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Abstract 
The recent advances in malarial therapy or antimalarial drugs include various approaches to 
antimalarial chemotherapy. Particulate drug carrier systems used in malaria like liposome carriers, 
nanocarriers, microparticulate carrier systems, dendrimers, self-emulsifying carrier systems, 
nanotechnology, nanomedicine and liposomal malaria vaccine are being used as a safe and potent 
adjuvant therapy. It has been observed that with the help of these drug carriers the efficacy of 
antimalarial drugs is enhanced with higher bioavailability and reduced toxicity. Further, 
nanotechnology can result in improved half-life, controlled release and better bioavailability of most 
therapeutic compounds that have poor bioavailability. 
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INTRODUCTION 
Malaria is a serious disease that is transmitted to humans through the bite of female Anopheles mosquito. 
Malaria is mostly widespread across Asia, Africa and America. About 40% of the population is infected by 
malaria. Malaria is caused by five species and they are Plasmodium falciparum, Plasmodium vivax, Plasmodium 
ovale, Plasmodium malariae and Plasmodium Knowlesi. Malaria is caused by blood transfusion, organ transplant, 
shared use of needles or syringes contaminated with blood and from a mother to an unborn child before 
or during delivery. The symptoms of malaria includes fever, chills, headache, fatigue, vomiting and yellow 
skin in severe cases.1 The life cycle of malaria parasite include liver stage, blood stage, transmission stage 
and mosquito stage. In the liver stage, the replication stars once the parasite enters the liver, P. vivax and P. 
ovale causes relapses in the liver. In the blood stage, the merozoites are formed, enter the bloodstream and 
infect red blood cells. In the transmission stage, male and female gametocytes are formed and in 
mosquito stage, finally sporozoites are formed.2 
 

ANTIMALARIAL DRUGS 
4-Aminoquinolines (Chloroquine, Amodiaquine)  
Chloroquine was first synthesized in 1934 and used and used all over the world in 1940s. Chloroquine is 
being widely used because of high efficacy, low toxicity, cheap synthesis and ease of use. Chloroquine 
causes inhibition of food vacuole phospholipases, inhibition of aspartic proteinases, effects on DNA and 
RNA synthesis. Chloroquine works against erythrocytic stages of malaraia parasites. Chloroquine is being 
used with Amodiaquine due to the development of ACT.3 Chloroquine is used in combination with 
artemesinin compounds. Monodesethylchloroquine is the active metabolite of chloroquine. The data 
shows biphasic elimination, large β-phase half-life and a large volume of distribution. The reports of CQ 
pharmacokinetic shows long half-life, large volume of distribution, low clearance and pharmacodynamics 
study shows that a single dose of chloroquine shows a decrease in parasitemia.4 About 50% of resistance 
is due to P.falciparum. Chloroquine resistance is due to the decreased accumulation of chloroquine in the 
food vacuole. It decreases because of the increase in drug efflux. PfMDR1 has been seen on food 
vacuole, i.e., Plasmodium falciparum multidrug resistance.1 The areas where chloroquine resistance in 
Plasmodium falciparum found are Gujarat, Madhya Pradesh, Kerala, Orrisa, Nagaland, Chattisgarh, Assam, 
Andaman and Nicobar.5 
 
Amodiaquine was first used in 1946 and found to be worked effectively against CQ-resistant strains. 
CQ/AQ has been used together in combination for about last 20 years. MB-AQ is also easily available 
and comes under non-ACTs.4 
 

Cinchona Alkaloids  
The extract of cinchona bark was used in 1632 and used for tertian fever for malaria. Quinine and 
Quinidine active against blood stage of parasite. Quinine binds to heme and also inhibits potassium 
channels and increase otic cells to cause tinnitus. Quinine resistance was seen in 2010. PfMDR1, the 
multidrug resistance protein was seen in quinine resistance. Quinine was absorbed from the 
gastrointestinaltract, 20% of it is excreted in urine and the remaining converted in the liver by cytochrome 
P4503A4.4 Oral quinine is used for the treatment for uncomplicated malaria. The findings shows that a 
three day course of quinine plus artesunate shows 50% cure rate. Quinine with clindamycin is used in first 
trimester of pregnancy.6 
 

Piperquine  
Piperaquine is a bisquinoline antimalarial drug and is used together with artemesinin drugs. PQ decreases 
recrudescence. The efficacy of PQ was increased in combination with DHA. It has a long half-life, low 
cost, low resistance.7 
 

8-Aminoquinolines (Primaquine and Tafenoquine)  
Primaquine was used since 1920s and used effectively in 1946.  Primaquine is active against asexual blood 
stages of P.berghei and P.vivax. Primaquine accumulates inside mitochondria, causes swelling and finally the 
mitochondrial function is destroyed. Primaquine is fastly absorbed, distributed into the body tissues and 
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its elimination half-life is 6 hours. The resistance due to primaquine has been seen in P.berghei and 
P.knowlesi.4 
 
Tafenoquine was developed by Glaxosmithkline and US Army and is a 8-aminoquinoline antimalarial 
drug.  It is used in place of Primaquine. It is an analog of Primaquine. The mode of action includes 
mitochondrial dysfunction. The absorption occurs from the gut and no metabolites are found in urine. It 
is used for antirelapse therapy and for radical cure.4 
 

4-Methanolquinolines  
Mefloquine  
Mefloquine was used in the 1970s for chemoprophylaxis. Mefloquine works against erythrocytic stages of 
Plasmodium falciparum and Plasmodium vivax. Mefloquine interferes with the transport of haemoglobin and 
other substances and finally leads to swelling and cytotoxicity. Mefloquine is orally absorbed, metabolized 
by cytochrome P450 enzyme and finally eliminated. It is used for prophylaxis and intermittent preventive 
therapy (IPT). A multidrug resistance (MDR) gene-1 (PfMDR1) has been seen.4 
 

Halofantrine 
Halofantrine was developed in 1960s by Glaxosmithkline and its molecular formula is C26H30Cl2F3NO. 
The mode of action is that it forms complexes with Ferriprotoporphyrin IX and causes inhibition of 
haemozoin formation. When administered with fat, its absorption is increased, its active metabolite is 
desbutyl-halofantrine, has half-life of 4.7 days.4 
 

Lumefantrine  
Lumefantrine is an aminoalcohol group having a molecular formula of C30H32Cl3NO.  Lumefantrine 
works effectively against P.falciparum and P.vivax and kills parasite by inhibiting the polymerization of 
heme. Lumefantrine is absorbed slowly, its active metabolite is desbutyl-lumefantrine and eliminated in 
urine. The resistance of lumefantrine is seen in vitro and in animal models.4 
 

Antifolates (Proguanil, Pyrimethamine, Chlorproguanil, Dapsone) 
Proguanil was the first antifolate to be used against malaria.  It combines with Dapsone to fight against 
malaria.4 
 
Pyrimethamine combines well with Sulphadoxine or sulphalene to treat uncomplicated malaria. 
Pyrimethamine with Sulphadoxine is also used for Intermittent Preventive Treatment (IPT). The 
combination of Chlorproguanil and Dapsone is used to treat uncomplicated malaria. The triple point 
mutant parasites that carry point mutations at codon 108, 51 and 59. This is the resistance of 
Pyrimethamine/Sulphadoxine.4 
 

Artemesinins (Artemesinin, Dihydroartemesinin, Artemether and Artesunate) 
Artemether was used by the Chinese scientists in 1970s. Act combination therapy is used for the 
treatment of malaria. Artemisia Annua is obtained from the sweet wormwood plant. It is having a 
molecular formula of C15H22O5 and is a sesquiterpene lactone with a melting point of 156-157°C. It is 
insoluble in both water and oil. The mode of action is breakdown of host-cell haemoglobin and finally 
leads to detoxification of heme. Due to their short half-lives artemesinins are safe from resistance. 
Artemether, artesunate, artemesinin are all administered orally or rectally. Artemether is absorbed rapidly, 
metabolized to dihydroartemesinin and finally eliminated from plasma.4 Artemesinin-based combination 
treatments (ACTs) are used for the treatment of uncomplicated malaria. The advantage of ACTs is high 
cure rates, no adverse effects and reduced resistance.8 
 

DRUG RESISTANCE 
According to WHO, resistance can be defined as the ability of the parasite to survive or multiply despite 
the administration or absorption of a drug given in doses equal to or higher than those usually 
recommended but within the tolerance of the subject. The mechanism of resistance includes decreased 
drug accumulation, altered drug metabolism, increased repair or cellular tolerance, altered drug target, 
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altered gene expression. Multidrug resistance means the resistance is applied to more than two operational 
antimalarial compounds belonging to two different classes.9 Nonylphenolethoxylates are synthetic 
surfactants that are cheaper to use and are used as wetting agents. NPEs alone or together with 
chloroquine are used for the treatment of P. falciparum malaria.10 The study have shown the resistance due 
to P. falciparum in Vietnam which was corrected by treating with artemesinin compounds. According to 
Vietnamese guidelines, ACT is used as a first line treatment for the uncomplicated malaria and in malaria-
endemic counties.11 When an open-label randomized comparison has been done so, it was found that 
both dihydroartemisinin-piperaquine and artemether-lumefantrine were safe and effective for the 
multidrug-resistant uncomplicated malaria. Finally it was found that dihydroartemisinin-piperaquine 
works more effectively against prophylaxis, decreasing P. falciparum reinfections.12 The greatest drug 
resistance has been seen in Africa. The Antifolate drug resistance is because of the DHFR and DHPS 
enzymes having polymorphisms in it. The mutation at codon 164 of the phfdr gene is responsible for the 
resistance in antifolates.13 About 40% of population is affected by P. vivax. CQR P. vivax was first seen in 
1989. Chloroquine resistance was also seen in Indonesia. According to the studies, P. vivax, pfcrt and 
pfmdr genes are responsible for the P. falciparum resistance. Mefloquine and atovaquone-prouanil are used 
to treat CQR P. vivax.14 World Antimalarial Resistance Network (WARN) measures the animalarial drug 
resistance and reduce the resistance for the treatment of malaria.15 The recent advances in molecular 
determinants of resistance are PfATP6 which is used for artemesinins. Molecular determinants are used 
to control or prevent the resistance once it has reached the highest level.16 Amodiaquine and 
Chlorproguanil are used instead of CQ and SP because of cross-resistance. Medicines for Malaria Venture 
(MMV) which is a non-profit organization developed drug combinations to treat malaria and decreases 
the chances of resistance and it is safe to be used in small children and it is cheap also.17 The global 
malaria mortality rate has increased from 995,000 in 1980 to 1,817,000 in 2004 and reduces to 1,238,000 
in 2010. More deaths occur in children up to 5 years of age, i.e., 435,000 deaths in Africa. This is due to P. 
falciparum resistance.18  
 

TREATMENT STRATEGIES  
Malaria can be treated by using vector control measures which decreases the spread of mosquitoes, by 
using insecticide-treated mosquito nets (ITNs), use of ACTs therapy for the reduced transmission, use of 
mosquito nets.24 Further cerebral malaria can be treated with the use of adjunctive therapies to improve 
neuro-cognitive development.25 
The following approaches are used currently for the development of effective therapy against malaria.19 
1. Use of existing drugs in combination: The combination therapy is used because increases the 

antimalarial efficacy and reduces the chances of resistance. For example, Von Seidlein et al., 2000 had 
studied about Artesunate in combination with Sulphadoxine/Pyrimethamine. The combination of 
Artesunate with Mefloquine was used in Thailand and worhed effectively where resistance is very 
high. 

2. Development of analogs of existing drugs: Tafenoquine is slowly metabolized, more active analog of 
Primaquine. 

3. Natural Products: The extract of Azadirachta indica was used for the treatment of malaria. The bark of 
Acacia farnesiana was used for the treatment of remittent fever. 

4. Compounds active against other diseases: Folate antagonists, tetracyclines were used against malaria 
parasites. Atovaquone was used for the treatment of Pneumocystosis. Iron chelators were used for 
the treatment of iron overload syndrome. 

5. Drug resistance reversers: The compounds that were used to reverse the resistance of P. falciparum 
when combined with effective drugs are Verapamil, Desipramine, Trifluoperazine, Chlorpheniramine. 

6. Compounds active against new targets: includes cytosolic target, food vacuole target, parasite 
membrane target, mitochondrial target, apicoplast. 

 

PARTICULATE CARRIERS IN MALARIA THERAPY  
The various particulate drug carriers used in malaria are as follows: 
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Liposomal Carrier Systems  
Liposomes was first introduced in 1976, and used as a particulate drug carrier system in disease therapy. 
Chimanuka et al., have studied about the encapsulation of β-artemether (β-AM) in neutral liposomes. The 
encapsulation of some biologically active compounds with liposomes have been studied by Allison et al 
and Alving et al to be used as adjuvants for vaccination.20 The pharmacokinetics and the 
pharmacodynamics of many cancer drugs have been increased because of the use of liposomal 
formulations. Liposomes when combined with antibodies, then it increase the target-specific drug 
therapy.20 
 

Nanocarriers  
The main aim of using nanocarrier is that it retains in the bloodstream for long time because it improves 
the interaction with infected red blood cells (RBCs). The pharmacokinetics and pharmacodynamics of 
many drugs are enhanced by the use of nanocarriers. Nanostructured lipid carriers (NLC) are used for the 
parenteral artemether.20 
 

Microparticulate Carrier Systems  
The micropariculate carrier systems are used in two forms, i.e, microemulsion or microspheres. 
Microemulsion increases oral bioavailability and increases efficacy of many drugs. Microcarriers are stable, 
transparent, low viscosity co-surfactant molecules. PQ-conjugated gum Arabic microspheres was studied 
by Nishi and Jayakrishnan.20 
 

Dendrimers  
Dendrimers are in the size range of 10-100 nm. The pharmacokinetics and        pharmacodynamics of 
encapsulated drug is enhanced by the use of dendrimers. Dendrimers are used as anticancer therapeutic 
agents.21 The glycodendrimers of PQ phosphate was studied by Bhandra et al.21  
 

Self-emulsifying Carrier Systems  
They are used to enhance the solubility of poorly soluble drugs and also bioavailability is increased. They 
are used for oral delivery of lipophilic drugs. Joshi et al., have worked on preconcentrate formulation 
loaded with artemether, viz, NanOsorb.20 
 

Nanotechnology / Nanoparticles 
It consists of particles in the size range of 1-500 nm. With the help of nanotechnology, the half-life of 
drugs is enhanced, controlled release is obtained over short or long duration, and therapeutic efficacy is 
increased.21 
 

Liposomal Malaria Vaccine  
It is a safe and potent therapy against malaria. R32NS181 consist of circumsporozoite protein of 
Plasmodium falciparum and in this vaccine R32 contains IgG antibody which fights against malaria.23 
 

PROPHYLAXIS THERAPY 
The recent advances in prophylaxis is the use of drugs such as Mefloquine and Doxycycline or 
Chloroquine with Proguanil for the treatment of Prophylaxis. Mefloquine in combination with 
artemesinin derivatives are used for the treatment of P. falciparum malaria.22 
 

CONCLUSION  
It can be concluded that malaria can be prevented with the help of these recent advances in malaria which 
includes all the particulate carrier systems like liposomes, nanocarriers, self-emulsifying carrier systems 
and nanotechnology by which bioavailability of most drugs is increased and half-life is enhanced. 
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