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Arthropod-borne viruses (arboviruses) are a severe public health problem worldwide, consisting 
of a significant part of all the emerging infectious diseases. It is estimated that arboviruses infect 
hundreds of millions of people globally each year, resulting in several thousand deaths. Despite 
their clear health threat, there are no prophylactic or pharmacological therapies available for most 
of them. Control of arbovirus infections is beyond pharmacological options; handling the larvae 
of mosquitos is an important and successful strategy, although currently available insecticides and 
larvicides are already associated with resistance. Therefore, searching for new strategies to prevent 
arbovirus infection is urgent and necessary. Marine organisms are an excellent source for structurally 
novel compounds due to their unique secondary metabolism, with outstanding antiviral and 
larvicidal activities. In the present review, we explored the ability of various marine natural products 
(MNPs) such as indole derivatives, diketopiperazines, scequinadoline A, cyclohexadepsipeptides, 
and others, to act as both antiviral and larvicidal, in an attempt to highlight their structure activity 
potential against the most relevant arboviruses affecting the human health. 
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1. Introduction

Arthropod-borne viruses (arboviruses) can be defined 
as viruses that depend on an intermediate invertebrate 
host (also known as a vector), generally, mosquitoes, 
flies, or ticks, which later will infect a vertebrate (avian 
or mammals) and complete their transmission cycle. The 
majority of arboviruses circulate in nature in a sylvatic 
enzootic cycle in which the vertebrate hosts are usually 
primates, rodents, or birds.1 However, the fast-paced 
environmental changes, due to globalization, unplanned 

urbanization in either underdeveloped or in developed 
countries, and their poor sanitary conditions have enabled 
the propagation of the vector and adaptation to new 
territories and urban zones as well as to a new vertebrate 
host. Consequently, recurrent outbreaks of medium and 
large impact in which humans are the main host have 
become a reality, characterizing, the urban cycle.2

Arboviruses can be classified according to their main 
clinical outcome into three types, hemorrhagic, encephalitic, 
or arthritogenic. In general, each of their infections results in 
a myriad of symptoms, varying from asymptomatic to mild 
and moderate cases that can evolve into chronic, severe, 
and/or potentially fatal manifestations. Prognostic factors 
are still under discussion,3,4 but it is known that the virus 
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strain and its genotype, as well as the host’s immunological 
and serological background significantly contribute to 
the severity. Clinical management of arbovirus infections 
relies mainly on pain relief, generally by administration of 
analgesics and/or anti‑inflammatory drugs.5-10 Currently, it 
is estimated that more than 3.9 billion people distributed 
in more than 129 countries are susceptible to one or 
more arbovirus infections, which results in more than 
100 million symptomatic infections and 40,000 deaths 
each year worldwide.7,10-14 Therefore, it is undeniable that 
arbovirus infections have a social and economic impact 
and represent a serious public health concern. The absence 
of an effective vaccine or specific antiviral drug makes 
the pursuit of new therapeutic and prophylactic strategies 
imperative. Although several potential drug candidates were 
already described in the literature, just a few have entered 
clinical trials,15 highlighting the necessity for continuous 
investments in promising compounds with anti-arbovirus 
activity. 

Up to date, more than 450 species of arboviruses have 
already been described, which are grouped into three distinct 
families (Flaviviridae, Togaviridae, and Bunyaviridae) 
and 5 genera (Flavivirus, Alphavirus, Orthobunyavirus, 
Phlebovirus, and Nairovirus).1 Flavivirus, which include 
Dengue virus (DENV), yellow fever virus (YFV), Zika 
virus (ZIKV), Japanese encephalitis virus (JEV) and 
others, and alphaviruses, which have Chikungunya virus 
(CHIKV), Mayaro virus (MAYV) and Sindbis virus 
(SINDV) among its members, are the most relevant genera 
of arboviruses that infect humans. These are endemic in at 
least half of the world’s territory and are responsible for 
frequent outbreaks with high morbidity and mortality rates. 
Despite that, only two vaccines, one against DENV and 
the other for JEV, have already been approved for human 
immunization, although their use is limited to a small 
subset of the at‑risk population.16-18 Among flaviviruses, 
DENV is by far the most relevant to human health. It is 
estimated that 390  million people are infected annually 
by one of the four DENV serotypes. Although most cases 
are asymptomatic, symptomatic manifestation occurs in 
more than 96 million people, in which self-limited high 
fever, headache, retro-orbital pain, muscle and joint pain, 
and cutaneous rash are the most reported symptoms.5,19 
It is expected that 10 to 15% of symptomatic dengue 
patients evolve to severe dengue, which is characterized 
by moderate to severe vascular leakage, bleeding and 
organ impairment, resulting in dozens of thousands of 
deaths each year.20 Furthermore, ZIKV is also considered 
an important public health problem due to its potential to 
cause encephalopathies. It was originally discovered in 
1947 in the Zika forest in Uganda, Africa, and circulated 

in the African and Southeast Asian territories until 2007. 
Later it reached Micronesia and rapidly propagated to the 
Pacific islands.21-24 This virus emerged in the Americas in 
2015 and led to relevant outbreaks of Zika fever (ZIKF) 
in Brazil and 33 other countries in the following two 
years.13,25,26 It was postulated that at least one hundred 
million people have already been infected by ZIKV, which 
shares clinical symptoms with DENV and CHIKV.11 Adult 
patients usually exhibited a sudden onset of high fever, 
myalgia and arthralgia, conjunctivitis, and rash. A minor 
percentage of infected patients develop Guillain‑Barre 
syndrome (GBS), which is an autoimmune disease 
associated with peripheral nerve inflammation that leads 
to muscle weakness and paralysis.9 ZIKV infection is 
potentially dangerous in pregnant women because of its 
ability to cross the placenta and infect the fetus, which 
might culminate in abnormal cerebral development, 
microcephaly, and fetal demise.8,13 Among the alphaviruses, 
CHIKV is the biggest threat to health authorities. Although 
less life-threatening than the abovementioned viruses, 90% 
of infected people are symptomatic, severe and disabling 
arthralgia is the most relevant symptom. Approximately 
40% of CHIKV patients evolve into chronic infections 
that can last several years, exhibiting an impactful social 
and economic burden.10 Recent surveillance reports27 
have alerted to an increased mortality case due to CHIKV 
infection, making the effort to find a therapeutic strategy to 
control it more pressing. Either DENV, ZIKV, and CHIKV 
are transmitted by mosquitoes from Aedes genera, mainly 
Aedes aegypti and Aedes albopictus. These mosquitoes are 
very domesticated and endemic in all tropical and temperate 
zones. Management of arbovirus infections goes beyond the 
development of antivirals and vaccines. Vector control is 
the most used and interesting approach nowadays. Several 
strategies are currently ongoing to impair the transmission 
of arboviruses, either by using insecticides/larvicides or by 
the release of mosquitoes containing the endosymbiotic 
bacterium Wolbachia pipientis into nature.28-30 Despite 
being promising, these approaches are limited either by 
the development of resistance to available insecticides/
larvicides or by virus evolution to escape from antiviral 
activity exerted by Wolbachia.31,32 Therefore, searching 
for new compounds with insecticides/larvicidal activity is 
extremely important in the fight against these viruses. Novel 
scaffolds based on natural products with antimicrobial 
potential can provide new drugs.33,34

Marine microorganisms, algae, corals, and even 
mangrove plants live in demanding environmental conditions 
that favor the production of secondary metabolites. These 
compounds are closely related to ecological functions, 
acting as chemical mediators in the interactions between 
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the organism and the biotic or abiotic environment.35 
Thus, marine organisms are an excellent source of 
structurally new compounds that may present diverse 
bioactivities and biotechnological applications.36 There 
are two classic drugs, which were inspired by nucleosides 
isolated from the marine sponge Tectitethya  crypta and 
marked the beginning of the use of this class of drugs for 
the treatment of tumors and viral diseases.35 In addition, 
biological vector control is an ecological and sustainable 
method since it is associated with a slow rate of insect 
resistance development.37 Because of this, more and more 
researchers are in search of bioactive marine compounds. In 
a recent review, Carroll et al.38 reported a total of 1490 new 
compounds of marine origin described in 440  papers, 
only in 2019. However, it is believed that there is still 
much to be explored in terms of aquatic biodiversity.

Although the initial studies39 have focused on 
compounds of sessile invertebrates, lately, marine 
microorganisms are valuable due to the demand for a 
more sustainable marine biotechnology. These organisms 
produce a plethora of secondary metabolites with less 
rigorous ethical and environmental requirements for 
research and development.40 Despite this, macroorganisms 
have not ceased to be a source for research into new natural 
metabolites.36

Antiviral and insecticidal/larvicidal potential are among 
the various biological activities investigated and pointed out 
as promising in marine metabolites and their derivatives.41-45 
In this scenario, the knowledge of marine natural products 
(MNP) with the potential to combat Dengue, Zika, and 
Chikungunya viruses and their vectors would certainly 
help to leverage promising candidates for advanced stages 
of development of these biomaterials. 

Due to the importance of new drugs to combat 
arboviruses, as well as our interest in marine natural 
products,46-51 we summarized the most relevant scientific 
and technical literature on MNP with antiviral and larvicidal 
activity against Dengue, Zika and Chikungunya and their 
main vector Aedes aegypti.

2. Research Methodology 

This review selected literature data described until 
August 2021. Extensive research was developed in 
SciFinder® and Web of Science™ databases using different 
combinations of the following keywords: “marine”, 
“algae”, “mangrove”, “dengue”, “zika”, “chikungunya”, 
“Aedes aegypti” and “activity”. 

The records were exported to the EndNote X4 program 
and duplicates have been removed. The screening was 
carried out, to exclude review articles, conference papers, 

book chapters, and only abstracts. After, the papers 
were manually grouped according to the type of marine 
organisms involved: microorganisms, algae, mangrove 
plants, and miscellaneous. 

A careful investigation into the content of the papers 
was carried out. The inclusion criteria comprised 
studies that reported activity of extracts, fractions, or 
substances isolated from marine organisms with activity 
against Dengue, Zika, and Chikungunya viruses, or 
larvicidal/insecticide activity against Aedes aegypti. 
Articles outside these approaches were excluded for 
irrelevance. In the end, a total of 75 articles were selected: 
microorganisms (25), seaweeds (20), mangrove plants 
(17), and miscellaneous (13). However, in this review, we 
have described results for isolated substances, extracts with 
major metabolites identification, and nano encapsulated 
extracts. We also highlight the structure activity relationship 
in cases where it was clearly studied. Activity results for 
other extracts will be presented in the Supplementary 
Information section to assist future research in this area.

3. Marine Microorganisms

Marine microorganisms, including bacteria and 
fungi, are of considerable importance as rich sources of 
novel secondary metabolites that could be used as lead 
compounds for new larvicidal and/or antiviral agents.52-54 
According to Carroll et al.,55 a transformation in MNPs 
research occurred in 2018 with a very significant 
increase in the number of new compounds reported from 
microorganisms. Comparing 2015 with 2018, there was 
an increase in the isolation of new MNPs from marine 
bacteria, fungi, and cyanobacteria by 22, 85, and 61%, 
respectively. In 2021 the same authors published a review38 
covering MNPs isolated in 2019 and the study of marine 
fungi metabolites from microorganisms is still increasing, 
unabated. In 2019, fungal MNPs represented almost half 
(47%) of the total new MNPs reported.

Some of these marine species live in high-pressure, 
high-salt, and low-temperature environments, which 
provide the opportunity for them to produce unique active 
substances that differ from the terrestrial ones.56 Fungi 
are already used widely in agricultural fields as control 
agents against plant pathogens.57 Thus, they are more 
likely to be perceived as a source of environment-friendly 
compounds. Although studies with microorganisms 
continue to increase, the evaluation of these metabolites 
in the antiviral and larvicidal activity against arboviruses 
is still scarce. Tables  1 and 2 show the results of the 
larvicidal and antiviral activities of substances isolated 
from these microorganisms.
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In 2018, Abinaya et al.58 conducted a study of the 
larvicidal activity of exopolysaccharide from probiotic 
Bacillus licheniformis on A. aegypti. B. licheniformis 
exopolysaccharide (Bl-EPS) was extracted using ethanol 
(EtOH) precipitation and was evaluated in different 
concentrations (30.00, 60.00, 90.00, 120.00, and 
150.00 μg mL–1). The authors reported that mortality was 
94.6% against A. aegypti larvae when Bl-EPS was tested at 
150.00 μg mL–1. The larvicidal concentration 50% (LC50) 
value for Bl-EPS against A. aegypti was 79.28 μg mL–1.

Seven compounds were isolated from the marine fungus 
Penicillium brefeldianum ABC190807 from mangrove 
sediments.59 Both the crude extract in ethyl acetate (EtOAc) 
and two isolated substances showed activity against 
the third instar larvae of A. aegypti. At 250.00 μg mL–1, 

compounds 1 and 2 exhibited lethal activity against the 
larvae (Figure 1).

Dong et al.60 patented the method for preparing secondary 
metabolites of marine fungi by fermenting a mixture of 
Trichoderma harzianum and Penicillium  brefeldianum. 
After concentration, the crude extract was fractionated 
on a silica gel column, which provided six compounds. 
After evaluating the activity of the compounds agathic 
acid (3) and nafuredin A (4) against the third instar larvae 
of A. aegypti, it was possible to observe a clear dose-
response relationship after 72 h with a good correlation. 
Compounds  3 and 4 (Figure 2) showed LC50 values of 
163.16 and 243.55 μg mL–1, respectively.

Symbiont bacteria of algae are bioactive metabolite 
sources. Based on this knowledge, Ahmad et al.61 observed 

Table 1. Larvicidal activity of marine microorganisms against Aedes aegypti mosquito

Species Organism Extract Larvicidal activity Major compounds Reference

Bacillus licheniformis bacteria EtOH LC50 = 79.28 μg mL–1a polysaccharides 58

Penicillium brefeldianum fungi EtOAc
LC50 = 452.00 µg mL–1 paspaline (1)

59
LC50 = 337.00 μg mL–1 fumitremorgin A (2)

Mix of Trichoderma harzianum and 
Penicillium breviflora 

fungi EtOAc
LC50 = 163.16 μg mL–1 agathic acid (3)

60
LC50 = 243.55 μg mL–1 nafuredin A (4)

aCrude extract activity. EtOH: ethanol; EtOAc: ethyl acetate; LC50: 50% lethal concentration.

Table 2. Antiviral activity of marine microorganisms against Chikungunya (CHIKV), Zika (ZIKV), and Dengue virus (DENV, DENV-2)

Species Organism Extract 
Antiviral activity

Major compounds Reference
Virus type Potency

Enterobacter 
agglomerans

bacteria

AMS DENV-2 CC50 = 260.37 μg mL–1 proteins 61

pepsin-rich 
extract

DENV CC50 = 129.00 μg mL–1 proteins 62

Trichodesmium 
erythraeum

cyanobacteria
MeOH/CHL 

(1:2, v/v)

CHIKV EC50 = 1.30 μMa debromoaplysiatoxin
63

CHIKV EC50 = 2.70 μMa 3-methoxydebromoaplysiatoxin

Streptomyces 
gougerotii and 
Microbulbifer 
variabilis 

bacteria EtOAc

DENV-2 EC50 = 12.30 μMa cyclo-(4-trans-hydroxy-L-proline-L-
leucine) (5)

64

DENV-2 EC50 = 11.2 μM
cyclo-(4-trans-hydroxy-L-proline-L-

phenylalanine) (6)

Dichotomomyces 
cejpii

fungus EtOAc DENV-2
50.00 µM 50% of 

inhibition
scequinadoline A (7) 65

Fusarium sp.
fungus from sea star 
Acanthaster planci

EtOAc

ZIKV EC50 = 7.50 μMa fusaindoterpenes B (8)

66
ZIKV EC50 = 4.20 μMa JBIR-03 (9)

ZIKV EC50 = 5.00 μMa 1,2-bis(1H-indol-3-yl)ethane-1,2‑dione 
(10)

Beauveria felina
fungus from sponge 

Xestospongia testudinaria
EtOAc ZIKV

inhibited 100% at 
10.00 μM

roseotoxin B (11), roseotoxin (12),  
[3-me-Pro]destruxin E chlorohydrin (13),  

destruxin A (14), destruxin F (15), 
destruxin Ch1 (16), and destruxin Br1 (17)

67

Stachybotrys 
chartarum

fungus from sponge 
Niphates sp.

EtOAc ZIKV
inhibited 100% at 

5.00 μM
meroterpenoid alkaloid (18) 68

aIsolated compound activity. AMS: ammonium sulfate; CC50: 50% cytotoxic concentration; MeOH: methanol; CHL: chloroform; EC50: 50% effective 
concentration; EtOAc: ethyl acetate. 
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in 2019 the antiviral potential against the Dengue virus of 
a protein fraction isolated from Enterobacter agglomerans 
as the symbiont of brown algae Sargassum binderi. 
Antiviral activity toward DENV serotype 2 (DENV-2) in 
the Vero cells model indicated an inhibition percentage 
and CC50 (50% cytotoxic concentration)  value of 70% and 
260.37 μg mL–1, respectively. The authors recommended 
that future studies be performed with hydrolyzed fractions 
to explore other potential peptide compounds with antiviral 
activity against DENV.

Tropical filamentous marine cyanobacteria have 
presented as a valuable source of novel bioactive natural 
products and based on this trend, Gupta et al.63 reported 
five aplysiatoxin-related compounds from the marine 
cyanobacterium Trichodesmium erythraeum. The authors 
have assessed the antiviral activities of these five marine 
toxins using Chikungunya virus (CHIKV)-infected cells 
in both pre- and post-treatment studies. In pre-treatment 
studies, BHK21 (baby hamster kidney) cells were treated 
with the compounds before being infected with CHIKV. 
The effects of the marine-derived compounds on CHIKV 
replication within infected cells were assessed in post-
treatment studies. Post-treatment experiments using the 
debrominated analogs, namely debromoaplysiatoxin and 
3-methoxydebromoaplysiatoxin, displayed dose-dependent 
inhibition of CHIKV when tested at concentrations of 
0.10 μM. Furthermore, debromoaplysiatoxin displayed the 
most potent antiviral activity with an EC50 (50% effective 
concentration)  value of 1.30 μM and a selectivity index 
(SI = CC50/EC50) of 10.9.

To investigate the inhibitory effects of the EtOAc extracts 
of Streptomyces gougerotii and Microbulbifer  variabilis 
on DENV-2 replication, DENV-2-infected Huh‑7 cells 
were treated with different isolated compounds (namely 
two γ-butyrolactones and four diketopiperazines) at 
various concentrations for 3 days. Diketopiperazines 
cyclo-(4‑trans-hydroxy-L-proline-L-leucine (5) and 
cyclo-(4‑trans-hydroxy-L-proline-L-phenylalanine) (6) 
(Figure  3) exhibited a significant reduction of DENV-2 
replication in these cells, exhibiting an EC50 of 12.30 and 
11.20 μM, respectively.64

The fungal strain Dichotomomyces cejpii F31-1, 
isolated from the soft coral Lobophytum crassum, was 
investigated.65 Culture of this organism generates more 
than thirty metabolites, which were isolated before 
assessment of their inhibitory activity against DENV-2. 
After bioactivity-guided fractionation, the fumiquinazoline 
scequinadoline A (7, Figure 4) was isolated and exhibited 
significant inhibitory activity against dengue virus 
serotype 2 production by standard plaque assay.

Figure 1. Structures of paspaline (1) and fumitremorgin A (2) isolated from P. brefeldianum.

Figure 2. Structures of agatic acid (3) and nafuredin (4) isolated from 
T. harzianum and P. brefeldianum.

Figure 3. Structures of the diketopiperazines 5 and 6 isolated from 
M. variabilis.

Figure 4. Structure of scequinadoline A (7) isolated from D. cejpii.
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In their work, Guo et al.66 studied the marine fungus 
Fusarium sp. L1 cultivated in the presence of L-tryptophan, 
from which were isolated 23 indole alkaloids, including six 
new compounds and 17 known compounds. The antiviral 
activity against the ZIKV of all compounds was evaluated 
by plaque assay on A549 cell cultures. Nine substances 
showed an EC50 ranging from 5.00-50.00 μM, where 
compounds 8, 9, and 10 (Figure 5) displayed the best results 
with EC50 values of 7.5, 4.2, and 5.0 μM, respectively. A 
preliminary study of the structure-activity relationship 
showed that the F-ring of indole diterpenes is important 
for antiviral activity against ZIKV. The presence of a furan 
moiety (F ring) increases the activity as in compound 9 
(EC50 = 4.20 μM). Furthermore, the presence of diketones 
in the bisindole system 10 substantially increased activity.

Yuan et al.67 established a Zika-infected cell line 
model for screening anti-ZIKV compounds from crude 
extracts. Recently, they studied the crude extract of 
sponge-associated fungus Beauveria felina SX-6-22 
and thirty destruxin cyclohexadepsipeptides (DTXs) 
were discovered.67 The target for therapy against 
Zika virus in this bioassay was the inhibition of RNA 
(ribonucleic acid) replication and expression of the NS5 
protein (non-structural protein 5), the most conserved 
in the virus and essential for its replication. The 
authors tested the inhibition of the compounds toward 
total replication of RNA and NS5 production levels in 
ZIKV (MR766) virus-infected A549 cells. The virus 
replication was determined by qRT-PCR (quantitative 
reverse transcription-polymerase chain reaction) 24 h 
after infection using ivermectin as a positive control and 
DMSO (dimethyl sulfoxide) as a negative control. The 
qRT-PCR results showed that seven compounds (11-17, 
Figure 6) at 10.00 μM significantly inhibited ZIKV total 
RNA replication. In addition, western blotting analysis of 
NS5 in lysed A549 cells after infection for 24 h, showed 
that these antiviral compounds also effectively inhibited 
NS5 protein production. Among the DTXs analyzed, 
those bearing a halogen (Br or Cl) substitution or those 
containing an α-hidroxyisocaproic acid (α-HIC) or a 
2-hydroxy-4‑pentenoic acid moiety showed to be more 
potent than those containing hydroxy or carboxylic groups 
on the α-HIC moieties.

In their invention, Lin et al.68 disclosed the isolation of 
a terpene alkaloid and its antiviral properties against ZIKV. 
The alkaloid meroterpeoid (18, Figure 7) was obtained from 
the EtOAc extract of the fermentation broth of the marine 
fungus Stachybotrys chartarum. In vitro experiments 
showed that the meroterpenoid alkaloid could significantly 
inhibit ZIKV at a concentration of 5.00 μM.

4. Seaweeds

Several studies in the literature have demonstrated the 
potential of seaweeds against numerous viruses, presenting 
promising CHIKV, ZIKV, and DENV antiviral activity, 
amongst others. Likewise, these seaweeds also exhibited 
potent larvicidal activity, especially against Aedes spp. 
mosquitoes. 

Salvador-Neto et al.  69 described the potential 
larvicidal activity of extracts derived from the red alga 
Laurencia  dendroidea J. Agardh. Their initial results 
demonstrated that crude extracts, at a concentration of 

Figure 5. Structures of compounds 8, 9, and 10 isolated from Fusarium sp.

Figure 6. Structures of cyclohexadepsipeptides (11-17) isolated from 
B. felina.

Figure 7. Structure of the meroterpenoid alkaloid (18) isolated from 
S. chartarum.
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5.00 ppm, caused pronounced mortality of the second instar 
of A. aegypti larvae. According to the authors, two isolated 
molecules were responsible for the observed larvicidal 
activity, the halogenated sesquiterpenes (–)-elatol (19) and 
(+)-obtusol (20) (Figure 8). (+)-Obtusol (20) presented 
higher toxic activity than (–)-elatol (19), with an LC50 
value of 3.50 ppm while (–)-elatol yielded an LC50 value 
of 10.70 ppm. Histological analysis of the larvae exposed 
to (+)-obtusol (20) revealed damage to the intestinal 
epithelium.

Different studies evaluating the crude seaweed 
extracts presenting larvicidal activity are described in the 
Supplementary Information section.

Table 3 displays studies evaluating seaweed extracts 
presenting antiviral activity against CHIKV, ZIKV, 
and DENV. A recent paper was published72 evaluating 
the antiviral potential of the marine brown seaweed 
Canistrocarpus cervicornis. The work aimed to test the 
antiviral activity against ZIKV and CHIKV virus of the 
isolated diterpene dolastane (21, Figure 9) and its crude 
seaweed extract. The authors demonstrated that both 
products (dolastane and crude extract) yielded an interesting 
bioactivity profile, exhibiting a potent antiviral activity 
with EC50 2.15 μg mL–1 for the crude seaweed extract and 
0.75 μM for the dolastane (21), against ZIKV replication. 

Likewise, both products were also able to inhibit CHIKV 
replication with an EC50 of 2.45 μg mL–1 for the crude 
seaweed extract and 1.28 μM for the dolastane (21). In 
addition, the authors also tested the combination of different 
drugs as a strategy to increase the desired biological activity 
considerably with a decreased toxicity. The combination 
of C. cervicornis extract and the isolated dolastane with 
ribavirin was evaluated. It is important to highlight that 
the concentration of dolastane (21) and crude extract used 
in this combination with ribavirin was lower than the one 
evaluated individually. This lower concentration, if used 
individually, would not be able to expressively replicate 
ZIKV or CHIKV. The results obtained demonstrated that 
this combination determined a strong synergism in both 
inhibitions of ZIKV and CHIKV, reaching over 90% 
inhibition of replication when combined, suggesting that 
the combined use can be an important treatment strategy, 
bringing lower risk to people’s health.

Esteves et al.71 evaluated the antiviral potential of 
the marine green alga Caulerpa racemosa. Their work 
aimed to evaluate the antiviral activity against CHIKV of 
the isolated alkaloid, called caulerpin (22, Figure 10), to 
reduce the morbidity and mortality of CHIKV infection, 
thus contributing to a decrease in the number of infected 
individuals and possible consecutive outbreaks. In the 

Figure 8. Structures of the halogenate sesquiterpenes (–)-elatol (19) and 
(+)-obtusol (20) isolated from the red alga L. dendroidea.

Table 3. Antiviral activity of seaweed extracts against Chikungunya (CHIKV), Zika (ZIKV), and Dengue virus (DENV-2)

Species Organism Extract / fraction
Antiviral activity

Major compounds Reference
Virus type Potency

Laurencia dendroidea seaweeds HEX CHIK EC50 = 7.78 μg mL–1 elatol 70
Osmundaria obtusiloba seaweeds EtOH CHIK EC50 = 1.25 μg mL–1 bromo-phenols 70

Ulva fasciata seaweeds EtOH CHIK EC50 = 18.90 μg mL–1 palmitic acid and 
other fatty acids

70

Kappaphycus alvarezii seaweeds EtOH CHIK EC50 = 3.25 μg mL–1 sterols 70

Caulerpa racemosa seaweeds
ACE CHIK EC50 = 4.20 μg mL–1 caulerpin 70
ACE CHIK EC50 = 0.80 μMa caulerpin (22) 71

Canistrocarpus cervicornis brown seaweeds DCM
ZIKV EC50 = 0.75 μMa dolastane (21)

72
CHIK EC50 = 1.28 μMa dolastane (21)

Cladosiphon okamuranus brown seaweed – DENV-2

10.00 μg mL–1 of 
fucoidan reduced the 
infectivity by 20% 

compared with that in 
untreated cells

fucoidan (23) and its 
derivatives

73

Dictyota menstrualis brown seaweed DCM ZIKV EC50 = 2.80 μg mL–1 diterpenes 74
aIsolated compound activity. HEX: hexane; EC50: 50% effective concentration; EtOH: ethanol; ACE: acetone; DCM: dichloromethane.

Figure 9. Structure of dolastane (21) diterpene isolated from the marine 
brown seaweed C. cervicornis.
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evaluation of the antiviral activity of caulerpin (22), the 
authors tested different concentrations of the isolated 
compound. The obtained percent inhibition results showed 
a 99% inhibition at concentrations of 20.00, 10.00, and 
5.00  μM. A concentration of 2.50 μM showed 92% 
inhibition, 1.25 μM showed 75% inhibition, and 0.65 μM 
showed 47% inhibition, featuring an EC50 of 0.80 μg mL–1. 
Therefore, the results obtained suggest that caulerpin (22) 
could be potentially studied for use in the prevention and 
treatment of CHIKV infections.

The interesting antiviral activity against the Dengue 
virus using the polysaccharide fucoidan (23, Figure 11), 
isolated from the brown seaweed Cladosiphon okamuranus 
was evaluated.73 Fucoidan (23) is a sulfated polysaccharide 
that is comprised of carbohydrate units containing 
glucuronic acid and sulfated fucose residues. The authors 
reported that fucoidan (23) significantly inhibited DENV‑2 
infection in BHK-21 cells in a dose-dependent manner. 
Treatment of the virus with 10.00 μg mL–1 fucoidan (23) 
reduced the infectivity by 20% compared with untreated 
cells. The inhibitory activity of fucoidan is equivalent to 
that of heparin, a known competitive inhibitor. The authors 
also tested three types of fucoidan derivatives for effects 
on DENV-2-infected BHK-21 cells. The results obtained 
showed that desulfation from fucoidan (23) yielded a 
marked suppression of the inhibitory activity. In addition, 
carboxy-reduction knocked out the effect of fucoidan 
against DENV-2 infection. These findings strongly suggest 
that the glucuronic acid residue as well as sulfated fucose 
are accounting for the inhibition of DENV‑2 infection, 
being essential for the inhibitory activity of fucoidan (23).

5. Mangroves 

Mangrove plants were also investigated for larvicidal 
activity against A. aegypti. Extracts from different parts 
of the plants were prepared with different solvents and 
showed activity against mosquito larvae. Some samples 
were further characterized using gas chromatography-
mass spectrometry (GC-MS) analysis and phytochemical 
constituent analysis (Table 4).

The first report describing the activity of three species 
of mangrove plants against A. aegypti larvae was presented 
by Mohammed and Chadee.75 The aqueous extract of 
Rhizophora mangle (Rhizophoraceae) revealed an LC50 
value of 67.6%, however, a terrestrial plant also evaluated 
by the authors showed better larvicidal activity. Years 
later, the stimulating effect on the hatching of A. aegypti 
eggs was reported76 from aqueous extract of R. mangle 
(750.00  μg  mL–1). In addition, a synthetic tannic acid 
(500.00 μg mL–1), whose chemical class is abundant in 
R. mangle, presented embryotoxic and embryostatic effects 
on eggs and larvae.76

Ali et al.77 screened the larvicidal activity of 
EtOH extracts of other species of the Rhizophoraceae 
family: Rhizophora apiculata, Rhizophora mucronata, 
Ceriops  decandra, and Bruguiera cylindrica. All 
species exhibited larvicidal activity (see Supplementary 
Information section) and the stilt root crude extract of 
R.  mucronata showed the best activity (LC50 value of 
0.028 μg mL–1). EtOH and acetone (ACE) fractions of 
R. mucronata extracts also showed larvicidal activity 
against A. aegypti, and a GC-MS analysis allowed the 
identification of the major compounds in the fractions 

Figure 10. Structure of caulerpin alkaloid (22) isolated from the marine 
green alga C.  racemosa.

Figure 11. Structure of the sulfated polysaccharide fucoidan (23) isolated 
from the brown seaweed C. okamuranus.

Table 4. Larvicidal activity of mangrove plant extracts against Aedes aegypti mosquito

Species Plant part Extract Larvicidal activity Major compounds Reference

Rhizophora mangle leaf water LC50 = 67.6% tannins 75,76

Rhizophora mucronata stilt root EtOH LC50 = 0.028 μg mL–1

acetone fraction: 2-hydroxy-1-ethyl acetate, 
mono (2-ethylhexyl) ester, hexanedioic acid

77
ethanolic fraction: benzene dicarboxylic acid, 

phthalic acid, butanoic acid, hexadecanoic acid

Avicennia marina leaf ACE LC50 = 164.00 μg mL–1 eicosanoic acid; cis-9-hexadecenal; 1-hexyl-oleic acid; 
di-N-decylsulfone; 2-nitrocyclohexane 

78

LC50: 50% lethal concentration; EtOH: ethanol; ACE: acetone.
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(Table 4). In addition, the authors evaluated the in 
vitro repellent activity of EtOH and ACE fractions 
of R.  mucronata against A.  aegypti, which revealed 
percentages of protection between 88.6 and 100% with 
more than 8 h of protection at a concentration of 4 mg cm–2.

The Acanthaceae family also have representatives 
with known larvicidal activity, especially the members of 
the Avicennia marina species.75,78,79 A research evaluated 
the extracts from A. marina leaves produced in different 
solvents and the results revealed that the highest larval 
mortality was found for the ACE extract (LC50 value 
of 0.16 mg mL–1).78 ACE extract was characterized by 
GC-MS analysis providing five compounds: 1-hexyl-
2‑nitrocyclohexane, eicosanoic acid, cis-9-hexadecenal, 
oleic acid, and di-N-decylsulfone. A. marina, as well as 
other species of mangrove plants, also showed potential as 
repellent against A. aegypti with a protection percentage 
above 80%.80

Studies exploring antiviral potential against DENV, 
ZIKV, and CHIKV of mangrove plant species are 
scarce. Antiviral activity against DENV was described 
from a phthalic acid ester (2”-(methoxycarbonyl)-
5”‑methylpentyl 2’-methylhexyl phthalate, 24, Figure 12) 
isolated from a MeOH extract of aerial parts of the species 
Acrostichum  aureum (Pteridaceae).81 The compound 
exhibited an EC50 value of 113.50 µM against DENV-2 and 
also showed activity against CHIKV reducing the virus titre 
by 73% at a concentration of 500 μM.

6. Miscellaneous

Besides bacteria, fungi, seaweeds, and mangrove 
plants, other marine organisms, such as a sponge, crinoid, 
annelid, coral, anemone, ascidian, zoanthid, fish, crab, and 

lily species are reported to possess interesting and diverse 
biological properties, including antiviral and larvicidal 
activity. Table 5 summarizes the information about some 
isolated compounds as well as extracts from such marine 
organisms with activity against A. aegypti larvae.

Some biological properties, including larvicidal on 
A. aegypti, were investigated for saraines 1-3 (25-27) and 
saraines A-C (28-30) (Figure 13), which are abundant 
polycyclic alkaloids in the sponge Reniera sarai.82 These 
saraines were obtained from the ACE extract of the sponge 
collected in the Naples Gulf. The larvicidal activity against 
the A. aegypti was determined on third-age larvae and 
results have shown that saraines 1-3 were more active than 
saraines A-C; saraine 3 (27) was the most active, with a 
46% of larval mortality at 0.20 ppm.

Larvicidal, ovicidal and insecticidal activities against 
three mosquitoes species, including A. aegypti, were reported 
for nereistoxin80 (31, Figure 14), a natural neurotoxin, isolated 
from the marine annelid Lumbriconereis  heteropoda.86 
Samples of L. heteropoda were collected from the 
Pichavaram, Vellar, and Gulf of Mannar, India. The LC50 
value for larvicidal activity against A. aegypti was 0.535 ppm 
after 24 h treatment (Table 5). For ovicidal activity, 31 
exerted 100% mortality (zero hatchability) at 1.00 ppm, and 
the insecticidal LD50 (50% lethal dose) of 0.028 ppm after 
24 h for A. aegypti. The authors pointed out the promising 
potential of nereistoxin (31) to be used in egg, larval, and 
adult mosquito control.

Table 5. Larvicidal activity of miscellaneous marine organisms isolated compounds against Aedes aegypti mosquito

Species Organism Extract Larvicidal activity Major compounds Reference

Reniera sarai sponge ACE 46% mortality (0.20 ppm)a saraine 3 (27) 82

Lumbriconereis heteropoda annelid b LC50 = 0.53 ppma nereistoxin (31) 83

Sardinella longiceps fish acetic acid and pepsin 60% mortality (1.00 μL mL–1)a collagen 84

Ranina ranina crab – LC50 = 4942.48 ppma chitosan (32) 85
aIsolated compound activity; bdescribed by Hirayama et al.86 ACE: acetone; LC50: 50% lethal concentration.

Figure 12. Structure of a phthalic acid ester (24) isolated from the 
mangrove plant A. aureum.

Figure 13. Structures of saraines (25-30) isolated from the sponge R. sarai.
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Muthumari et al.84 have described the larvicidal activity 
of collagen, a peptide extracted in two different methods: 
acid (acetic acid) and enzymatic (pepsin) technique from 
Sardinella longiceps fish scales against A. aegypti. A 60% 
of larval mortality was observed using pepsin solubilized 
collagens (PSC) at a concentration of 1.00 μL mL–1. Apart 
from the importance of collagen for human health, this 
work demonstrated its potential application as a biomedical 
agent in controlling dengue fever.

Larvicidal property against A. aegypti was studied for 
chitosan (32, Figure 15), a natural deacetylated derivative 
of chitin, extracted from Ranina ranina crab shells, 
collected as throwaways from different sea food restaurants 
in Zamboanga, Philippines.85 The acidified chitosan was 
tested against third instar A. aegypti larvae, and the results 
revealed a dose-dependent larvicidal activity of chitosan 
against A. aegypti. The LC50 of acidified chitosan was 
estimated at 4942.49 ppm, and at this concentration, 
the compound caused a disruptive mechanism in the 
insect’s metabolism. Authors highlighted the use of waste 
materials as larvicides, being an environmentally safe and 
inexpensive alternative.

Table 6 shows the antiviral potential of some isolated 
compounds from different marine species against DENV 
and CHIKV.

Laille et al.87 investigated in vitro antiviral activity of 
seven metabolites isolated from marine invertebrates from 
New Caledonia on DENV replication. Metabolites like 
callipeltin A, crambescidin, ptilomycalin A, celeromycalin, 

gymnochrome B, gymnochrome D and isogymnochrome D 
were isolated.88,93-95 Among these compounds, only 
gymnochromes, isolated from the living fossil crinoid 
Gymnocrinus richeri,88 exhibited a considerable inhibitory 
effect on DENV replication, especially gymnochrome D 
(33) and isogymnochrome D (34) (Figure 16), with a 
foci-reducing effect at doses lower than 1.00 μg mL–1 
(< 0.89 nM).

Promising activity against the CHIKV infection was 
reported for crude extracts from coral Sinularia kavarattiensis 
collected from the Indian Ocean.89 Moreover, they also 
performed a bioassay-guided chemical fractionation 
of S. kavarattiensis that resulted in the isolation of six 
known norcembranoids and one new compound, named 
kavaranolide. The strongest inhibitory effects were 
observed for the norcembranoids, 5-epi-sinuleptolide 
(35) and sinuleptolide (36) (Figure 17) that inhibited 
the CHIKV replication by more than 60% compared to 
the vehicle control at a concentration of 100.00 μM. It is 
noteworthy that the CHIKV-inhibiting potential of isolated 
compounds was lower than that of the crude extracts and 
the enriched fractions of S. kavarattiensis, which may 
indicate a synergetic activity of the compounds present in 
the extracts and fractions. The authors have also pointed 
out that the α-β-unsaturated-γ-butyrolactone moiety in both 
structures seems to affect biological activity, suggesting 
the involvement of an electrophilic conjugated function in 

Figure 15. Structure of chitosan (32) isolated from R. ranina crab shells.

Figure 14. Structure of nereistoxin (31) isolated from the annelid 
L. heteropoda.

Table 6. Antiviral activity of some isolated compounds from miscellaneous marine organisms

Species Organism Extract
Antiviral activity

Reference
Virus type Potency Major compounds

Gymnocrinus richeri crinoid MeOH DENV
EC50 < 1.00 μg mL–1 

(< 0.89 nM)
gymnochrome D (33), 

isogymnochrome D (34)
87,88 

Sinularia kavarattiensis coral MeOH CHIKV
> 60% inhibition 
(100.00  μg mL–1)

5-epi-sinuleptolide (35), 
sinuleptolide (36)

89

Palythoa mutuki zoanthid EtOH DENV EC50 = 4.50 μg mL–1 peridinin (37) 90

Eunicea laciniata
coral DCM CHIKV EC50 = 1.2 μM 

(1R,7R,8R,11S)-7,8-epoxy-
13‑ketodolabella-3,12(18)-diene (38)a 91

Eunicea asperula

Zoanthus spp. anemone EtOH DENV
EC50 = 19.61 μM zoanthone A (40)

92
EC50 = 10.05 μM ajugasterone C (41)

aIsolated from the two species. MeOH: methanol; EC50: 50% effective concentration; EtOH: ethanol; DCM: dichloromethane.
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35 and 36, which could act as a Michael acceptor toward 
reactive lysine or cysteine residues in the biological targets.

Based on the strong antiviral activity against the DENV 
virus of the EtOH extract of zoanthid Palythoa mutuki, 
Lee et al.90 decided to isolate and investigate the antiviral 
activity against DENV of animal materials of P. mutuki. The 
materials were collected on the northeast coast of Taiwan and 
from the EtOH extract one new ecdysteroid; palythone A and 
eight known compounds, 20-hydroxyecdysone 2-acetate, 
3-deoxy-20-hydroxyecdysone, 24-epi-makisterone A, 
20-hydroxyecdysone 3-acetate, 2-deoxyecdysterone, 
20-hydroxyecdysone, α-ecdysone, and peridinin were 
isolated. Peridinin (37, Figure 18), a common secondary 
metabolite in marine invertebrates and dinoflagellates, 
exhibited the most potent antiviral activity, with an EC50 

of 4.50 ± 0.46 μg mL–1 against DENV-2, superior to that of 
the positive control, 2’CMC (2’-C-methylcytidine).

Antiviral activities were reported91 for five natural 
and 21 semisynthetic derivatives dolabellane diterpenes 
against ZIKV and CHIKV viruses. Dolabellatrienone 
and (1R,7R,8R,11S)-7,8-epoxy-13-keto-dolabella-
3,12(18)‑diene isolated from the DCM extract of soft corals 
Eunicea laciniata and Eunicea asperula, collected in Santa 
Marta, Colombian Caribbean Sea, were used as starting 
material for the synthesis of 21 dolabellane and dolastane 
diterpenes. Compound (1R,7R,8R,11S)-7,8-epoxy-13-keto-
dolabella-3,12(18)-diene (38) showed a significant activity 
against CHIKV with an EC50 value of 1.2 ± 0.1 μM, while 
its semisynthetic derivative, (1R,3Z,7R,8R,11S)-7,8-epoxy-
13-ketodolabell-3-en-16-al (39) (Figure 19) exhibited an 
EC50 = 0.92 ± 0.08 μM against ZIKV.

Cheng et al.92 described the in vitro antiviral activity of 
14 ecdysones isolated from the EtOH extract of anemone 
Zoanthus spp. collected in Taiwan against DENV-2. The 
newly isolated compound zoanthone A (40) exhibited potent 
antiviral activity (EC50 = 19.61 ± 2.46 μM) with a selectivity 
index (CC50/EC50) value of 36.7, and the ajugasterone C 
(41), an EC50 of 10.05 ± 2.37 μM (Figure 20). In addition, 
the most active compound 41 was also tested for its EC50 
value against DENV-1 (15.70  ±  2.36  μM), DENV-3 

Figure 16. Structures of gymnochrome D (33) and isogymnochrome D (34) isolated from G. richeri.

Figure 17. Structures of norcembranoids, 5-epi-sinuleptolide (35), and 
sinuleptolide (36) were isolated from S. kavarattiensis.

Figure 18. Structure of peridinin (37) isolated from P. mutuki.

Figure 19. Structures of (1R,7R,8R,11S)-7,8-epoxy-13-keto-dolabella-3,12(18)-diene (38) and its semisynthetic derivative, (1R,3Z,7R,8R,11S)-7,8-epoxy-
13-ketodolabell-3-en-16-al (39).
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(9.48 ± 0.24 μM), and DENV-4 (12.15 ± 1.22 μM), and 
the results demonstrated the combined activity of 41 for 
all Dengue virus serotypes.

7. Nano Encapsulated Extracts from Marine 
Organisms

Nanoencapsulation of natural extracts has proved 
to be a valuable green technology strategy for reducing 
the use of chemical pesticides. The use of nanoparticles 
(NPs) synthesized with extracts from marine organisms, 
mainly seaweeds and mangrove plants, has been presented 
as an eco-friendly approach to controlling DENV vector 
A.  aegypti larvae.96,97 In the literature, biosynthesized 
silver nanoparticles (Ag NPs) and zinc oxide nanoparticles 
(ZnO NPs) are often characterized by UV-visible 
spectroscopy, X-ray diffraction, and Fourier transform 
infrared spectroscopy. The larvicidal activity reported 
for NPs synthesized from extracts from different marine 
organisms is presented in Table 7.

Silver nanoparticles (Ag NPs) synthesized from aqueous 
extracts of mangrove plant leaves Acanthus  ilicifolius 
and Rhizophora mucronata exhibited potent activity 
against A. aegypti larvae with LC50 values of 0.5398 and 

0.58  μg  mL‑1,99 respectively. Some authors97,100-102 also 
reported that the larvicidal activity of the nano-encapsulated 
mangrove extracts was higher than the activity of the crude 
extracts. The species Sonneratia alba (Lythraceae), for 
example, exhibited an LC50 value of 192.03 ppm for the 
crude extract, while the NPs synthesized with the extract 
revealed an LC50 value of 3.15 ppm.101 

Sabatini and Devi103 accomplished the green synthesis of Ag 
NPs from the brown seaweed Steochospermum marginatum, 
in which samples indicated the presence of several bioactive 
compounds with medicinal value. The authors tested 
its application for antimicrobial, anti-diabetic, ovicidal, 
larvicidal, and cytotoxic activity. The extract of both the 
biosynthesized nanoparticles and the aqueous extracts 
were found to be effective in killing the mosquito eggs 
and the larvae in a maximum mortality rate (85 and 88% 
of mortality of mosquito larvae for Ag NPs and aqueous 
extracts, respectively), however, the cytotoxicity testing of 
the silver nanoparticles obtained from the brown seaweed 
extract showed 84% less cytotoxic than the crude extract.

Recently Balaraman et al.104 discussed the development 
of an innovative eco-friendly process to generate safer 
and more stable Ag NPs with a high purity using the 
Sargassum myriocystum aqueous extract. The Ag NPs were 

Table 7. Larvicidal activity of nano encapsulated extracts from marine organisms against A. aegypti

Species Organism Extract Nanoparticle Larvicidal activity Reference

Lumnitzera racemosa mangrove plant (flower buds) water ZnO NP LC50 = 24.74 µg mL–1 96

Heritiera fomes mangrove plant (leaves) water Ag NP LC50 = 8.39 ppm 97

Acanthus ilicifolius mangrove plant (leaves) water Ag NP LC50 = 0.53 µg mL–1 98

Rhizophora mucronata mangrove plant (leaves) water Ag NP LC50 = 0.58 µg mL–1 99

Suaeda maritima mangrove plant (leaves) EtOH Ag NP LC50 = 8.66 ppm 100

Sonneratia alba mangrove plant (leaves) water Ag NP LC50 = 3.14 ppm 101

Bruguiera cylindrica mangrove plant (leaves) water Ag NP LC50 = 8.93 ppm 102

Steochospermum marginatumis brown seaweed water Ag NP 85% of mortality 103

Sargassum myriocystum brown seaweed water Ag NP LC50 = 6.90 µg mL–1 104

Stichodactyla haddoni anemone
secreted mucus 

(adhesive protein)
ZnO NP LC50 = 31.49 µg mL–1 105

Avicennia marina mangrove plant (leaves) water Ag NP LC50 = 4.37 µg mL–1 106

Sargassum muticum brown seaweed water Ag NP LC50 = 35.90 µg mL–1 107

Sargassum wightii seaweed water ZnO NP LC50 = 49.22 µg mL–1 108

Centroceras clavulatum seaweed water Ag NP LC50 = 21.46 ppm 109

ZnO NP: zinc oxide nanoparticle; LC50: 50% lethal concentration; Ag NP: silver nanoparticle; EtOH: ethanol.

Figure 20. Structures of ecdysones zoanthone A (40) and ajugasterone C (41) isolated from Zoanthus spp.
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tested for antibacterial activity against clinical pathogens 
and larvicidal activity against the mosquito A. aegypti. The 
results obtained indicate a higher mortality percentage for 
Ag NPs when compared to the S. myriocystum seaweed 
extracts, yielding an LC50 = 6.90 and LC90: 90% lethal 
concentration = 19.08 µg mL–1 for the Ag NPs, compared to 
the LC50 = 11.81 and LC90 = 29.78 µg mL–1 for the extracts 
of S. myriocystum. In addition, the results indicated that the 
mortality level was higher when the Ag NPs concentrations 
were increased. Therefore, there was a dose-dependent 
response of Ag NPs against A. aegypti larvae.

The biosynthesis of ZnO NPs was reported using adhesive 
protein from the sea anemone Stichodactyla haddoni (ShAp), 
collected from the coastal area in the Ramanathapuram 
district, India, with potential biomedical applications.105 
ShAp-ZnO NPs exhibited significant larvicidal activity 
against the third instar larvae of A. aegypti, with an LC50 of 
31.49 μg mL–1. Also, ShAp and zinc acetate were evaluated 
and showed LC50 41.88 and 149.29 μg mL–1, respectively.

NPs synthesized from mangrove extracts have also 
been evaluated for their activities against DENV-2. 
Murugan et al.102 showed that 30.00 μg mL–1 of Ag NP 
synthesized with extract of the species Bruguiera cylindrica 
(Rhizophoraceae) significantly inhibited the production of 
DENV envelope (E) protein in Vero cells and downregulated 
the expression of the DENV E gene. The same research 
group also evaluated the antiviral activity of Ag NPs 
synthesized with extract of Sonneratia alba (Lythraceae) 
and only 15.00 μg mL–1 of Ag NP was required to strongly 
inhibit the DENV-2 virus with low toxicity to Vero cells.101

8. Conclusions

This review has gathered relevant data from a variety 
of works described in the literature to search for marine 
metabolites with potential activity in the fight against 
Dengue, Zika, and Chikungunya arboviruses. Assays 
against Aedes aegypti larvae were performed on extracts 
and substances isolated from species of different groups 
of marine organisms, showing good results. Mangrove 
plant extracts have been extensively evaluated for the 
same purpose; however, more comprehensive studies are 
needed to assess the activity of isolated substances. Another 
approach well presented and with excellent results was 
the use of extracts from marine organisms in the synthesis 
of nanoparticles with larvicidal activity. Substances from 
marine organisms with activity against DENV, ZIKV, and 
CHIKV viruses were also found mainly in samples of 
microorganisms and algae. The reported works found the 
active potential of substances of marine origin against larvae 
and viruses, are encouraging with respect to their structure 

activity relationship. Since there are no vaccines or specific 
treatments for these viruses, MNPs may become interesting 
candidates for drugs in the future. Furthermore, the gigantic 
marine biodiversity suggests that there is still much to explore 
in aquatic ecosystems, and that, in our view, will lead to 
attractive drug alternatives to help combat arboviruses.

Supplementary Information 

Supplementary information is available free of charge 
at http://jbcs.sbq.org.br as a PDF file.
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