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ABSTRACT 
Malaria represents a global issue that significantly affects personal health, resulting in millions of cases and thousands of 
deaths each year. It primarily affects nations that are still developing, particularly in tropical and subtropical regions. 
Malaria is a disease caused by Plasmodium species, mainly spread through the blood-feeding habits of female Anopheles 
mosquitoes. The main approaches to address malaria include eliminating the parasite using pharmacological treatments 
and preventing its spread through vector control strategies. However, the rise of resistance in vectors and parasites to 
current methods poses a considerable challenge. Given the diminishing efficacy of pharmaceuticals and the detrimental 
impact of pesticides on the environment, focus has turned to discovering biocompatible compounds as possible anti-
malarial treatments. For many years, plant-derived compounds have been employed in conventional medicine, 
particularly in the management of malaria. The effects of these chemicals on both the parasite and the insect have been 
shown to be harmful. Furthermore, these are readily available and cost-effective. The limitation of this lies within the 
governance framework, as green chemical constituents degrade rapidly. The application of nanotechnology to these 
chemicals can improve their absorption in the body, increase solubility in liquids, and achieve the desired effects. 
Consequently, employing nanotechnology in the development of plant-based products is a crucial approach in the fight 
against malaria. This investigation aims to review and comprehend the effects of nanoparticles obtained from plant 
extracts on Anopheles mosquitoes and Plasmodium parasites. Additionally, the research finding of this review will be 
helpful for developing sustainable nanotechnology and advance the current strategies of malaria prevention for 
community health and social welfare. 
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INTRODUCTION 
In 2021, there were more than 247 million cases of malaria worldwide, leading to 619 thousand deaths. 
The data indicates a fatality rate of 14.8 per 100,000 individuals at risk. There was an increase of 2 
million global malaria cases compared to the previous year [1]. The changes in the frequency and spread 
of malaria can be attributed to increased susceptibility to transmission, the genetic variation of the 
parasite, rising drug resistance, and the effects of the COVID-19 pandemic [2]. In the first year of the 
pandemic, the control of malaria faced significant challenges due to restricted access to Insecticide-
Treated Nets (ITNs) and disruptions in malaria treatment and diagnosis, especially within the African 
Region of the World Health Organization (WHO) [1]. The pandemic caused a limitation on malaria 
preventive measures because of the lockdown, resulting in a reduction in the distribution of insecticide-
treated bed nets. Moreover, the health systems encountered a considerable obstacle due to a shortage of 
healthcare personnel, which stemmed from a lack of protective equipment, the shutdown of clinics as a 
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result of quarantine protocols, and the reallocation of all resources to manage the pandemic. This 
promptly obstructed the capacity to efficiently oversee and avert new instances of malaria [3]. In 2021, 
the World Health Organization (WHO) reported a significant increase in malaria infections, particularly in 
Africa and Asia. About 268 million people in these areas required assistance due to humanitarian crises, 
such as floods, famine, and political turmoil.  Malaria is an infectious disease caused by the Plasmodium 
sp. parasite, transmitted through the blood-feeding activities of female mosquitoes belonging to the 
Anopheles sp. species. More than forty species of Anopheles mosquitoes are recognized for their role in 
transmitting malaria to humans, including Anopheles stephensi, A. gambiae, A. coluzzii, and A. funestus 
[4,5].  
Anophelinae predominantly inhabits tropical areas, as warmer temperatures significantly enhance its 
survival and growth prospects [6]. Female organisms in a state of development lay their eggs in still water 
bodies, leading to the hatching of larvae thereafter. Following four distinct stages of growth referred to as 
instars, larvae experience metamorphosis, resulting in their transformation into pupae. Pupae represent a 
dormant stage where feeding stops, leading to the emergence of the adult mosquito from the water's 
surface after several days. In the adult stage, female mosquitoes acquire blood meals to facilitate egg 
production and may become infected with the malaria parasite if they feed on a host that carries the 
infection [7-9]. The life cycle of Plasmodium is intricate and requires the participation of two separate 
hosts to complete its development. Following human infection, the parasite enters the bloodstream and 
migrates to the liver, where it matures. The management of malaria is complex, influenced by the 
parasite's resistance to current pharmacological treatments, the mosquitoes' resilience to insecticides, 
and the environmental impacts associated with these insecticides. In light of these challenges, it is crucial 
to strengthen efforts in exploring innovative therapies, identifying pharmacological targets, improving 
vector control, and advancing more effective technologies for the implementation of these strategies. 
 
GREEN NANOTECHNOLOGY 
Nanotechnology involves the manipulation of matter at the atomic or molecular scale to produce new 
products and materials ranging from 1 to 100 nanometers in size. Nano systems can be classified into two 
categories: organic, originating from lipids or polymers frequently employed in the pharmaceutical 
industry, and inorganic, consisting of metals.  Nanosystems display differences in composition, fabrication 
techniques, and structural arrangement [10,11]. The primary methods for synthesizing nanoparticles 
(NPs) utilize expensive and toxic hydrogen [12]. To mitigate toxicity, numerous nanocarriers are 
presently being assessed for the production of these particles. A promising approach includes the use of 
plant extracts for biogenic synthesis. Nanotechnology finds broad application across multiple medical 
domains, such as wound healing [13], cancer therapy [14–16], dental practices [17], and the cosmetics 
industry [18].  
Plant extracts present a practical alternative owing to their cost-effectiveness, easy accessibility, and 
variety of choices [19]. Nanoparticles generated from plant extract exhibit appropriate dimensions and 
morphology, consistent with the characteristics of conventional nanoparticles. Furthermore, they 
demonstrate remarkable efficiency as a result of their capacity to produce a significant amount in a 
reduced synthesis timeframe. Additionally, employing plant extracts requires the implementation of a 
bottom-up approach for the synthesis of nanoparticles (NPs). This approach is characterized by the self-
assembly of atoms and molecules via chemical interactions, leading to a simpler and more efficient 
process [20]. Silver (Ag) is often employed in the synthesis of nanoparticles (NPs) because of its 
antibacterial and anti-inflammatory characteristics. Consequently, employing plant extracts for the 
synthesis of AgNPs can enhance these activities owing to the beneficial properties demonstrated by 
polyphenols [21]. Moreover, silver nanoparticles (Ag NPs) adversely affect aquatic organisms and are 
recognized as a pollutant. Nonetheless, the environmentally conscious production of these nanoparticles 
has the potential to reduce the detrimental impacts of silver by improving the stability of molecules and 
decreasing the aggregation of particles [22].  
Although the advantages of nano systems are significant, it is crucial to recognize some drawbacks, such 
as potential toxicity, the materials' insufficient biocompatibility, and the relatively high expense 
associated with acquiring these systems for the treatment of neglected diseases.  The environmentally 
friendly production of nanoparticles (NPs) entails the use of biological resources as capping agents to 
improve the shape, functionality, and stability of NPs [23]. Figure 1 illustrates the process of synthesizing 
nanoparticles through environmentally friendly methods. Capping agents consist of compounds 
characterized by a polar head and a non-polar tail, which gives them amphiphilic properties. The polar 
head group forms coordination interactions with the metal atoms found in nanocrystals that are 
produced during the agglomeration process. In the meantime, the tail region engages with the 
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surrounding environment. The selection of suitable reducing and capping agents is crucial in nanoparticle 
synthesis to ensure optimal effectiveness. The potential of bioactive chemicals present in plant-based 
products is often overlooked because of their degradation and volatilization in field conditions. A 
different strategy to address these drawbacks involves the creation of bioactive plant products through 
the utilization of polymers, plasticizers, stabilizers, and biodegradable antioxidants. A plant extract 
comprises a variety of metabolites and reductive biomolecules that play a crucial role in the reduction of 
metal ions. The components consist of terpenoids, flavones, ketones, aldehydes, amides, carboxylic acids, 
carbohydrates, proteins, and vitamins [24]. In the course of green synthesis, biocompounds attach to the 
surface of nanoparticles, resulting in the formation of a coating [25]. 
 

 
Figure 1: Schematic diagram for the biosynthesis of nanoparticle via a green route using plant 
extract. 
 
This extra layer improves the biological properties of green nanoparticles in comparison to those 
generated through other chemical reduction methods. The traditional green synthesis reaction involves 
the direct combination of a natural extract with a metal salt solution, serving as the precursor for 
nanoparticles [26]. In the last ten years, this method has garnered significant interest, especially 
concerning Ag and Au NPs, which are viewed as safer alternatives compared to other metallic NPs [27]. 
Metals including nickel (Ni), manganese (Mn), titanium (Ti), titanium trichloride (TiO2), palladium (Pd), 
cerium (Ce), platinum (Pt), and zinc oxide (ZnO) have been utilized in the creation of plant-derived 
nanoparticles (NPs) and the development of eco-friendly NPs [28-30]. 
 
MALARIA PREVENTION STRATEGIES 
The main strategies for addressing mosquito populations, which act as carriers, include Indoor Residual 
Spraying (IRS) and Insecticide-Treated Nets (ITNs) [31]. Insecticide-Treated Nets are the primary 
strategy employed to prevent diseases in sub-Saharan Africa. Although there has been an increase in the 
ownership and usage of ITNs, the overall availability at the population level has decreased since 2017. 
Additionally, the proportion of individuals protected by the IRS in countries experiencing widespread 
disease has decreased, falling from 5.5% in 2010 to 2.4% in 2021 [32]. The implementation of IRS (Indoor 
Residual Spraying) and ITNs (pesticide-Treated Nets) has effectively reduced the prevalence of malaria; 
however, these strategies face challenges stemming from limited home accessibility [33] and the 
emergence of pesticide resistance in mosquito populations [34]. The dominant main recommendation 
from the World Health Organization (WHO) emphasizes the utilization of long-lasting insecticidal nets 
(LLINs) that are solely composed of pyrethroids. Nonetheless, the efficacy of these nets has diminished as 
a result of the emergence of mosquito resistance to pyrethroids. Pyrethroids are man-made substances 
derived from pyrethrins, which are naturally occurring insecticides sourced from the flowers of the 
Pyrethrum plant. The development of pyrethroids was driven by the molecular instability observed in 
pyrethrins [35]. Pyrethroids increase the activation of sodium channels in insects, resulting in the 
disruption of nerve impulse transmission and the over-stimulation of nerve cells [36]. This outcome leads 
to paralysis in mosquitoes, a phenomenon also noted in nanoformulated plant extracts, which is explored 
in greater detail in this review. There is a conditional recommendation for additional synthetic pesticides, 
given the uncertainties surrounding their cost effectiveness and the absence of supporting evidence. 
Pesticides are acknowledged as hazardous to the environment [37]. The toxicity of these substances 
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poses significant risks to aquatic species and may adversely affect human development if exposure occurs 
during pregnancy, particularly through the disruption of hormone signaling. Currently, the World Health 
Organization (WHO) does not support the application of insecticide space-spraying due to the insufficient 
data on its impact on malaria and the short-lived nature of the chemicals used [38]. This analysis offers a 
succinct examination of the effects of various environmentally friendly alternatives to synthetic 
pesticides, emphasizing the role of nanotechnology in improving their efficacy (Table 1).  
The coils derived from Senna occidentalis and Ocimum basilicum demonstrated significant toxicity 
towards A. stephensi, leading to mortality rates of 38% and 52% respectively. The observed rates were 
similar to the 42% mortality rate caused by the pyrethrin-based control coil [39]. The use of Pteridium 
aquilinum AgNPs coils, synthesized from different plant parts, resulted in mortality rates comparable to 
those observed with pyrethrin-based coils [40]. Moreover, in both trials, the smoke from the plants was 
observed to diminish the transmission of parasites by lowering the percentage of mosquitoes that had 
taken a blood meal. The coils crafted from Ulva lactuca exhibited superior efficacy against A. stephensi, 
achieving a mortality rate of 66%, in contrast to the pyrethrin-based coil, which recorded a mortality rate 
of 41% [41]. Moreover, the application of the green nanotechnology strategy can significantly improve a 
biological approach to vector control. This occurs because most plant extracts can enhance the predatory 
behavior of non-target species during the early growth stages of the mosquito. For instance, the 
application of chitosan-synthesized silver nanoparticles (AgNPs) at a concentration of 1 ppm improved 
the predatory efficiency of Danio rerio fish on A. stephensi mosquito larvae [42]. The introduction of Citrus 
limon gold-palladium (Au-Pd) nanoparticles did not adversely impact the predatory behavior of flying 
insects. Indeed, the predatory behavior of these insects intensified over time [43]. Furthermore, the 
application of Lagenaria siceraria zinc oxide (ZnO) nanoparticles led to an enhancement in the predation 
efficacy of P. reticulata, rising from 45.8% in the aqueous extract to 61.13% [44]. 
Furthermore, the application of Cymbopogon citratus Au NPs enhanced the predation efficiency of 
Mesocyclops aspericornis on A. stephensi, leading to an increase from 26.8% to 45.6% [45]. The increased 
efficiency of predation can be linked to the diminished mobility of larvae, which are typically nimble, after 
being exposed to the green-synthesized nanoparticles [46]. Furthermore, silver nanoparticles synthesized 
from Ichnocarpus frutescens [47], Rubus ellipticus [48], Naregamia alata [49], and Hugonia mystax [50] 
exhibited low toxicity levels towards non-target aquatic organisms, such as G. affinis, Diplonychus indicus, 
and Anisops bouvieri. Silver nanoparticles (AgNPs) synthesized from Solanum xanthocarpum [51] and 
titanium dioxide nanoparticles (TiO2 NPs) derived from Momordica charantia leaf extract [52] 
demonstrated no toxicity to P. reticulata at doses lethal to mosquitoes. Specifying the selection of material 
used for synthesizing NPs is crucial, given the observed toxicity of CdS to non-target aquatic species [53]. 
These organisms feed on regions where mosquitoes proliferate, making it essential to develop pesticides 
that specifically affect the intended species to maintain ecological equilibrium. An assessment was 
conducted on the toxicity of Malva sylvestris silver nanoparticles (AgNPs) towards D. indicus and G. affinis. 
The investigation revealed that exposure to NPs had no impact on the lifespan and swimming behaviors 
of the organisms. Nonetheless, the suitability index revealed that the treatment with NPs exhibited a 
greater degree of toxicity on the mosquito larvae in comparison to other organisms [54]. The 
investigations discussed align with the recently established preferred product characteristics for vector-
control agents as specified by the World Health Organization. The aim of PPCs was to promote the 
investigation and development of novel strategies for managing Anopheles mosquitoes. These methods 
must take into account various elements, including the management of transmission in both indoor and 
outdoor settings, enhancing current treatments, and prioritizing safety for both humans and the 
environment [55]. Green-synthesized nanotechnology fulfills most of the necessary criteria, positioning it 
as a strong candidate in the fight against malaria.  
 
ANTIMALARIAL EFFECTS OF GREEN NPs 
Numerous studies have evaluated the effectiveness of plant extracts in addressing malaria by focusing on 
parasite elimination and vector management. The principal criteria assessed in vector population 
management included the death rates of larvae, pupae, and adult mosquitoes, alongside the inhibition of 
oviposition and the viability of produced eggs. Figure 2 depicts the principal effects of green-synthesized 
nanoparticles on mosquitoes and parasites. A eucalyptus nanoemulsion demonstrated larvicidal efficacy 
against A. stephensi in laboratory and semi-field conditions. The breeding sites treated with the 
nanoemulsion demonstrated a continuously low larval density throughout duration of 6 days. In contrast 
to the breeding sites treated with standard eucalyptus oil, which exhibited a rise in larvae within merely 
two days [56]. Leaf extract of Aristolochia indica-derived silver nanoparticles (AgNPs) demonstrated 
toxicity against A. stephensi larvae and pupae under controlled laboratory conditions, with a fatal 
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concentration (LC50) between 3.94 and 15.65 parts per million (ppm). Field tests demonstrated that both 
the crude extract and nanoparticles displayed similar larvicidal activity, achieving around 50% larval 
mortality within 24 hours and 100% mortality within 72 hours [57].  The larvae of A. stephensi were 
demonstrated to be detrimental when subjected to nanoemulsion and nanogel formulations of Artemisia 
dracunculus essential oil. The nanogel formulation had more toxicity than the nanoemulsion, as indicated 
by LC50 values of 6.6 and 13.5 μg/mL, respectively [58]. Nano liposomes containing A. dracunculus 
essential oil exhibited a more significant larvicidal effect against A. stephensi mosquitoes than other 
Artemisia species, specifically A. annua and A. sieberi, while all three species displayed toxicity towards 
the larvae. The nano liposomes of A. dracunculus essential oil caused 100% mortality at concentrations of 
50, 100, and 200 μg/mL. Conversely, A. annua attained an equivalent death rate alone at a concentration 
of 200 μg/mL, whilst A. sieberi induced a mortality rate of 77% [59]. The essential oil nanoemulsion of 
Acroptilon repens had restricted efficacy in eliminating A. stephensi larvae, with LC50 and LC90 values of 7 
and 35 ppm, respectively. The bimetallic AuPd nanoparticles derived from C. limon shown considerable 
larvicidal efficacy against A. stephensi. The research additionally investigated the death rates of A. aegypti 
larvae and determined that they were lower in comparison to A. stephensi. A mortality rate of 100% was 
observed in the first larvae of A. stephensi, although A. aegypti did not demonstrate a comparable 
mortality rate. A. cordifolia AgNPs demonstrated heightened toxicity towards A. stephensi larvae relative 
to other mosquito species [60].  
 

 
Figure 2: Action mechanisms of phytochemicals in plant extracts and plant-derived nanoparticles.  
 
The LC50 values of Annona squamosa AgNPs were higher for A. stephensi than for A. aegypti and C. 
quinquefasciatus [61]. Titanium dioxide nanoparticles derived from Mangifera indica demonstrated 
significant efficacy in managing Aedes subpictus larvae. Larvae exposed to TiO2 nanoparticles at a minimal 
concentration of 5 mg/L exhibited a higher mortality rate than those exposed to TiO(OH) solution (TiO2 
NPs: 37%; TiO(OH): 11%). The TiO2 nanoparticles demonstrated the maximum mortality rate at a 
concentration of 25 mg/L, whereas the TiO(OH) solution revealed a mortality rate of 89% at the same 
concentration [62]. The silver nanoparticles (AgNPs) produced by I. frutescens demonstrated a 
detrimental impact on the larvae of A. subpictus, which was contingent upon the dosage administered. The 
NPs attained a peak death rate of 100% at a concentration of 35 μg/mL, whereas the crude extract 
exhibited a mortality rate of 99.2% at 450 μg/mL [63]. The use of plant-based therapies in water 
reservoirs led to the total eradication of the larval population within 72 hours of exposure [64]. Silver 
nanoparticles produced from R. ellipticus demonstrated deadly effects on eggs (LC50: 60 μg/mL) and 
adults (LD50: 21.10 μg/mL), and blocked 89% of oviposition at a concentration of 60 ppm [65]. Moreover, 
researchers extracted essential oil from C. deodara and encapsulated it within pectin nanocapsules. They 
subsequently subjected cotton-bag fibers to this aqueous solution containing A. culicifacies third instar 
larvae. After five days, the larval population diminished by 90%, and after 28 days, it decreased by 98% 
[66].  



 
 
       

ABR Vol 16 [4] July 2025                                                                    352 | P a g e                             © 2025 Author 

Mimusops elengi AgNP has demonstrated toxicity to mosquito larvae, pupae, and adult mosquitoes, even 
at minimal concentrations. It is notable that the application of minimal quantities of green-synthesized 
silver nanoparticles (AgNPs) resulted in a reduction of mosquito larvae movement, thereby improving the 
efficacy of natural mosquito predators like mosquito fish [67]. The leaf extract of Datura metell, 
containing alkaloids and atropine, is employed for therapeutic purposes [68]. Furthermore, the extract of 
Aloe vera [159] exhibited acute toxicity towards the larvae and pupae of A. stephensi, while 
simultaneously enhancing predation on larval populations. In practical scenarios, the use of A. vera AgNP 
led to a notable reduction of 97.7% in the larvae population within 72 hours [69]. Annona muricata 
extract exhibits a range of activities, such as antiviral, anticancer, antifungal, and particularly larvicidal 
effects. The silver nanoparticles (AgNPs) obtained from A. muricata demonstrated toxicity towards third 
instar larvae of A. stephensi, with LC50 and LC90 values recorded at 15.28 and 31.91 μg mL−1 [70]. 
Moreover, Chrysanthemum indicum, a flower rich in pyrethrin, is recognized for its effectiveness in 
exterminating insects by impacting the integrity of cell membranes. This results in damage to both the 
lipid and aqueous components of the gill membrane. Notably, silver nanoparticles generated from C. 
indicum demonstrated remarkable mortality rates when evaluated against the larvae and pupae of A. 
stephensi [71]. Preventing hemozoin production is crucial in the pursuit of novel antimalarial therapies. 
Recent studies provide compelling evidence that green nanoparticles could be effectively employed in the 
fight against malaria. 
 
PLANT EXTRACTS AND GREEN NPs ACTION MECHANISMS 
The mechanisms of NP activity remain ambiguous, with existing research confined to the morphological, 
molecular, biochemical, and physiological aspects of mosquitoes [72]. Table 1 defines the effects of plant 
extracts across various levels, together with the associated type and size of the nanoparticles. The 
elevated mortality rates caused by NPs in mosquito larvae can be attributed to the diminutive size of the 
particles, allowing them to traverse the respiratory tubes and/or insect cuticle, infiltrating cells where 
they disrupt molting and other physiological functions [73].   
 

Table 1: Larvicidal activity of green nanoparticles 
Plant extract Plant Use Type of NPs Effects Size of NPs Ref. 
Arachis hypogaea 
peel 

Cattle food AgNPs Larvicidal and 
impact 
on larvae 
morphology 

20–50 nm  
(TEM) 

[74] 

Solanum 
xanthocarpum leaf 

Anti-cancer, antioxidant, 
anti-HIV, antibacterial, 
and insecticidal 

AgNPs Larvicidal and 
biocompatible with 
non-target 
organisms 

10–20 nm  
(TEM) 

[75] 

Malva sylvestris leaf Antioxidant, 
anti–inflammatory, and 
antimicrobial 

AgNPs Larvicidal and 
biocompatible with 
non-target 
organisms 

10–25 nm  
(TEM) 

[76] 

Ulva lactuca Antioxidant, 
antibacterial, and 
antiviral 

AgNPs Larvicidal, 
pupicidal, 
antiplasmodial, and 
repellent smoke 

20–35 nm 
(SEM) 

[77] 

Eclipta prostrata leaf Lipidemia and 
snake-venom poisoning 

Pd NPs Antiplasmodial and 
cytotoxic 

18–64 nm 
(TEM) 

[78] 

Citrus limon leaf Natural pesticide, insect 
repellent, and 
antimicrobial 

Au-Pd NPs Larvicidal and 
predation 
booster 

15–18.5 nm 
(TEM) 

[79] 

Eucalyptus globulus 
oil 

Natural pesticide Nanoemulsion Larvicidal in 
laboratory 
and semi-field 

22–40 nm 
(TEM) 

[80] 

Mangifera indica leaf Antioxidant and 
antibacterial 

TiO2 NPs Larvicidal and 
acaricidal 

30 nm 
(TEM) 

[81] 

Vitex negundo leaf Bactericidal, diabetes, 
inflammation 
 

ZnO NPs Larvicidal, 
pupicidal, 
antioxidant,  
and photocatalytic 

28–42 nm 
(TEM) 

[82] 

Vitex negundo leaf Antimicrobial, 
anti–inflammatory, 

ZnO NPs Larvicidal and 
antioxidant 

28.48–
42.14 nm 

[83] 
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diabetes, cytotoxic, and 
larvicidal 

(TEM) 

Momordica charantia 
leaf 

Antidiabetic, antiviral, 
 

ZnO NPs Larvicidal and 
acaricidal 
 

21.32 nm 
(SEM) 

[84] 

 
Upon breaching the exoskeleton, the Ag NPs influence the intracellular environment, directly interacting 
with proteins or DNA and inducing genotoxic consequences. The reduction of antioxidants triggers 
oxidative stress, the oxidative degradation of Ag NPs, and mitochondrial disruption [85]. It can also cause 
apoptosis by activating procaspase-3, down regulating the pro-survival protein Bcl-2, enhancing the 
production of pro-apoptotic gene products, and releasing cytochrome c into the cytosol [86]. The toxicity 
of nanoparticles is closely associated with their tendency to collect in different organs. Upon entering the 
bloodstream, nanoparticles demonstrate the ability to disseminate throughout the body, collecting in 
organs like the liver, spleen, lungs, and kidneys. The distribution of nanoparticles within the body is 
predominantly determined by their surface area-to-volume ratio, which influences their propensity to 
collect in specific tissues and organs [87]. The mechanisms by which nanoparticles (NPs) induce toxicity 
in organs involve numerous key components, including the generation of reactive oxygen species (ROS), 
DNA damage, alterations in protein structures and functions, and the disruption of membrane integrity. 
Significantly, the properties of nanoparticles that appear to augment these mechanisms include their 
extensive surface areas, which facilitate molecular interactions at designated target regions [88]. Toxicity 
extends beyond the target species to encompass the environment, particularly in the management of 
vectors under field settings. Nanoparticles discharged into aquatic environments impact organisms, 
leading to documented instances of blood acidity, circulatory failure, bioaccumulation, hepatotoxicity, 
oxidative stress, and impaired embryonic development. Nevertheless, similar effects were noted at 
heightened doses [89], in contrast to the modest quantities employed in nanoparticles. The drawback of 
inorganic nanoparticles is the toxicity of metal ions to the environment, underscoring the necessity for an 
environmentally sustainable and contemporary solution. Consequently, nanoparticles produced from 
biomolecules serve as a pertinent instrument in combating malaria while exerting low environmental 
influence. As the Figure 2 illustrates the effects and potential action mechanisms, hence authors propose 
that the toxicity of green nanoparticles may be attributed to the established effects of phytochemicals 
[90]. These compounds are acknowledged for their larvicidal and mosquitocidal attributes, influencing 
the mosquito nervous system by either overstimulation or inhibition. This neuro-modulation leads to 
noticeable behavioral alterations, including less swimming and increased restlessness in larvae. 
Nanoparticles of optimum size seamlessly traverse the membranes of mosquitoes. Their mode of action 
entails interactions with DNA, leading to increased apoptosis and oxidative stress in the target species. 
Significantly, when utilized in field or semi-field situations, these nanoparticles create an oily coating, a 
characteristic associated with decreased water oxygenation. Moreover, both phytochemicals and green 
nanoparticles affect parameters including the attractiveness of female mosquitoes to breeding locations, 
which are directed by olfactory signals influenced by water quality [91-93]. The effects of green-
synthesized nanoparticles may be attributed to the established properties of biomolecules found in plant 
extracts. 
 
FUTURE PERSPECTIVES 
The lack of evidence regarding the mechanism of action of the plant extracts presents a significant issue 
in this review. The complex chemical composition of plants can hinder the evolution of resistance because 
of the diverse range of toxic compounds found in various plant species. The authors firmly advocate for 
comprehensive studies regarding the enduring presence of green nanoparticles, their potential adverse 
effects, the feasibility of large-scale production, and their practical applications. The extensive life cycle of 
the Plasmodium parasite, which necessitates both human and mosquito hosts, exacerbates treatment and 
prevention challenges [80]. The parasite experiences various developmental stages, each possessing 
distinct biological traits, complicating efforts to target numerous phases of its life cycle.  
The antigenic variety and immune evasion mechanisms of Plasmodium complicate the development of 
universally effective treatments [94]. The biological obstacles are exacerbated by inadequate health 
infrastructure in numerous malaria-endemic areas, especially in sub-Saharan Africa and Southeast Asia. 
Insufficient health infrastructure hampers the provision of effective malaria treatment and prevention, 
characterized by restricted healthcare access, a shortage of trained medical professionals, and inadequate 
supply chains for medications and diagnostics, which present considerable obstacles to malaria control 
initiatives. Emerging challenges, including climate change, urbanization, and alterations in land use 
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patterns, are modifying the distribution and behavior of malaria vectors, potentially resulting in the 
establishment of malaria in novel regions [95]. These environmental alterations may hinder current 
malaria control initiatives and require novel tactics to address evolving epidemiological trends.  
To tackle these obstacles, the future of malaria treatment must concentrate on several critical domains. 
Creating novel antimalarial pharmaceuticals with distinct mechanisms of action is essential to address 
medication resistance. Research is currently underway to identify lead compounds capable of 
circumventing resistance and targeting various stages in the life cycle of parasites [96,97]. Combination 
therapy using novel pharmaceuticals may be crucial in preventing the emergence of resistance. Next-
generation vaccinations that enhance efficacy, durability, and coverage are essential.  Investigated 
strategies encompass multi-antigen vaccines aimed at different stages of the parasite life cycle and 
vaccinations designed to provoke enhanced cellular and humoral immune responses [98]. Promising 
candidates such as R21/Matrix-M are currently undergoing clinical studies and may demonstrate 
superior efficacy relative to existing vaccinations.  
Ultimately, sustained worldwide collaboration and funding are essential for the advancement of malaria 
treatment. Collaborations among governments, international organizations, academic institutions, and 
the commercial sector are crucial. Enhanced financial support for research and development, along with 
the implementation of novel interventions, would be essential to attain the objective of malaria 
eradication. By tackling these problems and pursuing these future paths, substantial advancements can 
be achieved in the battle against malaria, ultimately alleviating the burden of this dreadful illness. 
 
CONCLUSIONS 
While the existing literature provides a comprehensive overview of this subject, additional discussions 
are necessary to investigate the importance of green-synthesized nanoparticles in malaria prevention and 
their impact on the vector. A multitude of studies has undoubtedly explored its potential in treatment; 
however, additional investigation into its role in vector prevention is essential. This paper primarily 
focused on conducting a comprehensive evaluation of nanoparticles that have been synthesized in the 
past, which may be effective in decreasing the transmission of malaria. By tackling this research gap, we 
aim to offer valuable insights into malaria prevention. Nanotechnology stands as a leading area of 
exploration in the domains of drug delivery and the development of groundbreaking tools. The process of 
nanoformulating molecules enables the utilization of smaller amounts relative to bulk chemicals, leading 
to reduced toxicity levels. The properties and substances associated with nanotechnology are an essential 
topic of discussion because of their potential impact on the biological effects and behavior of 
nanoparticles. The limitations associated with inorganic nanoparticles (NPs) have led to a significant 
body of scientific literature focusing on the biogenic synthesis of NPs. There has been considerable 
investigation into the application of plant extracts for the synthesis of inorganic nanoparticles that exhibit 
potent effects against the malaria vector and parasite. The synthesis of nanoparticles through the use of 
plant polyphenols amplifies the effects of metallic nanoparticles, leading to a detrimental impact on every 
stage of the mosquito vector's development. This is clearly demonstrated by the mortality rates in larvae, 
a reduction in egg-laying, alterations in feeding behavior, and modifications in both morphology and 
behavior. Moreover, nanoparticles synthesized from plant extracts exhibit antiplasmodial properties by 
hindering the growth of parasites. Furthermore, when choosing strategies to address malaria, it is crucial 
to take into account aspects like fair accessibility, sustainability over time, and the effects on human 
health. 
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