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Abstract 

Malaria remains a global health challenge despite extensive efforts in prevention and 

treatment. Prompt diagnosis and effective treatment are critical for eradication efforts, yet 

resistance to current therapeutic drugs, particularly in Plasmodium falciparum and 

Plasmodium vivax, poses a major obstacle. Traditional antimalarial such as quinine, 

chloroquine, and artemisinin-based combination therapies have been widely used, but their 

effectiveness is increasingly compromised by resistance and pharmacokinetic limitations. 

Many antimalarial drugs suffer from poor bioavailability, off-target delivery, and suboptimal 

penetration into infected erythrocytes, leading to toxicity and reduced efficacy. 

Nanotechnology has emerged as a promising strategy to overcome these challenges by 



enhancing drug stability, targeted delivery, and intracellular retention while minimizing 

adverse effects. Nanocarriers have been explored for encapsulating antimalarial agents, 

improving subcellular specificity, and protecting drugs from enzymatic degradation. This 

review examines recent advancements in nanotechnology-based drug delivery for malaria 

treatment and discusses the challenges associated with their application in this field. 
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Introduction  

Globally, despite vast efforts in prevention and treatment, malaria continues to cause morbidity 

and mortality. Prompt diagnosis and effective treatment remain critical tactics for malarial 

treatment and eradication efforts. In humans, malaria is primarily caused by Plasmodium 

species including P. vivax, P. falciparum, P. malariae, P. knowlesi and P. ovale. Of these, P. 

vivax and P. falciparum are the most common and clinically significant species globally. Both 

species have overtime developed resistance towards the current therapeutic drugs, imposing a 

major obstacle in malaria elimination efforts [1]. 

Over the years, several treatments have been proposed and employed in treating malaria. 

Quinine, the first purified malaria treatment, shows efficacy against all Plasmodium species; 

schizonts [2, 3]. Although it is not the first line of treatment due to resistance, it is used in 

combination with clindamycin to treat uncomplicated malaria during pregnancy and for severe 

malaria [2, 4]. Other antimalarials drugs include mefloquine used for chemoprophylaxis and 

often combined with artesunate for uncomplicated malaria. Similarly, lumefantrine combined 

with artemether for treating uncomplicated P. falciparum malaria [2].  

Chloroquine remains useful for treating P. malarie, P. ovale, and P. vivax malaria in areas 

without resistance whereas primaquine liver stages of P. ovale and P. vivax. Artemisinin 

derivatives including dihydroartemisinin arteether, artemether are commonly used in 

artemisinin-based combination therapies for uncomplicated malaria. The most common ACT 

drug combinations for treating uncomplicated malaria are dihydroartemsinin/piperaquine, 

artemether/lumefantrine and artesunate/sulfadoxine-pyrimethamine. On the other hand, 

proguanil/atovaquone is used for malaria prophylaxis and managing chloroquine-resistant 

strains [2, 5].  

Apart from resistance, some antimalaria drugs have been reported to have poor bioavailability 

thus requiring high dosages resulting in adverse side effects [6]. Moreover, some are 

characterized by poor pharmacokinetic profile, off target delivery and inability to penetrate 

erythrocytes leading to accumulation of the drugs in non-targeted tissue and interaction with 

plasma proteins [7]. Focusing on the development of efficient drug delivery systems offers a 

promising strategy to surpass these drawbacks rather than emphasizing solely on discovering 

new drugs whose effectiveness is rapidly diminished by the parasite's resistance evolution. 

Moreover, the process of developing new drugs is a rigorous, time consuming and costly [5].  



Within the array of strategies of malaria eradication, nanotechnology has emerged as a pivotal 

approach in developing effective drugs owing to their unique chemical, biological and physical 

properties that can be harnessed to address challenges in the management of malaria. 

Nanomaterials have been investigated for their capacity to encapsulate existing and emerging 

antimalarial agents and efficiently deliver them to specific targets sites. Therefore, they have a 

critical role in enhancing subcellular target specificity, intracellular retention and protect the 

drug from intracellular enzymatic degradation thereby improving efficacy and safety of 

antimalaria drugs [8]. The present review intends to analyse the recent development of 

nanocarriers that have been studied for malaria treatment. The review also covers the 

challenges of these nanocarriers in this field. 

Development of nanomaterials against malaria 

Nanotechnology in malaria diagnosis 

Nanotechnology has recently been applied to improve the diagnostic tools already in place. 

Apart from clinical diagnosis, malaria diagnostic tools are based on specific Plasmodium 

biomarkers including unique parasite proteins such as lactate dehydrogenase, aldolase, 

histidine-rich protein II, and hemozoin a pigment marker. Detection of these markers involve 

direct microscope measurement of the parasite in blood sample, nucleic acid detection or 

antigen detection [9]. In addition, novel sensors which have been placed as simple, cost 

effective and rapid have been developed against Plasmodium biomarkers.  

Previous studies have reported that nanotechnology- based diagnostic platforms can boost up 

detection of malaria at lower parasite level, offering a rapid, accurate, and sensitive method, 

which the tradition diagnostic tools are devoid of [8, 10]. Castro-Sesquen et al. [9] employed 

magnetic beads conjugated with anti-histidine-rich protein 2 (HRP2) antibody to detect and 

quantify P. falciparum HRP2 in serum and urine. Nanomaterials including magnetic and gold 

nanoparticles (AUNPs) coupled to the sensors has been shown to improve sensitivity and 

performance of the platform leading to better and precise diagnosis [101]. Moreover, molecular 

methods for diagnosis based on nucleic acids amplification tests (NAAT) have been improved 

through nanotechnology [11].   

Nanotechnology in malaria treatment 

At present, various drug combination has employed in the treatment of malaria including, 

ACTs. Despite showing therapeutic efficacy, there is still room to reduce their toxicity, prevent 

drug resistance, increase half-life and decrease the dosage for effective treatment [10].  In this 

regard, nanotechnology-based drug delivery system has been designed to target specific 

molecules, prevent drug from degradation, therefore, prolong blood circulation time, improve 

pharmacokinetic profiles, decrease dose frequency and thereby increase overall efficacy of 

treatments [12].  

Polymeric delivery systems  

Polymeric drug delivery systems have gained attention owing to their ability to control the 

release of drugs and adjust circulatory half-life properties. Hydrogels, polyplexes and micelles 



are some of the responsive polymers for delivery of drugs with the ability to alter their 

physiochemical properties in response to external stimuli [13, 14]. With their unique 

hydrophilic shell structure that prolong drug’s presence in the blood circulation, micelles are 

the most used polymers. Moreover, they can be functionalized with diverse ligands altering 

their permeability and hydrophobic core used to encapsulate and increase the solubility of poor 

water-soluble drugs [13, 15]. 

Polymeric particles including as chitosan, albumin and alginate have also been demonstrated 

to affect the kinetic of drugs thereby increasing biocompatibility.  Natesan et al. [16](16) 

demonstrated that an artemisinin had a greater drug concentration when it was loaded with 

chitosan. The author attributed the increased bioavailability of the drug to the muco-adhensive 

properties of chitosan coat which interact with the mucus layer thereby increasing the residence 

at the site of absorption and assisting in attenuating drug release. Other polymeric delivery 

systems such as nanospheres, hydrogels and nanocapsules have been used to deliver 

antimalarial drugs. Whereas nanocapsules are vesicular systems characterized with hollow-

core structures in which drugs are encapsulated within, nanospheres are solid core spherical 

particulates with a matrix in which the drug is embedded. To improve the efficacy, chloroquine 

loaded PLA nanospheres has been developed. The complex was prepared nanoprecipitation 

and emulsification solvent evaporation method. It was observed that the loaded PLA improved 

the uptake of chloroquine by the cell and elevated its activity [17].  

Recent advancements in hydrogel-based drug delivery system have demonstrated significant 

promise in malaria treatment [18]. Composed of water-soluble polymers, hydrogels offer a 

biodegradable framework for safe and controlled drug delivery. For example, soy protein 

isolate-carbopol polyacrylamide-based hydrogels loaded with curcumin and chloroquine 

showed dual drug release with elevated rates at pH 7.4. Not only did this approach ensure slow 

of release of the drug but also permit the dual to address drug resistance. In addition, 

lumefantrine-loaded with hydrogels demonstrated improved release profiles while maintaining 

minimal toxicity and biocompatibility [19].  

Vesicular drug delivery system 

Liposomes  

Liposomes, with their colloidal bilayer structure, encapsulate hydrophilic and hydrophobic 

drugs thereby protecting them from enzymatic degradation as well as elevate their efficacy. 

Sinha et al 2024). Co-loading lumefantrine and artemether into liposomes exhibited stability 

for 60 days at 4oC, coupled with highly absorption in the liver and spleen, and a sustained drug 

release with minimal toxicity. Similarly, Iravani & Varma [20] reported that chloroquine-

encapsulated liposomes administered in different routes in mice demonstrated higher drug 

concentration in the target sites compared to free chloroquine.  

Niosomes, an alternative to liposomes have also been embraced in the management of malarial 

owing to their enhanced stability, cost effectiveness and versatility in drug delivery. Niosomes 

co-loaded with artemether demonstrated high drug entrapment efficiency and enhanced 

sustained release profiles. Additionally, curcumin and primaquine loaded with niosomes 



showed superior antimalarial efficacy, enhanced drug bioavailability with minimal toxicity 

[21].  

Recent advancement in ethosomal formulations for antimalarial drugs including febrifugine 

and artesunate have improved encapsulation efficiency, drug release and skin permeation 

compared to the conventional systems. Antimalarial drugs are encapsulated in ethosomes, 

flexible vesicles comprising of water, ethanol and phospholipids, designed to enhance 

transdermal drug delivery through their ability to increase skin permeability [22].  

Solid lipid nanoparticles 

Solid lipid nanoparticles have played a role in the development of effective antimalarial drug 

offering controlled release, enhanced drug stability and improved bioavailability. SLN are 

submicron colloidal carriers consisting of physiologically safe materials. They encapsulate 

antimalarial drug in a solid lipid matrix, protecting them from enzymatic degradation in the 

gastrointestinal tract. Studies have shown the potential of SLNs to enhance therapeutic efficacy 

as demonstrated by artemether-loaded SLNS which elevated permeability and dissolution with 

a biphasic release profile, and arteether-loaded SLNs, which depicted delayed metabolism and 

high entrapment efficiency [23]. 

Similarly, chloroquine-loaded with SLNs exhibited slow drug release and increased 

significantly the efficacy compared to free chloroquine [24]. Primaquine-loaded SLNs, 

prepared using a double-emulsification method and coupled with chitosan, exhibited prolong 

drug released and superior chemosuppression compared to free primaquine [25]. Moreover, 

dihydroartemisinin coupled with SLNs circumvent solubility challenges thereby achieving 

high release rate with enhanced in vivo efficacy [26]. Artesunate-loaded SLNs further 

demonstrated bioavailability, improved aqueous solubility and pH sensitive sustained release 

[23].  

Carbon-based drug delivery 

Recently, carbon-based nanoparticles particles such as graphene and graphene oxide, 

fullerenes, carbon nanotubes have drawn attention [8]. Due to their large surface area, 

permeability across the membranes, high drug-loading capacity, the carbon-based 

nanoparticles, are desirable choices for antimalarial drug delivery. Fullerenes derivatives such 

as C20, C60, C70, are molecules composed of carbon atoms. Owing to their solubility in organic 

solvents, they readily accept electrons and aggregate readily in aqueous media. Nevertheless, 

addition of hydroxy groups to form fullerenols, can improve their solubility in water. Properties 

such as spherical shape, loading efficiency, antioxidant effects, capacity to sustain drug release 

and low adverse effects, make the derivatives ideal for drug delivery [27]. Regarding malarial 

treatment, in their study, Novir and Aram [28] demonstrated that the solubility and stability of 

chloroquine was enhanced when encapsulated with pristine C60 fullerene.  

Previous studies have shown that carbon nanotubes can be employed to antimalarial drug 

carriers due to their desirable properties. A study by Singh & Konwar [29] demonstrated that 

artemether and its derivatives had high inhibitory effects against the translationally control 

tumor protein of P. falciparum using carbon nanotubes carriers.  



Target specific nanoparticles 

Active cell targeting has been considered effective in therapy of malaria diseases. Unlike 

passive targeting which employs common nanocarriers, active targeting involves the use of 

nanocarrier modified with ligands such as peptide protein, antibodies or carbohydrates. 

Liposomal formulation including those incorporated into maleimidophenyl butyramide 

phosphoethanolamine (MPB-PE) have exhibited antiparasitic effects by targeting and thereby 

inhibiting Plasmodium falciparum. Similarly, heparin-functionalized liposomes have increased 

the efficacy of encapsulated primaquine three times through synergistic parasiticidal while 

sparing healthy red blood cells. Nevertheless, complete parasite elimination poses a challenge 

[30, 31].   

Metallic nanoparticles 

Metallic nanoparticles including gold (AuNPs) and silver (AgNPs) are extensively being 

explored for antimalarial studies. Functionalization of AUNPs enhances their utility permitting 

for conjugation with drugs to target specific sites [32]. For instance, functionalizing Au(I) and 

(II) with ligands have exhibited efficacy against chloroquine-sensitive and chloroquine-

resistant P. falciparum strains [33]. Rai et al [34] also reported that silver-based nanoparticles 

have efficacy against P. falciparum. In addition, glucose-based gold nanoclusters have 

demonstrated high specificity for P. falciparum sparing uninfected erythrocytes thereby 

improving drug efficacy.  

Moreover, beyond treatment, AuNPs are explored as vaccine carriers enhancing 

immunogencity of antigens and offering promising platforms for transmission-blocking 

malaria [35]. On the other hand, silver nanoparticles have showed effectiveness against P. 

falciparum and malaria vectors due to their antiparasitic properties characterized by their 

ability to release bioactive silver ions that disrupt cellular membranes, hindering metabolic 

activities and eventually inducing necrosis and apoptosis in parasites [8].  

Vaccine 

It is documented that nanotechnology is an innovative platforms for developing malaria 

vaccines though the improvement of antigen stability, facilitating controlled release kinetic and 

enhancing immunogenicity [36]. Several drug candidates including Mosquirix has undergone 

clinical studies. Mosquirix utilizes virus-like particles at the nanometric scale to target specific 

proteins in P. falciparum. In addition, co-loading vaccines with lipid nanocarriers are being 

investigated for their potential to enhance immune responses against malaria [37].  

Challenges 

Potential toxicity of the nanoparticles is a major concern to human and the environment. For 

example, metal nanoparticles can generate free radicals leading to oxidative stress, which 

causes damage to cellular components including DNA, protein and lipids. Moreover, due to 

high reactivity, accidental exposure, accumulation of off-target nanomaterials and extended 

circulation time, several adverse effects including neurotoxicty, nephrotoxicity and 



immunogenic responses have been observed following exposure to metal-based nanoparticles 

[38, 39].  

Production of nanoparticles for therapeutic use is often costly and to some extent requires 

complex synthesis techniques. Scaling up the production of nanocarriers for mass production 

remains a significant challenge especially for low resource setting where malaria is prevalent. 

Lack of standardized protocol for the approval of nanomedicine pose a challenge since each 

type of nanoparticle require to meet stringent regulatory requirements for quality, efficacy and 

safety. Additionally, designing nanoparticle with the correct physical features and 

functionalization to ensure appropriate drug delivery is highly challenging. For this, a precise 

formulation is needed to maintain stability and prevent aggregation of nanocarriers which could 

affect their therapeutic efficacy [401].  

Currently majority of studies concentrate on testing nanocarriers against a single Plasmodium 

species obtained from a single source, rather than investigating different species from multiple 

origins including clinical isolates. In addition, long-term studies on the effect of nanocarriers 

in vivo is still limited. Arguably, long term accumulation of nanocarriers in the body could lead 

to organic toxicity or interfere with biological functions [410].  

 

 

Conclusion  

Despite the progress made in malaria treatment, the current diagnostic and therapeutic options 

have limitations. Moreover, although ACTs drugs have exhibited good efficacy, factors such as 

adverse effects, poor aqueous solubility, unpalatability have resulted in poor patient adherence 

and eventually parasite resistance. The drugs also undergo elevated first-pass metabolism lack 

specificity and have lower efficacy that what it could potentially be. Nevertheless, it is well 

documented that nanomaterials present novel opportunities to overcome such hurdles through 

enhanced drug delivery, precise targeting, and sensitive diagnostic tools. Nanotechnology also 

has the advantage in further advancement of vaccine treatment modalities. These innovations 

aim to improve malaria treatment and contribute to the efforts towards malaria elimination and 

eradication goals. Despite the exciting development in malaria treatment, nanotechnology is 

not devoid of challenges including toxicity. 

References 

1. Shanks GD. Historical review: problematic malaria prophylaxis with quinine. The 

American journal of tropical medicine and hygiene. 2016 Aug 8;95(2):269.Habimana EJ. 

Nanotechnology in Malaria Diagnosis and Treatment: Emerging Trends and Applications 

Newport international Journal of Public Health and Pharmacy. 2024; 5(2): 82-85 

1.  

2. Cibulskis RE, Alonso P, Aponte J, Aregawi M, Barrette A, Bergeron L, Fergus CA, Knox 

T, Lynch M, Patouillard E, Schwarte S. Malaria: global progress 2000–2015 and future 

challenges. Infectious diseases of poverty. 2016 Dec;5:1-8.World Health 



Organization, Guidelines for the Treatment of Malaria, 3rd edn, WHO Press, Geneva, 

Switzerland, 2015  

2.  

3. Achan J, Talisuna AO, Erhart A, Yeka A, Tibenderana JK, Baliraine FN, Rosenthal PJ, 

D'Alessandro U. Quinine, an old anti-malarial drug in a modern world: role in the treatment 

of malaria. Malaria journal. 2011 Dec;10:1-2.Achan J, Talisuna AO, Erhart A, Yeka JK, 

Tibenderana FN, Baliraine PJ, Rosenthal D’Alessandro U. Quinine, an old anti-malarial 

drug in a modern world: role in the treatment of malaria, Malar. J. 2011; (10):144  

3.  

4. Rogerson SJ. Management of malaria in pregnancy. Indian journal of medical research. 

2017 Sep 1;146(3):328-33.Rogerson SJ, Management of malaria in pregnancy, Indian J. 

Med. Res. 2017; (146): 328–333 

5. Tse EG, Korsik M, Todd MH. The past, present and future of anti-malarial medicines. 

Malaria journal. 2019 Mar 22;18(1):93.Tse EG, Korsik M, and Todd MH. The past, present 

and future of anti-malarial medicines, Malar. J. 2019; (18):93  

5.  

6. Ali AM, Penny MA, Smith TA, Workman L, Sasi P, Adjei GO, Aweeka F, Kiechel JR, 

Jullien V, Rijken MJ, McGready R. Population pharmacokinetics of the antimalarial 

amodiaquine: a pooled analysis to optimize dosing. Antimicrobial agents and 

chemotherapy. 2018 Oct;62(10):10-128.Ali MA, Penny MA, Smith TA, Workman L, Sasi 

P, Adjei GO, Aweeka F, Kiechel JR, Jullien V, Rijken MJ, McGready R, Mwesigwa J, 

Kristensen K, Stepniewska K, Tarning J, Barnes KI and Denti P. Population 

pharmacokinetics of the antimalarial amodiaquine: a pooled analysis to optimize dosing. 

Antimicrob. Agents Chemother. 2018; (62):02193 

6.  

7. Newton P, Suputtamongkol Y, Teja-Isavadharm P, Pukrittayakamee S, Navaratnam V, Bates 

I, White N. Antimalarial bioavailability and disposition of artesunate in acute falciparum 

malaria. Antimicrobial agents and chemotherapy. 2000 Apr 1;44(4):972-7.Newton PY, 

Suputtamongkol P, Teja-Isavadharm S, Pukrittayakamee V, Navaratnam I, Bates and White 

N, Antimalarial bioavailability and disposition of artesunate in acute falciparum 

malaria, Antimicrob. Agents Chemother., 2000; (44): 972–977  

7.  

8. Sinha S, Sehgal R, Medhi B. Metallic nanoparticles in malaria treatment: advances in 

therapeutics, diagnostics, and future prospects. AAPS Open. 2024 Dec 2;10(1):13.Sinha S, 

Sehgal R, Medhi B. Metallic nanoparticles in malaria treatment: advances in therapeutics, 

diagnostics, and future prospects. AAPS Open. 2024; (10):13   

8.  

9. Castro-Sesquen YE, Kim C, Gilman RH, Sullivan DJ, Searson PC. Nanoparticle-based 

histidine-rich protein-2 assay for the detection of the malaria parasite Plasmodium 

falciparum. The American journal of tropical medicine and hygiene. 2016 Aug 

8;95(2):354.Castro-Sesquen YE, Kim C, Gilman RH, Sullivan DJ, Searson PC. 

Nanoparticle-Based Histidine-Rich Protein-2 Assay for the Detection of the Malaria 

Parasite Plasmodium falciparum. Am J Trop Med Hyg. 2016;95(2):354-7.  

9.  

10. Guasch-Girbau A, Fernàndez-Busquets X. Review of the current landscape of the potential 

of nanotechnology for future malaria diagnosis, treatment, and vaccination strategies. 

Pharmaceutics. 2021 Dec 17;13(12):2189.Guasch-Girbau A, Fernàndez-Busquets X.  

Review of the Current Landscape of the Potential of Nanotechnology for Future Malaria 

Diagnosis, Treatment, and Vaccination Strategies. Pharmaceutics. 2021; 13(12); 2189 

10.  



11. Hemben A, Ashley J, Tothill IE. Development of an immunosensor for Pf HRP 2 as a 

biomarker for malaria detection. Biosensors. 2017 Jul 18;7(3):28.Hemben A, Ashley J, 

Tothill IE. Development of an immunosensor for Pf HRP 2 as a biomarker for malaria 

detection. Biosensors. 2017; (7); 28. 

11.  
12. Borgheti-Cardoso LN, San Anselmo M, Lantero E, Lancelot A, Serrano JL, Hernández-

Ainsa S, Fernàndez-Busquets X, Sierra T. Promising nanomaterials in the fight against 

malaria. Journal of Materials Chemistry B. 2020;8(41):9428-48.Borgheti-Cardoso LN, San 

Anselmo M, Lantero E, Lancelot A, Serrano JL, Hernández-Ainsa S, Fernàndez-Busquets 

X, Sierra T. Promising nanomaterials in the fight against malaria. J. Mater. Chem. B. 2020; 

(8); 9428–9448. 

12.  
13. Alven S, Aderibigbe BA. Nanoformulations of old and new antimalarial drugs. 

InApplications of Nanobiotechnology for Neglected Tropical Diseases 2021 Jan 1 (pp. 191-

216). Academic Press.Alven S, Aderibigbe BA, Nanoformulations of old and new 

antimalarial drugs. In Applications of Nanobiotechnology for Neglected Tropical Diseases; 

Rocha Formiga, F., Inamuddin, Severino, P., Eds.; Elsevier: Amsterdam, The Netherlands, 

2021;191–216 

13.  
14. Liechty WB, Kryscio DR, Slaughter BV, Peppas NA. Polymers for drug delivery systems. 

Annual review of chemical and biomolecular engineering. 2010 Jul 15;1(1):149-73.Liechty 

WB, Kryscio DR, Slaughter BV, Peppas NA. Polymers for drug delivery systems. Annu 

Rev Chem Biomol Eng. 2010; 1:149–73. 

14.  
15. Wei M, Gao Y, Li X, Serpe MJ. Stimuli-responsive polymers and their applications. 

Polymer Chemistry. 2017;8(1):127-43.Wei M, Gao Y, Li X, Serpe MJ. Stimuli-responsive 

polymers and their applications. Polym Chem. 2017;8(1):127–43. 

15.  
16. Guo X, Wang L, Wei X, Zhou S. Polymer‐based drug delivery systems for cancer treatment. 

Journal of Polymer Science Part A: Polymer Chemistry. 2016 Nov 15;54(22):3525-50.Guo 

X, Wang L, Wei X, Zhou S. Polymer-based drug delivery systems for cancer treatment. J 

Polym Sci Part A Polym Chem. 2016; 54(22):3525–50. 

16.  
17. Natesan S, Ponnusamy C, Sugumaran A, Chelladurai S, Palaniappan SS, Palanichamy R. 

Artemisinin loaded chitosan magnetic nanoparticles for the efficient targeting to the breast 

cancer. International journal of biological macromolecules. 2017 Nov 1;104:1853-

9.Natesan S, Ponnusamy C, Sugumaran A, Chelladurai S, Palaniappan SS, Palanichamy R. 

Artemisinin loaded chitosan magnetic nanoparticles for the efficient targeting to the breast 

cancer. Int J Biol Macromol. 2017; 104:1853–9. 

17.  
18. Lima TL, Feitosa RD, dos Santos-Silva E, dos Santos-Silva AM, Siqueira EM, Machado 

PR, Cornélio AM, do Egito ES, Fernandes-Pedrosa MD, Farias KJ, da Silva-Júnior AA. 

Improving encapsulation of hydrophilic chloroquine diphosphate into biodegradable 

nanoparticles: a promising approach against herpes virus simplex-1 infection. 

Pharmaceutics. 2018 Dec 3;10(4):255Lima TLC, Feitosa RC, Dos Santos-Silva E, et al. 

Improving encapsulation of hydrophilic chloroquine diphosphate into biodegradable 

nanoparticles: a promising approach against herpes virus simplex-1 infection. 

Pharmaceutics. 2018;10(4):255. 

19. Kekani LN, Witika BA. Current advances in nanodrug delivery systems for malaria 

prevention and treatment. Discover Nano. 2023 Apr 20;18(1):66.Kekani LN, Witika BA, 



Current advances in nanodrug delivery systems for malaria prevention and 

treatment. Discover Nano. 2023; 18: 66  

19.  
20. Aderibigbe BA, Mhlwatika Z. Dual release kinetics of antimalarials from soy protein 

isolate‐carbopol‐polyacrylamide based hydrogels. Journal of Applied Polymer Science. 

2016 Oct 5;133(37).Aderibigbe BA, Mhlwatika Z. Dual release kinetics of antimalarials 

from soy protein isolate-carbopol-polyacrylamide based hydrogels. J Appl Polym Sci. 

2016;133(37):43918. 

20.  
21. Iravani S, Varma RS. Nanosponges for drug delivery and cancer therapy: Recent advances. 

Nanomaterials. 2022 Jul 16;12(14):2440.Iravani S, Varma RS. Nanosponges for drug 

delivery and cancer therapy: recent advances. Nanomaterials. 2022;12(14):2440. 

21.  
22. Thakkar M, Brijesh S. Physicochemical investigation and in vivo activity of anti-malarial 

drugs co-loaded in Tween 80 niosomes. Journal of liposome research. 2018 Oct 

2;28(4):315-21.Thakkar M, Brijesh S. Physicochemical investigation and in vivo activity 

of anti-malarial drugs co-loaded in Tween 80 niosomes. J Liposome Res. 2018; 28(4):315–

21. 

22.  
23. Shen S, Liu SZ, Zhang YS, Du MB, Liang AH, Song LH, Ye ZG. Compound antimalarial 

ethosomal cataplasm: preparation, evaluation, and mechanism of penetration enhancement. 

International journal of nanomedicine. 2015 Jun 30:4239-53.Shen S, Liu S-Z, Zhang Y-S, 

et al. Compound antimalarial ethosomal cataplasm: preparation, evaluation, and 

mechanism of penetration enhancement. Int J Nanomed. 2015; 10:4239. 

23.  
24. Masiiwa WL, Gadaga LL. Intestinal Permeability of Artesunate‐Loaded Solid Lipid 

Nanoparticles Using the Everted Gut Method. Journal of drug delivery. 

2018;2018(1):3021738.Masiiwa WL, Gadaga LL. Intestinal permeability of artesunate-

loaded solid lipid nanoparticles using the everted gut method. J Drug Deliv. 2018; 2018:1–

9. 

24.  
25. Muga JO, Gathirwa JW, Tukulula M, Jura WG. In vitro evaluation of chloroquine-loaded 

and heparin surface-functionalized solid lipid nanoparticles. Malaria journal. 2018 

Dec;17:1-7.Muga JO, Gathirwa JW, Tukulula M, Jura WGZO. In vitro evaluation of 

chloroquine-loaded and heparin surface-functionalized solid lipid nanoparticles. Malar J. 

2018;17(1):133.  

25.  
26. Omwoyo WN, Ogutu B, Oloo F, Swai H, Kalombo L, Melariri P, Mahanga GM, Gathirwa 

JW. Preparation, characterization, and optimization of primaquine-loaded solid lipid 

nanoparticles. International Journal of nanomedicine. 2014 Aug 11:3865-74.Omwoyo WN, 

Ogutu B, Oloo F, et al. Preparation, characterization, and optimization of primaquine-

loaded solid lipid nanoparticles. Int J Nanomed. 2014;9:3865. 

26.  
27. Omwoyo WN, Melariri P, Gathirwa JW, Oloo F, Mahanga GM, Kalombo L, Ogutu B, Swai 

H. Development, characterization and antimalarial efficacy of dihydroartemisinin loaded 

solid lipid nanoparticles. Nanomedicine: Nanotechnology, Biology and Medicine. 2016 

Apr 1;12(3):801-9.Omwoyo WN, Melariri P, Gathirwa JW, et al. Development, 

characterization and antimalarial efficacy of dihydroartemisinin loaded solid lipid 

nanoparticles. Nanomed Nanotechnol Biol Med. 2016;12(3):801–9. 

27.  



28. Gaur M, Misra C, Yadav AB, Swaroop S, Maolmhuaidh FÓ, Bechelany M, Barhoum A. 

Biomedical applications of carbon nanomaterials: fullerenes, quantum dots, nanotubes, 

nanofibers, and graphene. Materials. 2021 Oct 11;14(20):5978.Gaur M, Misra C, Yadav 

AB, et al. Biomedical applications of carbon nanomaterials: fullerenes, quantum dots, 

nanotubes, nanofibers, and graphene. Materials. 2021;14(20):5978. 

28.  
29. Novir SB, Aram MR. Quantum mechanical simulation of Chloroquine drug interaction 

with C60 fullerene for treatment of COVID-19. Chemical physics letters. 2020 Oct 

16;757:137869.Novir SB, Aram MR. Quantum mechanical simulation of Chloroquine drug 

interaction with C60 fullerene for treatment of COVID-19. Chem Phys Lett. 2020; 

757:137869. 

29.  
30. Singh SP, Konwar BK. Carbon nanotube assisted drug delivery of the anti-malarial drug 

artemesinin and its derivatives—a theoretical nanotechnology approach. Journal of 

Bionanoscience. 2013 Dec 1;7(6):630-6.Singh SP, Konwar BK. Carbon nanotube assisted 

drug delivery of the anti-malarial drug artemesinin and its derivatives—a theoretical 

nanotechnology approach. J Bionanosci. 2013;7(6):630–6. 

30.  
31. Moles E, Urbán P, Jiménez-Díaz MB, Viera-Morilla S, Angulo-Barturen I, Busquets MA, 

Fernàndez-Busquets X. Immunoliposome-mediated drug delivery to Plasmodium-infected 

and non-infected red blood cells as a dual therapeutic/prophylactic antimalarial strategy. 

Journal of Controlled Release. 2015 Jul 28;210:217-29.Moles E, Urbán P, Jiménez-Díaz 

MB, et al. Immunoliposome-mediated drug delivery to Plasmodium-infected and non-

infected red blood cells as a dual therapeutic/prophylactic antimalarial strategy. J Control 

Release. 2015; 210:217–29. 

31.  
32. Marques J, Valle-Delgado JJ, Urbán P, Baró E, Prohens R, Mayor A, Cisteró P, Delves M, 

Sinden RE, Grandfils C, de Paz JL. Adaptation of targeted nanocarriers to changing 

requirements in antimalarial drug delivery. Nanomedicine: Nanotechnology, Biology and 

Medicine. 2017 Feb 1;13(2):515-25.Marques J, Valle-Delgado JJ, Urbán P, et al. 

Adaptation of targeted nanocarriers to changing requirements in antimalarial drug delivery. 

Nanomedicine. 2017;13(2):515–25 

32.  
33. Amina SJ, Guo B. A review on the synthesis and functionalization of gold nanoparticles as 

a drug delivery vehicle. International journal of nanomedicine. 2020 Dec 7:9823-57.Amina 

SJ, Guo B. A review on the synthesis and functionalization of gold nanoparticles as a drug 

delivery vehicle. Int J Nanomedicine. 2020; 15:9823–9857 

33.  
34. Hemmert C, Fabié A, Fabre A, Benoit-Vical F, Gornitzka H. Synthesis, structures, and 

antimalarial activities of some silver (I), gold (I) and gold (III) complexes involving N-

heterocyclic carbene ligands. European journal of medicinal chemistry. 2013 Feb 1;60:64-

75.Hemmert C, Fabié A, Fabre A, Benoit-Vical F, Gornitzka H. Synthesis, structures, and 

antimalarial activities of some silver(I), gold(I) and gold (III) complexes involving N-

heterocyclic carbene ligands. Eur J Med Chem. 2013; 60:64–75 

34.  
35. Rai M, Ingle AP, Paralikar P, Gupta I, Medici S, Santos CA. Recent advances in use of 

silver nanoparticles as antimalarial agents. International Journal of Pharmaceutics. 2017 

Jun 30;526(1-2):254-70.Rai M, Ingle AP, Paralikar P, Gupta I, Medici S, Santos CA. 

Recent advances in use of silver nanoparticles as antimalarial agents. Int. J. Pharm. 

2017; 526:254-270 



35.  
36. Kumar R, Ray PC, Datta D, Bansal GP, Angov E, Kumar N. Nanovaccines for malaria 

using Plasmodium falciparum antigen Pfs25 attached gold nanoparticles. Vaccine. 2015 

Sep 22;33(39):5064-71.Kumar R, Ray PC, Datta D, Bansal GP, Angov E, Kumar N. 

Nanovaccines for malaria using Plasmodium falciparum antigen Pfs25 attached gold 

nanoparticles. Vaccine. 2015; 33:5064–5071 

36.  
37. Wang X, Gao X, Wang L, Lin J, Liu Y. Advances of Nanotechnology Toward Vaccine 

Development Against Animal Infectious Diseases. Advanced Functional Materials. 2023 

Nov;33(46):2305061.Wang X, Gao X, Wang L, Lin J, Liu Y. Advances of Nanotechnology 

Toward Vaccine Development Against Animal Infectious Diseases. Advanced Functional 

Materials. 2023; 33:46. 

37.  
38. Abusalah MA, Chopra H, Sharma A, Mustafa SA, Choudhary OP, Sharma M, Dhawan M, 

Khosla R, Loshali A, Sundriyal A, Saini J. Nanovaccines: a game changing approach in the 

fight against infectious diseases. Biomedicine & Pharmacotherapy. 2023 Nov 

1;167:115597.Priyanka MA, Chopra H, Sharma A, Mustafa SA, Choudhary OP, Sharma 

M, Dhawan M, Khosla R, Loshali A, Sundriyal A, Saini J.  Nanovaccines: A game changing 

approach in the fight against infectious diseases. Biomed. Pharmacother.  2023;167, 

115597  

39. Zhang N, Xiong G, Liu Z. Toxicity of metal-based nanoparticles: Challenges in the nano 

era. Frontiers in Bioengineering and Biotechnology. 2022 Nov 10;10:1001572.Zhang N, 

Xiong G, Liu Z (2022) Toxicity of metal-based nanoparticles: challenges in the nano era. 

Front Bioeng Biotechnol 2022; 10:1001572 

39.  
40. Makhdoumi P, Karimi H, Khazaei M. Review on metal-based nanoparticles: role of reactive 

oxygen species in renal toxicity. Chemical Research in Toxicology. 2020 Sep 

10;33(10):2503-14.Makhdoumi P, Karimi H, Khazaei M (2020) Review on metal-based 

nanoparticles: role of reactive oxygen species in renal toxicity. Chem Res Toxicol. 2020; 

33(10):2503–2514 

40.  
41. Filipić B, Pantelić I, Nikolić I, Majhen D, Stojić-Vukanić Z, Savić S, Krajišnik D. 

Nanoparticle-based adjuvants and delivery systems for modern vaccines. Vaccines. 2023 

Jun 29;11(7):1172.Filipić B, Pantelić I, Nikolić I, Majhen D, Stojić-Vukanić Z, Savić S, 

Krajišnik D. Nanoparticle-Based Adjuvants and Delivery Systems for Modern Vaccines. 

Vaccines. 2023: 11; 1172  

42.41. .  

 


