcineurin inhibitors: 

Harvard T.H. Chan School of Public Health researchers have 

found that a malaria parasite protein called calcineurin is 

essential for parasite invasion into red blood cells. The new 

findings suggest that parasite calcineurin should be a focus for 

the development of new antimalarial drugs. They found that 

the protein allows the malaria parasite in recognizing and 

attaching to the surface of red blood surface. Parasites with 

inhibited calcineurin showed ineffectiveness due to failure to 

invade [102]. 

2. Novel Drug delivery to the mosquito: 

This is based on administering anti-malarial to humans with 

sufficiently log half-life to increase their probability of being 

picked up by anopheles and good gametocidal activity 

showing agent may increase effectiveness [103]. 

3. Anti-malaria tea: It has been found that many 

communities in Asia and Africa drink tea made from Chinese 

sweet wormwood plant named Artemesia to help stave off 
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malaria as the plant is found to be source of Artemisinin 

derivative with other drugs. However, its bitter taste and risk 

of resistance development remains major challenge towards its 

use in mass control strategies against malaria [104]. 

4. Normal blood cell as carriers: They ensure that the 

parasite doesn’t even get the chance to start its development 

cycle, which it normally does during a ‘recovery period’ after 

a quick and stealthy entry into an RBC. They also have 

advantages of being biocompatible, long life span and 

available safe mechanisms for elimination from the body 

[105]. 

5. Plasmepsins: 

The parasitic aspartic proteases are termed as Plasmepsins 

(Plms) that are involved in the hemoglobin catabolism that 

occurs during the erythrocyte stage of the malaria parasite life 

cycle. They have provided new potential targets of 

antimalarial drugs [106]. 

6. Magnetic-resonance method: 

This method works by applying a mechanical torque through 

magnetic field to the hemozoin in the malaria parasite to get 

the iron crystals to rotate, oscillate, agitate, vibrate, and churn 

achieving the destruction of the parasite, either directly by 

mechanical battery that can tear the parasite’s internal 

membranes or indirectly by conversion of the mechanical 

energy into heat [107]. 

7. Enzyme targeting: The new anti- malaria drug interferes 

with parasite histone methyltransferases, enzymes which are 

crucial to the parasite's growth and viability during the blood 

stage of its lifecycle rapidly killing parasites in culture and 

greatly reduce parasite infection in mice in a single day [108]. 

8.Protein targeting: Targeting the protein responsible for 

making environment inside the red blood cell appropriate for 

the parasite to survive inside the cell is another novel approach 

[109]. 

9. Dual acting drug: A molecule identified and called as 

DSM265, targets parasite in both liver and blood stages and 

remains in the body for an extended period of time. This has 

the potential to act as both treatment and prevention for the 

disease [110]. 

10. ART hybrid: The ART hybrid, 1,2,4,5-tetraoxane (RKA 

182), is considered to be an outstanding antimalarial candidate 

with the advantages of enhanced stability, lower toxicity and 

improved biopharmaceutical properties (ADME) compared to 

the semi-synthetic antimalarial ART.  

11. Hybrid molecule: 

The hybrid molecule MEFAS, which is derived from MQ and 

AS, is more effective and less toxic than the combination of 

MQ and AS, as shown using an experimental in vitro test with 

P. falciparum and in animal models. The hybrid compound 

comprises dual functions) [111]. 

12. Ferroquine: A chloroquine analogue is considered to be 

the most advanced organometallic antimalarial is in clinical 

trials for the treatment of uncomplicated malaria[112]. 

 

CONCLUSION 
There are a large number of opportunities present for 

increasing the efficacy of antimalarial therapy. The newer 

targets for antimalarial drugs have provided a large number of 

opportunities as well as newer approaches to attack multiple 

stages have further boosted the fight against the parasitic 

disease. Newer molecules with increased efficacy, target 

specificity and other properties have provided a new hope as 

per as challenges related to antimalarial therapy and 

eradication agenda is concerned. Pharmaceutical technology 

can provide unlimited opportunities for improving the efficacy 

of the currently used antimalarial drugs and the new chemical 

entities characterized by poor solubility, chemical instability, 

inadequate bioavailability profile and toxicity. The wide range 

of modifications of the surface properties of these nanometric 

carriers are aimed at improving antimalarial selectivity in the 

newly discovered parasite targets have been very less 

exploited to date. Furthermore, there are several newer 

approaches which are under investigation. It is expected that 

this review will contribute towards better understanding of 

malaria disease and provide an overview of newer strategies 

for developing smart, well-tolerated cost-effective and 

targeted therapeutic nanosystems to treat patients infected with 

malaria. 
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