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Abstract
Mosquito vectors such as Aedes spp. are responsible for the transmission of arboviruses that have a major impact on public health.
Therefore, it is necessary to search for ways to control these insects, avoiding the use of conventional chemical insecticides that are
proven to be toxic to nature. In the last years, there has been growing evidence for the potential of silver nanoparticles (AgNPs) to
be ecologically benign alternatives to the commercially available chemical insecticides against vector-borne diseases. Natural
seaweed extracts contain metabolites such as polyphenols, terpenoids, and alkaloids. These compounds act as reducing agents and
stabilizers to synthesize biogenic AgNPs. The green synthesis of AgNPs has advantages over other methods, such as low cost and
sustainable biosynthesis. In the perspective of using AgNPs in the development of novel insecticides for vector control, this review
deals with the eco-friendly synthesis of AgNPs through seaweed extracts as reducing and stabilizing agents. In addition, assess-
ment of toxicity of these nanomaterials in non-target species is discussed.
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Introduction
Arboviroses are diseases caused by the pathogens transmitted
by arthropods, and their transmission to humans occurs through
the bite of hematophagous arthropods. Mosquitoes are the most
important vectors of arboviroses [1], although many are main-
tained by ticks [2], phlebotomines [3], and other arthropods [4].
Arboviroses represent a major public health concern in tropical
and sub-tropical regions of the world [5]. Aedes aegypti
(Stegomyia) Linnaeus (1762) (Diptera: Culicidae), known as
the dengue mosquito, is a vector of important arboviroses, in-
cluding Dengue, Zika, Chikungunya, and Yellow Fever [6].

Since there are no specific antiviral treatments for arboviruses
and the endemicity of these diseases is determined by the pres-
ence of the vector, approaches for the control of arthropod-
borne diseases involve strategies focused on the vector. These
may include the application of synthetic insecticides or the
implementation of treatments targeted at patients [7,8]. An
emerging strategy for controlling arboviral vectors are nanoma-
terials or nanomaterial-based formulations as so-called nanopes-
ticides, providing new, modern, and low-cost formulations
[9,10] with the ability to penetrate through the exoskeleton into
mosquito cells, causing mortality after binding to proteins or
DNA [11]. Nanomaterials provide characteristics such as
greater absorption capacity, greater bioavailability, controlled
release of active ingredients, improved solubility of hydro-
phobic substances in water, and good kinetic stability [12-14].

Metallic nanoparticles have been investigated as a promising
approach for vector control. The chemical reduction of metal
ions through biological compounds can be used to synthesize
non-toxic and environmentally safe “green” insecticide alterna-
tives in the form of metal-based nanoparticles [15]. A promis-
ing option are silver nanoparticles (AgNPs) obtained through
synthesis from natural extracts containing secondary metabo-
lites that act as reducing and stabilizing agents. Among these
metabolites, alkanes, aromatics, phenols, ethers, amines, and
amides stand out for their role in the reduction, stabilization,
and capping of silver nanoparticles [11,16-19]. Compounds of
natural origin are generally preferred in vector control because
of a less deleterious effect on non-target organisms and their
inherent biodegradability. The development of sustainable pest
control tools is a challenge for researchers and public health
authorities [20]. Seaweed extracts are composed of bioactive
agents such as phenols, ascorbic acid, flavonoids, polypheno-
lics, alkaloids, and terpenes, which could act as reducing agents
[21].

This review focuses on AgNPs produced in a green and sustain-
able way through the use of natural products as reducing agents,
namely seaweed extracts. The activity of AgNPs upon

A. aegypti and their potential role for the control and preven-
tion of arboviruses are presented. Finally, ecotoxicity and envi-
ronmental risk assessment of AgNPs are further discussed.

Review
Synthesis of silver nanoparticles
AgNPs are metallic nanoparticles in a size range between 1 and
100 nm with unique electrical, optical, and magnetic properties
for a wide range of applications [22,23]. They can be synthe-
sized by different procedures based on “top-down” or “bottom-
up” approaches [24] (Figure 1). Top-down synthesized silver
nanoparticles can be obtained by lithography, attrition, milling,
and other processes that involve reducing the size of bulk silver
materials to the atomic size of the AgNPs [25]. Bottom-up
AgNPs are synthesized via precursor salt reactions that lead to
the formation of AgNPs [26] including condensation, precipita-
tion, and pyrolysis [27].

AgNPs can be synthesized using physical, chemical, or biologi-
cal methods [28]. Chemical AgNPs synthesis can require toxic
substances such as polyvinylpyrrolidone, polyvinyl alcohol, and
polyacrylonitrile as stabilizing agents and sodium borohydride,
hydrazine, and hydroxylamine as reducing agents [29]. These
may generate more toxic chemical residues in the environment
[30]. Physical methods include laser ablation, UV irradiation,
evaporation condensation, aerosol methods, and lithography.
High cost, high energy consumption, and expensive equipment
make these techniques uneconomical [31].

Because of these disadvantages, synthesis methods based on
naturally occurring biomaterials have been used as an alterna-
tive to obtain metallic nanoparticles [32,33]. These do not
involve any toxic chemicals and require less energy and synthe-
sis time. Simple protocols have been used involving the reduc-
tion of metal ions using biological extracts as reducing agent
[34]. In this way, the green synthesis of nanoparticles has
expanded in nanoscience and nanotechnology [35].

Synthesis of silver nanoparticles using algae
Green nanoparticle synthesis is the design and development of
strategies for the production of nanoparticles to reduce the use
or formation of substances harmful to human health and the
environment [36,37]. It has many advantages compared to
chemical and physical methods, that is, it is non-toxic, pollu-
tion-free, ecological and economical, and more sustainable
[38,39]. There is a variety of natural resources for the green
synthesis of silver nanoparticles (yeasts, plants, fungi, algae,
and bacteria), which are capable of reducing inorganic metal
ions to metallic nanoparticles quickly [40,41]. Among these,
algae have been highlighted because of their immense bioac-
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Figure 1: “Top-down” and “Bottom-up” approaches for synthesis of silver nanoparticles. Created in BioRender. Rocha Formiga, F. (2024) https://
BioRender.com/a60t035. This content is not subject to CC BY 4.0.

tive potential of compounds such as accessory pigments, pro-
teins, sulfated polysaccharides and other biomolecules. The
latter include flavonoids, alkaloids, steroids, phenols, and
saponins with hydroxy, carboxyl, and amino functional groups,
which are effective agents in metal reduction and also provide a
robust coating on the metallic nanoparticles in a single step [42-
46].

These bioactive compounds associated with metallic nanoparti-
cles increase the specific delivery of drugs to the target and,
thus, reduce the required amount of active compounds [47]. In
addition, the control of particle size and morphology is essen-
tial for applications in biotechnology, and the biological
approach has the ability to better control the particle size
than chemical and physical synthesis methods of metallic NPs
[48,49]. Thus, different species of algae have been used in
the green synthesis of silver nanoparticles. In this review,
species of brown algae (Sargassum polycystum, Sargassum
natans, Padina gymnospora), red algae (Hypnea musciformis,
Centroceras clavulatum, Amphiroa rígida, Gracilaria firma),

blue algae (Oscillatoria sancta), and green algae (Ulva lactuta)
are reported as biomass for the green synthesis of AgNPs
(Table 1).

Murugan and collaborators, in their study on the development
of silver nanoparticles from aqueous extracts of C. clavulatum
leaves, assessed that silver ions were reduced to form AgNPs.
They indicated that the functional groups potentially involved in
the reduction of silver ions were the amide and carbonyl groups
of terpenoids and flavonoids [50].

Vinoth and colleagues also prepared AgNPs using brown
seaweed, that is, the seaweed S. polycystum [51]. Initially, the
authors prepared an aqueous extract (50 g of seaweed/500 mL
H2O) via boiling for 30 min followed by cooling and filtration.
The NPs were prepared from 10 mL of the aqueous extract
filtrate with 90 mL of AgNO3 (1 mM). To increase the yield of
silver nanoparticles, the sample was placed under magnetic stir-
ring varying the heating temperatures (37–80 °C). The forma-
tion of NPs was verified from the color change in the solution to

https://BioRender.com/a60t035
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Table 1: Data from studies on the green synthesis of silver nanoparticles.

Algae extract Synthesis conditions Particle characteristics Reference

aqueous extract of
Sargassum polycystum

AgNO3 concentration – 1 mM
reaction period – 3 h
reaction temperature – 37–80 °C

SPRa – 418 nm
size – 20–88 nm
shape – cubical

[51]

ethanol extract of
Hypnea musciformis

AgNO3 concentration – 1 mM
reaction period – 120 min
reaction temperature – room temperature

SPRa – 420 nm
size – 40–65 nm
shape – spherical

[52]

ethyl alcohol extract of
Sargassum natans

AgNO3 concentration – 100 mM
reaction period – 24 h
reaction temperature – room temperature

SPRa – 340 nm
size – 50 nm
shape – NDb

[53]

aqueous extract of
Centroceras clavulatum

AgNO3 concentration – 1 mM
reaction period – NDb

reaction temperature – room temperature

SPRa – 410 nm
size – 35–65 nm
shape – spherical and cubic

[50]

aqueous extract of
Amphiroa rigida

AgNO3 concentration – 1 mM
reaction period – 30 min
reaction temperature – 37 °C

SPRa – 420 nm
size – 20–30 nm
shape – spherical

[54]

aqueous extract of
Oscillatoria sancta

AgNO3 concentration – 1 mM
reaction period – 60 min
reaction temperature – 28 °C

SPRa – 450 nm
size – 25–50 nm
shape – cubical and hexagonal

[55]

aqueous extract of
Gracilaria firma

AgNO3 concentration – 1 mM
reaction period – NDb

reaction temperature – room temperature

SPRa – 440 nm
size – 12–200 nm
shape – spherical

[32]

aqueous extract of
Ulva lactuca

AgNO3 concentration – 1 mM
reaction period – NDb

reaction temperature – NDb

SPRa – 453 nm
size – 20–50 nm
shape – NDb

[56]

aSPR: surface plasmon resonance; bND: not defined.

reddish brown. The possible chemical compounds evaluated as
potential reducing agents in the biosynthesis of AgNPs were the
secondary amines, aromatic primary amines, carboxylates,
amides, alkenes, and aromatic compounds.

Roni and collaborators prepared AgNPs from red algae [52]. An
aqueous extract of H. musciformis was obtained (10 g of
seaweed leaves/100 mL of purified water) by heating the mix-
ture for 5 min and decanting for 1 h. After this process, the mix-
ture was filtered and stored for 5 days at 15 °C. Finally, the
filtered solution was treated with an aqueous solution of AgNO3
(1 mM) and incubated at room temperature. The chemical com-
pounds found were amino acid residues, aromatic rings,
geminal methyls, ether linkages, flavones, terpenoids, aliphatic
amines, and alcohols/phenols.

AgNPs were synthesized from an extract of the brown alga
S. natans [53]. The extract was obtained via hot Soxhlet extrac-
tion of crushed leaves (40 °C) using ethanol, concentrated in a
rotary vacuum evaporator, and finally stored at refrigerator tem-
perature. A hydroalcoholic extract was produced by adding
1 mL of S. natans extract to 99 mL of purified water and
0.5 mL of Triton®. This extract was treated with AgNO3
(100 mM; 99:1) and conditioned at room temperature until the
color changed to brown, indicative of the formation of AgNPs.

Chemical analysis of the AgNPs demonstrated the presence of
alcoholic compounds, phenolic compounds, aliphatic com-
pounds, and carbonyl groups.

Green algae were also used to obtain AgNPs. Aziz et al., syn-
thesized AgNPs from U. lactuca extract [56]. Initially, 10 g of
the extract powder was extracted using a Soxhlet extractor
(ethanol, 78 °C for 8 h) and concentrated in a rotary vacuum
evaporator (40 °C). 100 mL of the extract was treated with
AgNO3 solution (1 mM), showing the formation of NPs by the
yellowish color. The authors did not report on the proportion
volume ratio between extract and AgNO3 solution, nor the used
part of the alga under study.

The red seaweed G. firma was used for the green synthesis of
AgNPs [32]. The extract was prepared from ground seaweed.
10 g of the powder was added to purified water (100 mL) under
boiling for 5 min. The filtrate was treated with aqueous AgNO3
solution (1 mM; the ratio of aqueous solution to AgNO3 solu-
tion was not mentioned) and incubated at room temperature.
Finally, a yellowish-brown solution was observed, indicating
the formation of AgNPs. Chemical analysis of the AgNPs
demonstrated the presence of carbonyl groups from polyphe-
nols such as catechin gallate, epicatechin gallate, epigallocate-
chin, epigallocatechin gallate, gallocatechin gallate, and flavin,
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Figure 2: Green synthesis of silver nanoparticles (AgNPs) by seaweeds extracts. Created in BioRender. Rocha Formiga, F. (2024) https://
BioRender.com/q62f029. This content is not subject to CC BY 4.0.

amide groups, ethylene systems, and aliphatic amines/alcohols/
phenols (polyphenols).

Gopu et al. also synthesized AgNPs from red algae [54].
A. rigida seaweed extract was prepared by adding pulverized
seaweed (10 g) to 500 mL of purified water. The mixture was
heated to a temperature of 80 °C under magnetic stirring for
20 min. Finally, the extract was filtered and centrifuged
(12298g for 10 min). The NPs were obtained by mixing 10 mL
of the extract supernatant with 90 mL of AgNO3 solution
(1 mM) at a temperature of 37 °C, until a color change from
colorless to reddish brown was observed. The chemical analy-
sis of AgNPs demonstrated the presence of phenolic com-
pounds, ether groups, and polysaccharides.

Also, blue algae were used to obtain silver nanoparticles.
Elumalai et al. synthesized AgNPs from the aqueous extract of
O. sancta [55]. A mixture of crushed seaweed (8 g) with puri-
fied water (100 mL) was heated to 60 °C for 20 min. The mix-
ture was filtered to obtain the final extract, which was treated
with AgNO3 (1 mM; 15:85 ratio) and incubated at 28 °C for
60 min.

Composition of algae species, metal concentration, agitation,
reaction time and temperature can impact the characteristics of
AgNPs [57]. Thus, such systems must be well characterized, as

discussed in the next section. Different chemical compounds are
involved in the reduction of AgNO3 and the stabilization of
AgNPs. Chemical analysis of AgNPs demonstrated the pres-
ence of alcohols, phenols, alkynes, aromatic compounds, long-
chain fatty acids, secondary amides, and terpenoids. The pre-
dominance of phenolic compounds was evident in all species.
These compounds act by reducing Ag+ ions to Ag0 and stabi-
lize nanoparticles by capping [58] (Figure 2).

Larvicidal activity of AgNPs against
Aedes aegypti
Aedes aegypti, also known as the dengue mosquito, is a vector
of important arboviruses, including Dengue, Zika, Chikun-
gunya and Yellow Fever [6,59]. Among them, dengue fever is
highlighted as this disease is endemic in more than 100 coun-
tries, proving to be an important public health problem. Its inci-
dence has grown dramatically worldwide in recent decades,
with cases reported to the WHO rising from 505,430 in 2000 to
5.2 million in 2019 [60]. Additionally, it is predicted that about
60 percent of the global population will be at risk of dengue in
2080 [61].

Therefore, it is imperative to developed more advanced and
efficient strategies for the control of mosquitoes and mosquito-
borne diseases. Increased attention has been placed on using
nanoparticles in controlling vector mosquitoes [62]. AgNPs

https://BioRender.com/q62f029
https://BioRender.com/q62f029
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Table 2: Larvicidal activity of silver nanoparticles synthesized from seaweed against Aedes aegypti.

Algae Exposure period (h) Larval stage LC50
a (µg/mL) LC90

b (µg/mL) References

Sargassum polycystum 24
48
72

L4 0.30
0.06
0.03

85.81
12.74
1.98

[51]

Hypnea musciformis 24 L1–L3 NDc NDc [52]
Sargassum natans NDc L4 16.47 310.76 [53]
Centroceras clavulatum NDc L1–L4 21.460, 29.155 46.103–58.39 [50]
Amphiroa rigida 24 L3–L4 NDc NDc [54]
Oscillatoria sancta 24 L4 3.98 8.90 [55]
Gracilaria firma 24

48
72

NDc NDc NDc [32]

Ulva lactura NDc L4 80.51 226.9 [56]
aLethal concentration responsible for the mortality of 50% of individuals; blethal concentration responsible for the mortality of 90%; cnot defined.

Figure 3: Potential of silver nanoparticles to be used in vector control against Aedes aegypti, according to [63]. Created in BioRender. Rocha
Formiga, F. (2024) https://BioRender.com/y89s911. This content is not subject to CC BY 4.0.

synthesized from seaweed have been investigated as a vector
control strategy based on their larvicidal properties. Table 2
summarizes data from bioassays with AgNPs synthesized from
different species of seaweed against A. aegypti larvae. The
mechanism of toxicity of AgNPs in mosquito larvae has
recently been reported (Figure 3).

The small size of AgNPs is linked to two pathways of action.
First, AgNPs can pass through the insect cuticle and penetrate
individual cells. The second way is the ingestion of AgNPs by
larvae through their generalist eating habits. For both pathways,
damage to the midgut, epithelial cells, and cortex in mosquito
larvae can be observed, resulting in physiological changes such

https://BioRender.com/y89s911
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as shrinkage in the abdominal region, change in the shape of the
thorax and loss of lateral hairs, oral brushes, and anal gills.
These processes lead to oxidation and degradation of enzymes
and organelles in the intracellular space of cells, affecting cellu-
lar physiological processes, leading to large-scale apoptosis
and, consequently, larval death.

Vinoth, et al. [51] evaluated the larvicidal activity of AgNPs
from S. polycystum seaweed extract against A. aegypti larvae.
The L4 larvae were treated with 1 mL of NPs in 249 mL of
distilled water. An increasing mortality was observed after
periods of 24, 48, and 72 h, yielding the lowest LC50 value after
a period of 72 h (Table 2). The response of the free extract
against the larvae was not evaluated by the authors.

Similar results were observed in AgNPs developed by Roni
and collaborators [52]. The authors evaluated the larvicidal
activity after 24 h of exposure (25 larvae per 250 mL water)
at different larval stages (L1–L4) of both the extract of
H. musciformis (100–500 µg/mL) and the synthesized nanopar-
ticles (10–50 µg/mL). The extract presented LC50 values ten
times higher than the LC50 of NPs under the same conditions,
showing the enhancement of larvicidal activity.

Another study presented data that corroborates the increase in
larvicidal activity in AgNPs compared to the algae used for its
synthesis. In this investigation, larvae (L4) were treated with the
extract of the seaweed of S. natans (100–900 µg/mL) and with
the synthesized NPs (100–300 µg/mL) [53]. The seaweed
extract of S. natans showed an LC50 value of 299 µg/mL, while
the derived AgNPs showed an LC50 value of 167 µg/mL. It is
noteworthy that the treatment exposure time was not described
by the authors.

Murugan et al. [50] were also able to obtain AgNPs with
larvicidal activity derived from algae. The authors evaluated
the larvicidal activity of seaweed extract of C. clavulatums
(100–500 µg/mL) and the corresponding NPs (10–50 µg/mL)
against A. aegypti larvae (L1–L4). The aqueous seaweed extract
showed LC50 values of 269 µg/mL (L1), 310 µg/mL (L2),
348 µg/mL (L3), and 388 µg/mL (L4), while C. clavulatum-
synthesized AgNPs were highly toxic against A. aegypti,
revealing LC50 values of 21 µg/mL (L1), 24 µg/mL (L2),
26 µg/mL (L3), and 29 µg/mL (4). The treatment exposure time
was not described by the authors.

Gopu, et al. synthesized and investigated the larvicidal poten-
tial of AgNPs from the seaweed extract Amphiroa rigida [54].
Aedes aegypti larvae at stages L3 and L4 were treated with
A. rigida AgNPs (5–80 μg/mL). After 24 h of exposure,
mortality of the larvae was observed above concentrations of

20 µg/mL (L3) and 40 μg/mL (L4). In this study, the LC50
values were not calculated; however, according to the mortality
values presented, the LC50 values are in the range of
5–10 µg/mL for both larval stages. Furthermore, only the NPs
were evaluated, and there is no mention of the larvicidal activi-
ty of the algae extract under study.

Elumai and colleagues evaluated the larvicidal activity of
AgNPs derived from Oscillatoria sancta against larvae of
A. aegypti [55]. Larvae in stages L3 and L4 were treated with
the aqueous extract of the seaweed Oscillatoria sancta
(10–100 µg/mL) and with AgNPs derived from Oscillatoria
sancta (2–10 µg/mL); 24 h after treatment, the mortality of the
larvae was evaluated. The NPs had a higher larvicidal activity
than the seaweed aqueous extract, as also observed in other
studies.

An increase in larvicidal activity was also observed in
studies by Aziz [56]. An aqueous extract of the seaweed
(100–900 µg/mL) and AgNPs (50–250 µg/mL) were applied to
larvae in stage L4. The aqueous extract revealed LC50 values
two times higher than those of NPs, demonstrating the enhance-
ment of larvicidal activity. The authors did not highlight the
period of time after which mortality was evaluated.

The formation of AgNPs after mixing the extracts with silver
nitrate can be due to the synergy of biomolecules with reducing
activity present in the extracts binding to the surface of the par-
ticles [64]. Despite the evident higher larvicidal activity of
silver nanoparticles compared to algae extracts, there are signif-
icant variations in the results that must be considered. Larvi-
cidal studies require standardization. Factors such as water
volume, number of larvae, exposure time, larval stage, and
mention of the presence or absence of larvae feeding must be
established for better reliability of larvicidal studies. Further-
more, although the studies included did not carry out toxicity
studies on non-target species, it is important to highlight the
need for studies such as phytotoxicity, in vitro studies in cells,
and in vivo models such as Danio rerio (zebrafish).

Conclusion
Nanotechnology has great potential in current medicinal and
agricultural systems, where pests and disease vectors are con-
trolled by chemical pesticides that are toxic to non-target
species and harmful to soil fertility and ecosystems. The biofab-
rication of metallic nanoparticles using marine resources has
gained an exponential increase in attention over recent years. It
is a promising area in nanoscience and nanotechnology that
uses eco-friendly “green” methods. Silver nanoparticles
(AgNPs) are known to have the benefits of being economical,
energy efficient, and environmentally friendly.
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The use of AgNPs synthesized from extracts of seaweed species
against Aedes aegypti may be a viable option for replacing com-
mercially available synthetic chemical insecticides, being able
to surpass them in terms of larvicidal activity with lower toxici-
ty to non-target organisms. Among the biogenic compounds of
natural origin for green synthesis are flavonoids, tannins,
terpenoids, saponins, phenols, and their derivatives. These com-
pounds are responsible for the reduction and stabilization of
silver nanoparticles.

The present review suggests that the green synthesis of nanoma-
terials from seaweed extracts is an environmentally friendly
option for the control and prevention of vector-borne diseases.
These nanomaterials are potential candidates for replacing com-
mercially available toxic chemicals. Despite the proven forma-
tion of silver nanoparticles via green synthesis and their larvi-
cidal activity against A. aegypti, some challenges still persist.
Aspects such as the mechanism of action of AgNPs in the dif-
ferent stages of A. aegypti, resistance of mosquitoes to larvi-
cides, and the long-term effects of NPs on non-target organ-
isms still need to be elucidated to obtain a better understanding
of their efficacy and safety.
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