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generally found in temporary rain pools. According to the study
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world‟s half populace is at danger of being infected by malaria. The
main agent that has been involved for the spread of this infection is
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INTRODUCTION
Malaria is a disease caused by a Plasmodium parasite which remains a health issue.[1] It is a
waste that is transmitted to from mosquitoes to human beings. The Anopheles (female)
mosquito is answerable for the spread of malaria to the human being. Five kinds of
Plasmodiums that can pass infection to humans are- Plasmodium falciparum, Malaria parasite
P. vivax, Quartan malaria, Plasmodium ovale, Plasmodium Knowlesi.[2] Most cases of death
are found in newborn babies, gestation and peoples suffering from HIV/AIDS. Almost half of
the world's population is at danger of suffering from malaria.[3] WHO 2018 report shows that,
40% of malaria cases have been reduced.[4]
According to WHO 200 million patients were listed as suffering from malaria in 2018 report,
out of these 3.5 million malaria cases related to African countries.[5]
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Malaria Parasite life cycle
The life cycle involves between two hosts such as mosquitoes to humans and humans, it finds
only human hosts, as living organisms.[6] It infects humans, liver cells and matures into
schizonts.[7] The phase of malarial parasite is separated into two consecutive stages: (a)
sexually transmitted, continuous then progressively within the organism and (b) through the
sex stages, beginning within living organisms and ending within female mosquitoes.[6] The
life cycle of malaria is shown in Figure 1.
Stage of infection (sexual reproduction)
Infected mosquito bites, injects plasmodium parasite (sporozoites) into the blood stream of
living organism.[8] Sporozoites make the entery to liver with the help of kupffer cells. After
penetrating the liver cells, they divided and rupture liver cells that help produce new
parasites. This kind of isolation is called as schizogony and life cycle called as merozoites.[7]
Asexual (Erythrocytic) phase
Parasites are transported to liver cells or reproduce asexually generally form merozoites in 710 days. Without manifestation of any symptoms, they occur.[9] Merozoites attacks red blood
cells multiply and rupture cells by entering through blood streams. After repetitions of cycle,
it shows symptoms like as fever, and headache. A number of the merozoites reproduce
asexually to form new merozoites.[9] These merozoites spread into the blood.[10]
Sporogonic cycle
Gametocytes generally picked up by the mosquito after anopheles‟ mosquito (Malaria
mosquito) bites an infected person. In the abdominal wall of mosquito, zygote is formed by
gametocytes. The zygote grows into ookinete. Then it is converted into a replica oocyst to
form sporozoites in the outer part of mosquitoes stomach. Within oocyst, sporozoites divided
and explode, thus in the salivary glands thousand of sporozoites travel. If infected mosquito
bites another person, human infection life cycle begins.[11,12]
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Figure 1: Life cycle of Malaria.[7]
Existing anti-malarial drugs
Currently available Antibiotics are generally used for the prevention and cure of malaria
infections. Many anti-malarial medicines refer to the stage of infection that is erythrocytic
stage, that stage is known to be the stage of causing illness showing symptoms. Various
programs such as the malaria control campaign and others, designed to control the disease,
have gained significant benefits in few areas of the world, but rather than that of these
precautions malaria still infects large number of peoples and killing millions of people every
year and remains a life-threatening disease.[13]
Current anti-malarial drugs are divided into four categories, including Quinolines,
Antifolates, Artemisinin, and sulfadoxin.[14]
Resistance to anti-malarial drugs
Resistant of drug is caused by P. Falciparum; it causes high temperature or anemia which
causes millions of deaths every year.[15] Resistance to antibiotics starts when parasites survive
also increase in the amount of a given drug; it often kills as well as secures its recurrence.[16]
Several factors contribute to the spread of resistance of drug. These parts may include costly
treatment, drug overdose, adverse reactions and patient adherence.[17] The antimalarial
resistance mechanism is complex, varied and influenced by many genes.[18]
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The occurrence of resistance to malarial parasites is due to genome and genetic bases, has
been explained as abnormal, high adaptable, or highly plasticized.[19] However, the exact
mechanisms underlying the development of resistance are not yet clear. Initially, it was
thought that a substance called multidrug resistance (Ability of an insect repellent to develop
a drug resistant clone under pressure) is related with improved resistance, a certain type of P.
Falciparum and is elevated to a elevated frequency of 1000 × to improve resistance to
particular substance.[20]
Antimicrobial resistance mechanisms of malaria are even more unique, for the insect is able
to counteract the specific resistance to the drug's cells. This may cause occurrence to another
diseases, e.g. tuberculosis infection, in which the phenotypic drug resistance is largely driven
by the development and „nonspecific‟ drug efflux through the introduction of multidrugbased drug (MDR) and is observe a major cause in developing drug resistance. Despite the
fact this insect uses carriers (MDR), to means of drug resistance to different classes of
antimalarials, they are non the main sources for development of resistance and MDR causes
only a problem in specific pockets of regional.[21]
Table 1: Antimalarials drugs, mode of action, limitations and dosage forms.[22,23,24,25]
Drug

Mode of action
limitations
Intraerythrocytic trophozoites contains
acidic
Chloroquine
Development of resistance
Food vacuoles, chloroquine accumulates
Phosphate
throught the world
with food vacuoles and prevent
degradation of haemoglobin.
It causes hemolysis in glucose
Primaquine
During respiration process it intereferes
6 phosphate dehydrogenase in
phosphate
with electron transport in parasite.
deficient patients
Accumulation of cytotoxic heme within Cause cinchonism,
Quinine sulfate
the parasite after it acts on heme
hypoglycaemia, serious,
detoxification pathway
hematologic disorders.
Mefloquine
It acts by forming complexes with free
Cause severe neuropsychiatric
Tablets
heme which is toxic for the parasites.
reactions, long half life
Acts as a gametocytocidal and
Dihydroartemisinin
Very short half-life.
schizontocidal.
Absorption is very poor and
It acts by blocking the electron transfer
Atovaquone
variable and half life of drug
chain that is present inside the parasite.
is long elimination

Dosage

tablets

tablets

IV, IM
tablets
tablets
tablets

The need for nanotechnology
Nanotechnology program, an innovative way to deliver medicine through its use in science
and technology in a very interesting way. This technology has been giving tools that allow
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conversion of structural to synthetic reactions, as well as chemical reactions, giving them
with the most useful and specific selection. By abusing the nanocarriers that can be used to
develop a drug specifically targeted to protect and protect the drug or immunosuppressive
agent, improve the substance according to its intended purpose, reduce the frequency of
dosage, modify biopharmaceutics and pharmaceutical properties thus overcome the side
effects and thus drug efficacy.[26]
The main goals of nanotechnology based malaria treatment toward bring the drug treated in
the vacuoles vacuum of intracellular parasites or expand the storage of drug into the blood.
Also increase in the time of drug in blood stream; it also helps in contact including red cells
that are affected and the membrane of parasites.[27]
For drug delivery nanocarriers in the stages of malaria
Polyamidoamines nanoparticles as nanocarriers
PAAs are belonging to group of polymers that decompose and reassemble easily. The
procedure for preparation of PAA‟s is quite simple, friendly to the environment and simply
distributed, so it is suitable for sale in low-income districts per person. These structures
obtained the current amino and amido group arranged usually in the major sequence, due to
the non absence of extra acid or low-density essential materials supported by polymeric
particles that can be classified as polyelectrolytes.[28]
While some Polyamidoamines are occupied by the kidneys or liver immediately after giving
injections intravenously, others can flow in the blood for a longer time, indicating a tendency
to get abscesses due to the firming effect.[29] This longevity of blood vessels is necessary
factor to examine when picking out candidates for drug delivery systems, as increase in
circulation will transmit the interaction of polymers with the target cell that puts them inside
engulfing process of cell.[30]
The properties of PAA, ISA1 and ISA23 have been verified for, secretion or direct supply of
anti-malarial drugs mentioned.[31]
In polyaddition of agmatine with acrylamido acetic acid AGMA1 is found and contains
different groups like guanidine, tert-amine or carboxyl group. In delivery of intracellular
nucleic acid these polymers have been recognised or reported as vectors [32], while in study
for delivery of proteins and anti cancer drugs carrier ISA1 and ISA23 were useful.[33]
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ISA23 has specifically 1 been shown to be given properties such as immunosuppression
without the selective concentration of the liver, while a large proportion of AGMA1 has been
shown to be localized hepatic after-injected in mices.[29] PH decreases to 6.5 in endosomes
and after 5.0 lysosomes, polyamidoamines turn into more cationic and exhibit properties of
endosomolytic in intracellular segments.[34]
Polyamidoamines targets to different AGMA1 and plasmodiums species has significant
antimalarial activity, demonstrating combining to merozoites or possibly inhibiting their
entry of red blood cells. Exposure to antibodies to the immune may be used in development
of new malarial vaccines in which Polyamidoamine may act a key role as carriers for
antiretroviral vaccine supplements.[35]
Nanocarriers based on Polymer
Nanoparticle polymers that are collected from non-volatile unaffected polymers such as
chitosan, gelatine, albumin, and poly-made polymers like polyacrylamide, lactic-co-glycolic
acid, etc. In comparison to its repair or storage conditions Polymeric nanoparticle has a high
density of biological fluid which makes them more attractive as compared to other systems of
drug delivery.[36] Polymer nanocarriers has many benefits such as improve biocompatibility,
decreased toxicity, improved drug availability, reduced patient compliance, increased drug
resistance and drug overdose.[37] Nanoliposomes, micelles, Hydrogels, dendrimers and
polymer-drug conjugates etc. are different types of systems made for antimalarials drugs
delivery.[37]
Hydrogels
These are three dimensional polymeric network made up of synthetic polymers and natural
polymers. These can absorb or store huge amount of water and organic fluid.[38] They are
inexpensive, non toxic, incompatible, environmental friendly for e.g. there temperature, pH
or electric field and also minimise the speed of drug release.[39] Aderibigbe (scientist) make
hydrogel by taking gum acacia. They mixed hydrogel with curcumin and 4-aminoquinoline.
Results of invitro elevated the long and continuous extraction of curcumin, while 4
aminoquinoline showed temporary release at 37◦C. A major feature that influenced the
release of drugs is found to be the degree of connection with hydrogel. In addition, initial
studies have proposed that hydrogels may be used as a two-pronged approach to drug
delivery with antimalarials with different pharmacokinetics.[40]
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Aderibigbe and Mhlatika prepare protein (soy) split carbopol and polyacrylamide-based gel
into chloroquine diphosphate and curcumin. These were pH-sensitive. In-vitro extraction of
these drugs from hydrogels was tested. Method for curcumin extraction is slow and stable as
compare to chloroquine. Hydrogels may be used in the delivery of two or more anti-malarial
drugs these results suggest this.[41] Musabayana designed for pectin hydrogel patch for
delivery of chloroquine, to mask there bitter taste.[42] In-vivo studies in mice showed that use
of a drug filled component can increased the release of Na+ in comparison to mice in which
intravenously administration of drug in the postoperative period of animals. This shows
continuous releasing of residual chloroquine. The results indicate, chloroquine administration
using hydrogel can transmit patient compliance.[42]
Nano biomolecule (Dendrimers)
These are three-dimensional and tree shaped monodispersed nano-biomolecule that exhibit
more water solubility and a specific molecule weight that emerges as a suitable carrier for
drug. These are made up of three main elements: the central-core, the inner-branches, and the
outer boundary groups. Drug molecules are inserted into the internal area to improve
performance of drug, reduction in drug toxicity and the drug release is controlled. Many
dendrimers have size of n10 nm as a normal width.[43] P. Agrawal, Polyethyleneglycol
composed of dendrimers of chloroquine phosphate, bound without having L-lysine. Wearing
it showed a profile that drug release is controlled, showing reduction in haemolytic toxicity
and less immunogenic than uncontrolled formation.[44]
Badra et al. synthetic dendrimers of polypropylenimine (PPI) mixed with galactose delivery
of primaquine phosphate to cells of liver. Michael prepared the formulation for
hydrogenation response. In-vivo results show that galactose-binding dendrimers were
increases the drug injection effectiveness. The release of in vitro drugs was maintained for 5
to 6 days and on the basis of result obtained haemolytic toxicity; BP studies indicate that the
formulation prepared is not dangerous and appropriate for the continuous supply of
primaquine to the liver cells.[45]
Liposomes
Liposomes are a phospholipid vesicular unit illuminated in varying sizes from 80-100 nm; it
can include compounds lipophilic and hydrophilic. Properties of liposomes vary in lipid
composition, size, and preparation process and can be used according to specific
requirements.[46] It can be used to combine both the compounds. Drug delivery systems of
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liposome has benefit of less toxic, also has protection against chemical damage.[47] Eggs of
phosphatidylcholine and cholesterol used in the composition of neutral liposomes were
proposed to be the first antimalarials nanocarriers.[48]
Vinoth Rajendran reported that the monensin in PEGylated stearyl amine liposomes has
curative activity against malaria. Composition of this may be more efficient compared to
alone monensin in strain of Plasmodium falciparum but monensin to long-acting liposomes
and free Artemisinin has led to an increase in mortality of parasites and to protect its
survival.[49]
Efforts were made in recent studies to design liposomes composed of phosphatidylcholine;
PE; CHOL and 1,2- dioleoyl-sn-glycero-3-phosphatidylcholine used a thin film hydration
method for the effective delivery of drugs to damaged RBCs by increasing availability of
drug and exposure. It consist of probes of fluorescent pyranine , Carboxyl quantum-dots ,CQ
which are combined with certain half antibodies for identification of the P. falciparum form
containing pRBCs with an active target identification virus. Immuno-liposomes have a size of
nearly about 200 nm and can able to deliver the drugs directly to the pRBCs, during
incubation for 90 minutes. Less amount of cohesion were seen in liposomal lacking
antibodies as compared to immunoliposomes. They observed that IC50 value of the drug CQ
is ten times lower as compared to the standard solution with immunoliposomes.[50]
Silver nanoparticles fight malaria
A derivative of silver and silver has long been used in the treatment of different infectious
diseases from ancient times. For the treatment of contagious disease Silver nitrate and silver
sulfadiazine is widely used until the mid 20th. Toxins of silver are used against
microorganisms and can be used in methods that are gradually revealed, and different from
the process of other metallic drugs: i) distraction of cell wall integrity and impairment of
cellular cell function; ii) dysfunction of cell metabolism due to enzyme deficiency, protein
denaturation, inhibition of bacterial respiration; iii) bacterial DNA damage and RNA,
including replication processes.[51]
Most recent study of silver-based antiplasmodial drugs from Hemmert (2013), prepared for a
series of mono- and dinuclear silver structures containing mono- and bis based ligands, all
N-working groups like (i) -amide, alcohol, and nitrogen containing heterocyles quinoline and
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bipyridine, and tested with chloroquine-resistant type P. falciparum. Anti-bacterials and
antifungals are of same species containing carbenes.[52]
Recent research has shown that the synthesis of metal nanoparticles has a wide range of uses
in the field of biomedical due to their unique physical properties Of all metals, silver
nanoparticles are widely entertain due to their broad antibacterial activity.[53] It is also state
that to release of silver ions, which are closely related with the thiol and phosphate groups
present in the enzymes and DNA of viruses and proteins.[54] The behavioral changes state that
binding of AgNPs to membrane or DNA stop the bacterial cell from showing important
functions such as respiration and replication which cuases death of the cell.[55]
Lipid solid nanoparticles (SLNs)
These are colloidal carriers that contain triglycerides, complex compounds of glyceride, solid
fats and sometimes solid waxes also at room temperature and the body. These are naturally
stable, preventing drug degradation, biological incompatibility and degradation problems and
are more expensive compared to phospholipids and decaying polymers.[56] Hydrophobic
substance is trapped within a hard matrix that strengthens release of drug and prevents
premature degeneration.[57]
Transferrin that is conjugated solid lipid nanoparticles were invented for their power to
identify Quinine dihydrochloride in malaria control regimens.[58] Quinine loaded Tf-SLNs are
manufactured by ethanol using hydrogenated soya phosphatidylcholine, CHOL, triolein, and
DSPE. In-vitro fluorescence examination have shown improved detection of Tf-SLNs in
brain tissue as compared to unrelated SLNs. In-vivo studies tested Quinine plasma levels and
distribution of tissue after administration intravenously of Quinine loaded Tf-SLNs with
unplanned Quinine and SLNs in comparison to those of free drugs. Intravenously
administration of Quinine dihydrochloride solution has result in higher concentrations of drug
in serum as compared to SLNs. The combination of Tf unique improved brain Quinine
capture, which is demonstrated by the acquisition of high percentage of brain volume
following the administered of Tfcoupled compared to standard drug solution or SNLs.[59]
J.O. Muga et al., states that heparin composed of strong lipid nanoparticles combined with
Chloroquine and non-heparin

functionalized

SLNs.

performances

showed

higher

antiplasmodial in-vitro activity against CL sensitive (D6) and CL-resistant type W2 with free
CQ. Effect seen of lipo nanoparticles contains lipid nanoparticles when the cab having
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positive effect, includes the ability to target directly to the disabled RBCs. Therefore they
suggest that Anti-malarial activities compared to conventional free drugs should be improved
by nano based drug delivery system.[60]
Nanoemulsions or Microemulsions
Nanoemulsions are thermodynamically stable liquid-in-liquid dispersions, meaning O / W
emulsions that are fortified with surfactant in the form of small droplets having a diameter of
0.1–100 mm. Nanoemulsions have such useful things that they are not expensive, longlasting and available as oral scale forms.[61] These have a uses as drug delivery carriers that
include increase drug load, strengthening drug availability, increasing drug availability,
reducing variability of patient, controlling the release drug and protect against damage of
enzyme.
Automatic delivery was increased by PB. Memvanga et al., of the oral administration of βarteether. The making showed no intestinal Caco-2 cell toxicity and increase performance
compared to P.berghei with a daily dose of 24mg per kg for four days of 100% survival in rat
rats at 42days. They also concluded that lipid based drug delivery is a granted treatment for
malaria through administration by an artisan.[62]
In other study of NanOsorbARM is developed to detect its activity of antimalaria in
opposition of infected Plasmodium berghei mice. NanOsorb ARM has shown superior
activity of antimalaria in comparison to commercially constructed ARM (LaritherVR). The
authors found that the placebo showed higher activity compared to LaritherVR indicating the
active ingredients, i.e. Gelucire-44 / 14VR, LabrasolVR and Capmul opted in the NanOsorb
formulation may have antimalarial activity.[63]
Y Yang et al, has developed lipid based emulsions that have been given intravenously in the
combination of Artemether and Lumefantrine, made with a high infusion and strength. High
concentration of Cmax is observed in mice in a study to manufactured composition with
vascular solution.

Given activity examine important jump in the complex research of

malaria.[64]
Nanocapsule
These can be explained as a submicroscopic colloidal carrier consisting of an oil type spine
or water core rounded by a thin layer of polymer which have bioactive compounds that is
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generally incorporated internally for protection from factors like heat ,oxygen, light, also its
stability increases and improves , availability of nano compounds that are encapsulated.[65]
Anand et al., he found the natural protein lactoferrin in addition to its nanoformulation made
up of alginate enclosed, buffalo calcium phosphate for active installation against rodent
parasite P. berghei. Formulation made in implants reduced the viral pressure and also altered
mRNA sequences in mice. In result, they find a combined inhibition and controlled positive
effect of metabolism.[66]
Velasques et al., thoughtfully he study that the combination of QN and Curcumin in the
nanocapsules of polycaprolactone. Coating of polymer is done to stop the instability of the
ultraviolet trigger QN and curcumin. Also combination of 2 drugs in 1 nanocapsule enhances
the affect of anti-malarial in opposition of W2 complications with 3D7 P.Falciparum. How
much toxic was also studied in Caenorhabditis elegance showing nanocapsules loaded with
Quinine + curcumin that reduced toxicity in comparison to free drugs.[67]
CONCLUSION
In above mentioned review article, we have tried to report the chances in the progress of new
ways of different ways to treat or control malaria by improving the limitations relates with
the available drug moieties such as toxicity of drug, substandard solubility, defective drug
loading, chemical nonuniformity, occurrence of resistance. At present, many of the work that
has been done is laboratory work and still there is a need to do a clinical trials. According to
research based upon in-vivo and in-vitro studies it has been clear that nanocarriers used in
drug delivery systems are favourable candidates that can increase the therapeutic
effectiveness of antimalarials, decrease the toxicity and get the better of drug resistance.
REFERENCE
1. World Health Organization. World Malaria Report 2019. Geneva., 2019.
2. WHO,WorldMalariaReport.

Available

from:

http://www.who.

int/malaria/publications/world _malaria_report_2014/wmr-2014/ malaria2014.pdf [last
accessed 15 Feb 2015].
3. WHO

Factsheet:

Malaria

Report

2015.

http://www.who.int/malaria/media/worldmalaria-report-2015/en/.

Available

online:

(accessed

on

9

December 2015).

www.wjpr.net

│

Vol 10, Issue 5, 2021.

│

ISO 9001:2015 Certified Journal

│

873

Arora et al.

World Journal of Pharmaceutical Research

4. Haldar, K., Bhattacharjee, S., & Safeukui, I. Drug resistance in Plasmodium. Nature
Reviews Microbiology, 2018; 16(3): 156–170. https:// doi.org/10.1038/nrmicro.2017.161.
5. World Health Organization, 2018. World Malaria Report. . https://www.who.int/
malaria/publications/world-malaria-report-2018/en/.
6. Florens, L., Washburn, M. P., Raine, J. D., Anthony, R. M., Grainger, M., Haynes, J.
D.,… Carucci, D. J. A proteomic view of the Plasmodium falciparum life cycle. Nature,
2002; 419: 520. https://doi. org/10.1038/nature01107.
7. Batista, R., DeJesus, S.J.A., et al., Plant derived antimalarial agents: new leads and
efficient phytomedicines. Part II. Non-alkaloidal natural products. Molecules, 2009;
14(8): 3037-3072.
8. Gazzinelli, R.T.; Kalantari, P.; Fitzgerald, K.A.; Golenbock, D.T. Innate sensing of
Malaria Parasites. Nat. Rev. Immunol, 2014; 14: 744–757. [CrossRef] [PubMed].
9. Tilley, L.; Dixon, M.W.; Kirk, K. The Plasmodium falciparum-infected red blood cell.
Int. J. Biochem. Cell Biol., 2011; 43: 839–42. [CrossRef] [PubMed]
10. Rosenthal, P.J. Artesunate for the Treatment of Severe Falciparum Malaria. N. Engl. J.
Med., 2008; 358: 1829–1836. [CrossRef] [PubMed]
11. Life

Cycle

of

Malaria

Parasite.

Available

online:

http://encarta.msn.com/media_461541582/ life cycle of the malaria. (accessed on 3
February 2009).
12. Baer, K.; Klotz, C.; Kappe, S.H. Release of hepatic Plasmodium yoelii merozoites into
the pulmonary microvasculature. PLoS Pathog, 2007; 3: 171. [CrossRef] [PubMed].
13. Cui, N. L., Mharakurwa, S., Ndiaye, D., Rathod, P. K., Rosenthal, P. J. Antimalarial drug
resistance: literature review and activities and findings of the ICEMR. Am. J. Trop. Med.
Hyg, 2015; 93: 57-68.
14. Saifi, M. A., Beg, T., Harrath, A. M., Altayalan, F. S. H., Al-Quraishy, S. Antimalarial
drugs: Mode of action and status of resistance. Afr. J. Pharm. Pharmacol, 2013; 7:
148-156.
15. Petersen, I.; Eastman, R.; Lanzer, M. Drug–resistant malaria: Molecular mechanisms and
implications for public health. FEBS. Lett., 2011; 585: 1551–1562. [CrossRef] [PubMed]
16. Aminake, M.N.; Pradel, G. Antimalarial drugs resistance in Plasmodium falciparum and
the current strategies to overcome them. Microbial pathogens and strategies for
combating them. Formatex, 2013; 2013: 1, 1–774.

www.wjpr.net

│

Vol 10, Issue 5, 2021.

│

ISO 9001:2015 Certified Journal

│

874

Arora et al.

World Journal of Pharmaceutical Research

17. Nayyar, G.M.L.; Breman, J.G.; Newton, P.N.; Herrington, J. Poor-quality antimalarial
drugs in Southeast Asia and sub-Saharan Africa. Lancet Infect. Dis., 2012; 12: 488–496.
[CrossRef]
18. Krogstad, D.J.; Gluzman, I.Y.; Kyle, D.E.; Oduola, A.M.; Martin, S.K.; Milhous, W.K.;
Schlesinger, P.H. Efflux of chloroquine from Plasmodium falciparum: mechanism of
chloroquine resistance. Science, 1987; 238: 1283–1285. [CrossRef] [PubMed].
19. Sibley CH. Infectious diseases. Understanding artemisinin resistance Science, Jan 23,
2015; 347(6220): 373–374.
20. Rathod PK, McErlean T, Lee PC. Variations in frequencies of drug resistance in
Plasmodium falciparum. Proc Natl Acad Sci U S A., 1997; 94(17): 9389–9393.
21. Goldberg DE, Siliciano RF, Jacobs WR Jr. Outwitting evolution: fighting drug-resistant
TB, malaria, and HIV. Cell., 2012; 148(6): 1271–1283. DOI:10.1016/j.cell.2012.02.021.
22. WHO,

Global

Malaria

Control

and

Elimination.

Available

from:

http://apps.who.int/malaria/docs/elimination/Malaria ControlEliminationMeeting.pdf [last
accessed 20 Jun 2014]. (World Health Organization. Global malaria control and
elimination: report of a technical review).
23. Winstanley PA. Chemotherapy for falciparum malaria: the armoury, the problems and the
prospects. Parasitol Today, 2000; 16: 146–53.
24. Rathore D, McCutchan TF, Sullivan M, Kumar S. Antimalarial drugs: current status and
new developments. Expert Opin Investig Drugs, 2005; 14: 871–83.
25. Guidelines for the treatment of malaria – 3rd ed. Geneva, Switzerland: WHO Press, 2015.
26. Puttappa, N., Kumar, R.S., Yamjala, K., Artesunate-quercetin/luteolin dual drug
nanofacilitated synergistic treatment for malaria: a plausible approach to overcome
artemisinin combination therapy resistance. Med. Hypotheses, 2017; 109: 176–180.
27. Biamonte, M.A., Wanner, J., Le Roch, K.G., Recent advances in malaria drug discovery.
Bioorg. Med. Chem. Lett., 2013; 23(10): 2829–2843.
28. Ferruti P. Poly (amidoamine)s: past, present, and perspectives. J. Polym. Sci. Part A.,
2013; 51(11): 2319–2353.
29. Richardson S, Ferruti P, Duncan R. Poly (amidoamine)s as potential endosomolytic
polymers: evaluation in vitro and body distribution in normal and tumour-bearing
animals. J. Drug Target, 1999; 6(6): 391–404.
30. Richardson SCW, Pattrick NG, Lavignac N, Ferruti P, Duncan R. Intracellular fate of
bioresponsive poly(amidoamine)s in vitro and in vivo. J. Control. Release, 2010; 142(1):
78–88.
www.wjpr.net

│

Vol 10, Issue 5, 2021.

│

ISO 9001:2015 Certified Journal

│

875

Arora et al.

World Journal of Pharmaceutical Research

31. Urbán P, Valle-Delgado JJ, Mauro N et al. Use of poly(amidoamine) drug conjugates for
the delivery of antimalarials to Plasmodium. J. Control. Release, 2014; 177: 84–95.
32. Pettit MW, Griffiths P, Ferruti P, Richardson SC. Poly (amidoamine) polymers: soluble
linear amphiphilic drug-delivery systems for genes, proteins and oligonucleotides. Ther.
Deliv, 2011; 2(7): 907–917.
33. Lavignac N, Nicholls JL, Ferruti P, Duncan R. Poly(amidoamine) conjugates containing
doxorubicin bound via an acid-sensitive linker. Macromol. Biosci, 2009; 9(5): 480–487.
34. Ferruti P, Franchini J, Bencini M et al. Prevailingly cationic agmatine-based amphoteric
polyamidoamine as a nontoxic, nonhemolytic, and “stealthlike” DNA complexing agent
and transfection promoter. Biomacromolecules, 2007; 8(5): 1498–1504.
35. Griffith KS, Lewis LS, Mali S, Parise ME. Treatment of malaria in the United States: a
systematic review. JAMA, 2007; 297(20): 2264–2277.
36. Tang Z, He C, Tian H, et al. Polymeric nanostructured materials for biomedical
applications. Prog Polym Sci., 2016; 60: 86–128.
37. Yang, W.W.; Pierstorff, E. Reservoir-Based Polymer Drug Delivery Systems. J. Lab.
Autom, 2012; 17: 50–58. [CrossRef] [PubMed].
38. Hoare, T.R.; Kohane, D.S. Hydrogels in drug delivery: Progress and challenges. Polymer,
2008; 49: 1993–2007. [CrossRef].
39. Kioomars, S.; Heidari, S.; Malaekeh-Nikouei, B.; Shayani, R.M.; Khameneh, B.;
Mohajeri, S.A. Ciprofloxacin-imprinted hydrogels for drug sustained release in aqueous
media. Pharm. Dev. Technol, 2016; 16: 1–8.
40. Aderibigbe, B.; Sadiku, E.; Jayaramudu, J.; Ray, S.S. Controlled Dual Release Study of
Curcumin and a 4-Aminoquinoline Analog from Gum Acacia Containing Hydrogels. J.
Appl. Polym. Sci., 2015; 132: 41613. [CrossRef].
41. Dandekar, P.P.; Jain, R.; Patil, S.; Dhumal, R.; Tiwari, D.; Sharma, S.; Vanage, G.;
Patravale, V. Curcumin-Loaded Hydrogel Nanoparticles: Application in Anti-Malarial
Therapy and Toxicological Evaluation. J. Pharm. Sci. Exp. Pharmacol, 2010; 99:
4992–5010. [CrossRef] [PubMed].
42. Musabayane, C.T.; Munjeri, O.; Matavire, T.P. Transdermal delivery of chloroquine by
amidated pectin hydrogel matrix patch in the rat. Ren. Fail., 2003; 25: 525–534.
[CrossRef] [PubMed].
43. García-Gallego, S., Franci, G., Falanga, A., et al., Function oriented molecular design:
dendrimers as novel Antimicrobbials. Molecules, 2017; 22(10): 1581.

www.wjpr.net

│

Vol 10, Issue 5, 2021.

│

ISO 9001:2015 Certified Journal

│

876

Arora et al.

World Journal of Pharmaceutical Research

44. Agrawal, P., Gupta, U., Jain, N.K., Glycoconjugated peptide dendrimers-based
nanoparticulate system for the delivery of chloroquine phosphate. Biomaterials, 2007;
28(22): 3349–3359.
45. Bhadra, D.; Yadav, A.K.; Bhadra, S.; Jain, H.K. Glycodendrimeric nanoparticulate
carriers of primaquine phosphate for liver targeting. Int. J. Pharm., 2005; 295: 221–233.
[CrossRef] [PubMed].
46. Slabbert, C., Du Plessis, L.H., Kotzé, A.F., Evaluation of the physical properties and
stability of two lipid drug delivery systems containing mefloquine. Int. J. Pharm., 2011;
409(1–2): 209–215.
47. Akbarzadeh A, Rezaei-Sadabady R, Davaran S, et al. Liposome: classification,
preparation, and applications. Nanoscale Res Lett., 2013; 8: 1.
48. Pirson P, Steiger RF, Trouet A, et al. Liposomes in the chemotherapy of experimental
murine malaria. Trans R Soc Trop Med Hyg., 1979; 73: 347.
49. Rajendran, V., Rohra, S., Raza, M., et al., Stearylamine liposomal delivery of monensin
in combination with free artemisinin eliminates blood stages of Plasmodium falciparum
in culture and P. berghei infection in murine malaria. Antimicrob. Agents Chemother,
2016; 60(3): 1304–1318.
50. Urban P, Estelrich J, Cort es A, Fernandez-Busquets X. A nanovector with complete
discrimination for targeted delivery to Plasmodium falciparum-infected versus noninfected red blood cells in vitro. J Control Release, 2011; 151: 202–11.
51. Youngs, W. J., Knapp, A. R., Wagers, P. O., Tessier, C. A. Nanoparticle encapsulated
1107 silver carbene complexes and their antimicrobial and anticancer properties: a 1108
perspective. Dalton Trans., 2012; 41: 327-336.
52. Medici, S., Peana, M., Nurchi, V. M., Lachowicz, J. I., Crisponi, G., Zoroddu, M. A.
Noble metals in medicine: Latest advances. Coord Chem Rev., 2015; 284: 329-350.
53. Abou-El-Nour, K. M. M., Eftaiha, A., Al-Warthan, A., Ammar, R. A. A. Synthesis and
applications of silver nanoparticles. Arabian J. Chem., 2010; 3: 135–140.
54. Yuan, Y. G., Peng, Q. L., Gurunathan, S. Effects of silver nanoparticles on multiple drug
resistant strains of Staphylococcus aureus and Pseudomonas aeruginosa from mastitis
infected goats: An alternative approach for antimicrobial therapy. Int. J. Mol. Sci., 2017;‟
18(3): 569.
55. Morones, J. R., Elechiguerra, J. L., Camacho, A., Holt, K., Kouri, J. B., Ramirez, J. T.,
Yacaman, M. J. The bactericidal effect of silver nanoparticles. Nanotechnology, 2005; 16,
2346–2353.
www.wjpr.net

│

Vol 10, Issue 5, 2021.

│

ISO 9001:2015 Certified Journal

│

877

Arora et al.

World Journal of Pharmaceutical Research

56. Mehnert W, Mader K. Solid lipid nanoparticles: production, characterization and
applications. Adv Drug Deliv Rev., 2001; 47: 165–96.
57. Dwivedi, P., Khatik, R., Khandelwal, K., et al., Pharmacokinetics study of arteether
loaded solid lipid nanoparticles: an improved oral bioavailability in rats. Int. J. Pharm.,
2014b; 466(1-2): 321–327.
58. Y. Gupta, A. Jain, S.K. Jain, Transferrin-conjugated solid lipid nanoparticles for
enhanced delivery of quinine dihydrochloride to the brain, J. Pharm. Pharmacol, 2007;
59: 935–940.
59. M. Joshi, S. Pathak, S. Sharma, V. Patravale, Design and in vivo pharmacodynamic
evaluation of nanostructured lipid carriers for parenteral delivery of artemether: Nanoject,
Int. J. Pharm., 2008; 364: 119–126.
60. Muga, J.O., Gathirwa, J.W., Tukulula, M., Jura, W.G., In vitro evaluation of chloroquineloaded and heparin surface-functionalized solid lipid nanoparticles. Malaria J., 2018;
17(1): 133.
61. Jaiswal M, Dudhe R, Sharma PK. Nanoemulsion: an advanced mode of drug delivery
system. 3 Biotech, 2015; 5: 123–7.
62. Memvanga, P.B., Préat, V., Formulation design and in vivo antimalarial evaluation of
lipid-based drug delivery systems for oral delivery of β-arteether. Eur. J. Pharm.
BioPharm., 2012; 82(1): 112–119.
63. Joshi M, Pathak S, Sharma S, Patravale V. Solid microemulsion preconcentrate
(NanOsorb) of artemether for effective treatment of malaria. Int J Pharm., 2008; 362:
172–8.
64. Yang, Y., Gao, H., Zhou, S., et al., Optimization and evaluation of lipid emulsions for
intravenous co-delivery of artemether and lumefantrine in severe malaria treatment. Drug
Deliv. Transl. Res., 2018; 8(5): 1171–1179.
65. Leite EA, Grabe-Guimar~aes A, Guimar~aes HN, et al. Cardiotoxicity reduction induced
by halofantrine entrapped in nanocapsule devices. Life Sci., 2007; 80: 1327–34.
66. Anand, N., Kanwar, R.K., Sehgal, R., Kanwar, J.R., Antiparasitic and immunomodulatory
potential of oral nanocapsules encapsulated lactoferrin protein against Plasmodium
berghei. Nanomed, 2016; 11(1): 47–62.
67. Velasques, K., Maciel, T.R., DalForno, A.H., et al., Co-nanoencapsulation of antimalarial
drugs increases their in vitro efficacy against Plasmodium falciparum and decreases their
toxicity to Caenorhabditis elegans. Eur. J. Pharm. Sci., 2018; 118: 1–2.

www.wjpr.net

│

Vol 10, Issue 5, 2021.

│

ISO 9001:2015 Certified Journal

│

878

