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Abstract:

Malaria is an acute febrile disease that is caused due to the parasite infection, transmitted in humans by female
anopheles mosquito bite. Malaria is one of the leading reasons of mortality worldwide, but the early detection
and quick acting treatment can fend off these unpleasant results. In Africa and some Asian countries, malaria is
the most common disease,while in other developed countries it occurs due to import from endemic countries. As
early as the 2nd century BC Chinese people used sweet sagewort plant to cure malarial fever. Quinine began to
be used as an anti-malarial drug much later. A worldwide fight in oppose to malaria began in 1955. Croatia
became malaria free in 1964 and declared this year as malaria eradication year. The WHO (world health
organization) runs malaria control programs on global level with a focus on primary health care, early detection,
quick treatment and preventions. Now these days the load of malaria is lowered down than it was 10 years ago.
Although the number of patients suffering from malaria have been increased in the world. The progress has
fallen off but the targets of world health organization are moving forward.
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l. INTRODUCTION:

About 219 million people were suffering from malaria globally in 2017 and it caused deaths of 435,000
people. This mortality and morbidity burden is the fruit of worldwide research on malarial prevention and
treatment after more than a century.In Africa malaria is a common disease and in some Asian countries there is
biggest number of cases. Globally the mortality rate due to malaria is 0.3-2.2% and in tropical areas it is 11-
30%. Various studies have shown that since 2015 malarial parasite infection has increased. Malaria is caused by
a single celled protozoan of plasmodium specie group. [1] It has various more subspecies. Some of these
subspecies can cause disease conditions in humans. Plasmodium falciparum is the most common specie in
African countries but in American and European countries Plasmodium vivax and plasmodium malarial are
more common. [2] There is an anti-malarial medication known as Hydroxychloroquine which is being sold
under the trading name of Plaquenil. This drug is used in disease like rheumatoid arthritis and lupus to reduce
inflammation. [3] The presence of hydroxyl group at the end of side chain makes Hydroxychloroquine different
from chloroquine; the N-ethyl substituent is beta-hydroxylated. It is administered orally in the form of
Hydroxychloroquine sulphate. It is an important medication in the list of WHO, which is the basic health
system's most essential drugs list. [4]

1. Life Cycle, Diagnosis and Treatments And Combination Therapy Used For Malaria:

In 2013 about 198 million cases were found causing 584,000 deaths as per latest estimation. 47% of
malarial mortality rates have lowered down globally since 2000 to 2013. Most of deaths happened in Africa are
child mortality, a child dies of malaria every minute. Since 2009, 58% malaria mortality rates have been fallen
in Africa. [5]

11 Lifecycle of the Malaria:

Through a vector malarial transmission happens, when a mosquito is feeding on an individual who is
infected, it swallows the gametocytes. These gametocytes are injected to the other human while mosquito
having next feed of blood. In that next individual they infect hepatocytes and start asexual replication. The
schizonts begin to rupture after 6-15 days and merozoites are released in to blood in thousands in numbers. [6]
Then they attack red blood cells in which these parasites develop in a set and nearly 16 new daughter cells of
merozoites produce from each schizont. One or more of four intracellular protozoan parasite species i.e
Plasmodium Falciparum, Plasmodium Ovals, Plasmodium Vivax, and Plasmodium Malariae are the causes of
Malarial infection in humans.[7]
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Figure: - Stages of Life Cycle of Malaria.

Life Cycle of Malaria (Stages) and Drugs for Life Cycle of Malaria (Stages):

Stage I: In first stage by the mosquito bite plasmodium sporozoites get in to individual's body and there is no
effect of any drug in the first stage.

Stage Il: Sporozoites get into hepatocytes merozoites stage creates pyrimethamine and Primaquine are the
drugs that can block in this stage.

Stage I11: In third stage hepatocytes release merozoites to enter in RBCs and produce more merozoites that
causes bursting of RBCs. In this stage individual suffers from pyrexia, hence only Primaquine can help in this
stage.

Stage 1V: More RBCs continue to get infected by merozoites which cause fever and chills in the individual.
Drugs that can block in this stage are like chloroquine, amodiaquine, santoquine, proguanil.

Stage V: Gametocytes are produced by some merozoites that are sexual structures which can be taken away by
mosquito to infect others. Only Primaquine is helpful in this condition. [8] and [9].

1.2 DIAGNOSIS:

On stained blood films intracellular examination direct microscopic examination is standard conclusive way of
diagnosis these days in almost all settings. Although there are many other methods in existence or some other
are under development which will be described. [10]

Clinical Diagnosis:

° Antigen detection tests (Rapid or Dipstick Test):

The third diagnostic approach necessitates the immunochromatographic methods to employ the rapid detection
of parasite antigen. Several tests are created that target different parasite antigen. This method has the
advantages that there is no need of any specific equipment, small training is needed, the temperature is constant
for the test and reagents and there is no need to use electricity. The disadvantages of this method are that it is
expensive and this method is unable to tell infection density. Moreover, antigens that are detectable preserve for
few times even after sufficient treatment and heal. [11]

. Molecular tests:

PCR is most useful tool for detecting the parasite genetic material and also diagnose anti-malarial drug
resistance surveillance. Especially for every human malarial species, primers are developed. An important use of
the method is that it can detect mixed infection of different species and can also differentiate between them
during examination under microscope. [12]

. Serology:

This method detects antibodies against malarial parasites in samples of serum. For each malarial species that can
affect humans different specific identification serological markers are identified. A past infection is identified by
positive test. To Diagnose the acute infection this test is not useful for the reason that the levels in which the
malarial antibodies against parasites are detectable appear after weeks and continue so long. And also this test is
comparatively costly and not available that much. [13]
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13 Available Drugs to treat Malaria:

The drugs that are used for treatment and prevention of malaria are available in limited numbers only. Quinine
and its other derivatives and anti-folate for combination are most commonly used drug for malaria.[14]

o Quinine and related compounds:

Quinine, with its dextroisomer quinidine has become a drug that is last option to treat malaria especially in
severe cases. A 4-aminoquiolineis the quinine related component i.echloroquine was synthesized in 1934 and is
most commonly used anti-malarial drug. Moreover, Primaquine and mefloquine are other derivative of quinine
that are used commonly.. [14] and [15]

. Anti-folate combination drugs:

These medications are several combinations of sulfa drugs with dihydrofolate reductase inhibitors. Despite the
fact that these medications, when used alone have antimalarial action and resistance against parasites can create
in rapid process. The symbiotic effect on parasites is created when they are used in combination and even in the
existence of individual component resistance they are effective. [14] and [16]

o Antibiotics

There are some antibiotics such as tetracycline and its related compounds like doxycycline are very effective
against malaria. Tetracycline and quinine are used often in combination to cure malaria, when the quinine effect
is out of gear. Clindamycin is also being used but it gives only few advantages as compare to other antimalarial
drugs which are easily available. [14] and [17]

. Artemisinin compounds:
From the plant Artemisia annua i.e. sweet wormwood several sesquiterpenes lactone compounds are obtained
e.g. artesunate, arteether and arteether.[14] and [18]

. Miscellaneous compounds:

A phenanthrenemethanol compound, halofantrine keeps the activities to fight against the malarial parasites at
erythrocytic stage. [19] Atovaquone that is a Hydroxynaphthoquine is presently being most commonly used as
the opportunistic infection treatment in the patients who are immunosuppressed. [20] In China, two drugs are
synthesized that are Pyronaridine and Lamefantrinel. Pyronaridine is reported 100% effectual in Cameroon in
first trial;but it was only 63-88% fruitful in Thailand. The other drug Lamefantrinel, a compound of
fluromenthanol, is used as combination medication with artemether in it. [21]

14 Antimalarial Combination Therapy:

When the two anti-malarial drugs are used together, they have power to hold back the increase in resistance of
any component, especially when both drugs have different modes of action. [22] The ability of the combination
of 4-aminoquinoline drug i.echloroquine/amodiaquine and sulfadoxine/ pyrimethamine was analysed. and they
got the results that if chloroquine or amodiaquine is added to sulfadoxine/pyrimethamine the clearance of
parasites as compare to alone SP The approach of other drug combination, derivative of artemisinin with other
antimalarial drugs. [23] and [24].

2. Hydroxychloroquine:

An anti-malarial medication known as Hydroxychloroquine which is being sold under the trading name
of Plaquenil. [25] This drug is used in disease like rheumatoid arthritis and lupus to reduce inflammation. The
presence of hydroxyl group at the end of side chain makes Hydroxychloroquine different from chloroquine; the
N-ethyl substituent is beta-hydroxylated. [26] It is administered orally in the form of Hydroxychloroquine
sulphate. It is an important medication in the list of WHO which isthe basic health system's most essential drugs
list. [27] and [28]
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2.1 Chemical Profile, Pharmacokinetics and Pharmacodynamics:

Chemical Profile:

The Hydroxychloroquine is a White Crystalline Solid. The Systematic (IUPAC) name of Hydroxychloroquine is
2-[[4-[(7-Chloro-4-quinolyl) amino] pentyl] ethyl amino] ethanol. C;gH26CIN3O is the molecular formula and
335.9 g/mol molar masses. [29]

Pharmacokinetics:

The Tmax is 2-4.5 hours and on average bioavailability was 74% and protein binding is around 45%.
Metabolism occurs in the Liver. The Biological half-life is 32-50 days and Excretion occurs through the Kidney
(23-25%). Hydroxychloroquine and chloroquine have comparable pharmacokinetics with rapid GIT absorption.
N-desethylhydroxychloroquine is produced as a result of its metabolism by the cytochrome-P450 enzymes
CYP2D6, 2C8, 3A4, and 3A5. [31] and [32]

Pharmacodynamics:

Anti-malarial drugs are weak bases that are lipophilic and readily cross plasma membranes. Reduced proteolysis
results from lysosomal acidic proteases being inhibited by pH changes. [33] These effects are thought to be the
reason for diminished immune cell activity, including neutrophil chemotaxis, phagocytosis, and superoxide
generation. Anti-malarial drugs are weak bases that are lipophilic and readily cross plasma membranes. Reduced
proteolysis results from lysosomal acidic proteases being inhibited by pH changes. [34] These effects are
thought to be the reason for diminished immune cell activity, including neutrophil chemotaxis, phagocytosis,
and superoxide generation. [34] and [35]

2.2 Rationale of Polymer Drug Conjugates:

It may be of interest to synthesize and test the polymer-linked Hydroxychloroquine Prodrugs when liver toxicity
is taken into account. These Prodrugs are anticipated to transport Hydrochlorogunine to the liver specifically,
killing localized parasites while also preventing medication resistance. [36]

. Polyphosphazene:

The ability to attach a wide range of substituents to the phosphorus atom leads in a very broad spectrum of
physicochemical features for biomedical applications and polymeric drug delivery systems, making
polyphosphazenes the most adaptable inorganic polymers. [37]

. Bioactive Polyphosphazenes:

It is generally accepted that chemotherapeutic medications' efficiency can be increased by directing them to
particular locations inside the body and by allowing for a controlled release of the drug to maintain optimal
concentration. [38] It has been discovered that several Polyphosphazenes degrade hydrolytically in aqueous
media. These are polymers that feature amino acid ester or imidazole side groups, and researchers have also
created water-soluble polymers with glucose side groups. [39]

) Organometallic Polyphosphazenes:

The use of polymer-bound transition metal systems as electro-active materials and catalyst systems is of interest.
Provided that each skeletal phosphorus atom has an electron-supplying side group attached, the backbone
nitrogen atoms of Polyphosphazenes are very basic. [40] Organometallic units like CO2 (CO)¢ can bond to
Phosphazenes-skeleton-attached pendent acetylenic units. To create polymer-bound catalytic systems, pendent
nido-carboranyl groups bond to transition metal units like Rh(PPh3)2H groups. [41]

Nano-technological strategies for drug targeting in malaria therapy:

The purpose of employing nano-carriers as drug delivery methods is to improve selectivity, decrease frequency
of administration and length of therapy, and enhance the pharmacokinetic profile of the drug by promoting drug
or vaccine protection against extracellular degradation.[42]

Hydroxychloroquine-conjugated gold nanoparticles:

More powerful dosages of siRNA are currently delivered to tumours using pharmaceutical dosage forms. The
siRNA-conjugated PEGylated gold nanoparticles' intracellular and silencing activity is affected by
Hydroxychloroquine conjugation, which can improve gene down regulation. [43]

Nanostructured lipid carriers of Artemether—Lamefantrinel:

Due to their reduced cognition and vomiting, patients with cerebral malaria are unable to take oral medications,
necessitating parenteral therapy. There are downsides to each of the current parenteral malaria treatments used:
quinine, ARM, and artesunate. In order to cure malaria, the WHO currently forbids mono-therapy and suggests
artemisinin-based combination therapy. A WHO-approved combination for oral malaria medication is ARM-
LFN.[44] and [45].
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. Chitosan nanoparticles of curcumin:

Curcumin bound to chitosan nanoparticles to increase its bioavailability and chemical stability. It can be
observed that curcumin bound to chitosan nanoparticles did not degrade much faster in comparison to free
curcumin.[46]

o Double stranded RNA nanoparticles:

A possible avenue for the development of anti-malarial medicine is based on RNA intervention targeting
expression of DNA topoisomerase Il, a critical gene for the malaria parasite. DNA and tiny double-stranded
invasive RNA can be delivered to target cells using biodegradable chitosan nanoparticle systems. To prevent
cognate mRNA expression and test its effects on P. falciparum development in culture, a long double-stranded
(dsRNA) targeting the coding region to complexes with chitosan nanoparticles has been created.[47] and [48]

. Hydrogel nanoparticles of curcumin:

For the creation of hydrogel nanoparticles, polyvinyl pyrrolidone and hydroxyl propyl methyl cellulose can be
combined. Due to a potential evasion of the reticular-endothelial system, the goal is to construct nano carriers to
boost absorption and extend the quick clearance of curcumin.[49]

. Antisense nanoparticles:

Malaria topoisomerase-11 gene silencing by ODNs was revealed to acquire promising properties as an anti-
malarial drug. In order to improve stability and promote intracellular penetration, ODNs combines with the
biodegradable polymer chitosan to produce solid nanoparticles with an initial diameter of 55 nm. [50]

. Albumin-bound nanoparticles:

The indolone-N-oxides have been investigated as potential treatments for malaria that is resistant to chloroquine.
The extremely poor aqueous solubility of these compounds, which results in weak and unpredictable action, has,
however, hindered in vivo testing. Precipitation and high-pressure homogenization can be used to create
nanoparticles. [53] The procedure may be improved to produce nanoparticles with a restricted size distribution
and controllable diameter that are suited for intravenous delivery and that clearly demonstrated direct drug
contact with parasitized erythrocytes. In comparison to 1.5% of pure medication, stable nanoparticles had a
significantly higher rate of solubility and maintained the rapid antimalarial activity. Comparable to artesunate
and chloroquine, the formulation completely cured Plasmodium berghei-infected mice at a dose of 25 mg/kg by
reducing parasitaemia (99.1%) and extending survival time and preventing recrudescence.[52]

. Nano structured lipid carrier (NLC) of glyceryl-dilaurate (GDL):

GDL-NLCs have a direct effect on plasmodium parasite-infected RBCs, which results in severe impairment.
The targeting can be accomplished by using the glyceryl-dilaurate lipid moiety. GDL-NLCs were found on the
parasite mitochondrion, and their uptake resulted in the polarisation of the mitochondrial membrane, the
accumulation of Ca2+ ions, stage-specific RBC lyses, and the release of ROS.[53] and [54].

. Gold nanoparticles of marine Actinobacterial and antimalarial:

Gold nanoparticles (Au-N-LK3) mediated by Streptomyces sp. LK-3 can be synthesised in the size range of 5-
50 nm. Plasmodium berghei ANKA (PbA)-infected mice were treated with Au-N-LK3, which was reported to
be effective in delaying parasitaemia rises compared to PbA infection at 8 days after infection. [55]

. Nano-emulsion and Porous Polymeric Nanoparticles:

The antigen CHrPfs25, which prevents the spread of malaria, can be made using nano-emulsions (NE) and poly
(D, L-lactide-co-glycolide) nanoparticles (PLGA-NP) and tested in mice via intramuscular injection. The
conventional mosquito membrane feeding test, which evaluates the effectiveness of antibodies at preventing
transmission, can be used with pure 1gG from immune sera.[56] and [57]

. Green synthesized silver nanoparticles

In the recent study silver nanoparticles have been synthesized from AgNO; (Silver Nitrate) through simple
green routes using either purified Alpha Amylase or aqueous leaf extracts of Asoka and Neem respectively. The
use of plant extract for synthesis of NPs is an ecological process and cost efficient. The synthesized NPs can be
established to be anti-plasmodium with 1Cs, (ug/ml) 3.75 (Amylasenp), 8 (Ashokanp) and (Neemnp) while plant
extracts or amylase alone do not show any activity up to 40 pg/ml. [59]

. Gold nanoparticles of Couroupitaguianensis:

Using a cheap floral extract of Couroupita guianensis as a stabilising agent, AuNPs can be produced organically.
The bio production of AuNP, particle size, and zeta potential can be verified using techniques like Fourier
transform infrared (FTIR) spectroscopy, transmission electron microscopy (TEM), UV-vis spectrophotometer,
energy-dispersive X-ray (EDX) spectroscopy, etc. Both the CQ-sensitive (CQ-s) and CQ-resistant (CQ-r) strains
of Plasmodium falciparum can be tested for antiplasmodial activity simultaneously using the flower extract of
Couroupita guianensis and AuNS.[60] and [61]

. Polyphosphazene based nanoparticles of Primaquine and Dihydroartemisinin:

Primaquine and dihydroartemisinin nanoparticles based on Polyphosphazene have been developed and tested in
a mouse model of P. berghei infection. Compared to the usual drug combination, the combination showed
promise antimalarial activity at lower doses. [62] Further evidence that this combination medication is effective

30



A Recent Review on Novel Derivatives of Hydroxychloroquine

against resistant malaria comes from the fact that it offered protection for 35 days without any recurrence. The
study offers a different combination regimen that has been discovered to be successful in the treatment of
resistant malaria. [63]

. Nanostructured lipid carrier of artemether:Nanoject:

Artemether is a very ineffective antimalarial drug. In the most recent study, the possibility of a nanostructured
lipid carrier was investigated for the i.v. delivery of artemether. The artemether nano structured lipid carrier can
be created using the micro emulsion template process. Mice with Plasmodium berghei infection can be used to
test the antimalarial efficacy of an intravenous formulation. ARM was continuously released from the
nanoject.[64]

. Monensin Loaded PLGA Nanoparticles:

PLGA with molecular weights between 19 000 and 110 000 Da can be used to create PLGA nanoparticles that
are loaded with carboxylic ionophore utilising the emulsion solvent evaporation method. One can test the
antimalarial effectiveness of monensin-PLGA nanoparticles. Monensin loaded in nanoparticles can be up to 10
times more effective at preventing P. falciparum growth than free monensin.[65]

° Silver nanoparticles using leaves of Catharanthus roseus Linn. G. Don:

Utilizing Catharanthus roseus Linn's aqueous leaf extracts, new silver nanoparticles can be created. A document
that displays activity against the malaria pathogen Plasmodium falciparum has been generated (P. falciparum).
Energy dispersive X-ray, X-ray diffraction, ultraviolet-visible (UV-Vis) spectrophotometry, and SEM can all be
used to characterise the produced silver nanoparticles.[66]

. Transferrin-conjugated solid lipid nanoparticles:

For the treatment of cerebral malaria, the Transferrin (Tf)-conjugated SLNs can be studied for the delivery of
quinine dihydrochloride to the brain. Fluorescence tests showed that Tf-SLNs were more readily absorbed in
brain tissue than unconjugated SLNs. [64]

1. CONCLUSION:

Quinine, with its dextroisomer quinidine has become a drug that is last option to treat malaria
especially in severe cases. A possible avenue for the development of anti-malarial medicine is based on RNA
intervention targeting expression of DNA topoisomerase 1I. DNA and tiny double-stranded invasive RNA can
be delivered to target cells using biodegradable chitosan nanoparticle systems.Nanostructured lipid carrier of
artemether can be used for the i.v. delivery of anti-malaria drugs. Monensin loaded in nanoparticles can be up to
10 times more effective at preventing P. falciparum growth than free monensin.
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