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Mosquitoes are vectors for numerous arboviruses such as dengue, chikungunya, and Zika which continue to negatively impact the
health of Caribbean populations. Within the region, synthetic insecticides are primarily used to control mosquito populations. In
many countries however, these compounds are becoming less effective due to resistance, and they may also be harmful to the
environment. Thus, there is a significant need for the development of alternative agents to combat the mosquito threat in the
Caribbean. Worldwide, botanical-based products are being increasingly investigated for vector control because they are
environmentally friendly and are often highly effective mosquitocidal agents. Although the botanical diversity within the
Caribbean is remarkable, work on plant biopesticides in the region remains limited. The aim of this review, therefore, is to
discuss the use of Caribbean botanical extracts as larvicidal agents. Additionally, we highlight the need for future work in this
area which may subsequently lead to the implementation of transformative public health policies.

1. Introduction

The Caribbean is rich in botanical biodiversity with over
10,000 individual species having been discovered to date
[1]. Located between North and South America, it consists
of three island groups: The Bahamas, the Greater Antilles,
and the Lesser Antilles. The Greater Antilles is comprised
of the islands found in the western regions of the Caribbean
Sea, whereas the Lesser Antilles is a group of smaller islands
forming an archipelago in the eastern Caribbean Sea. The
region has many endemic plants with a rich history of eth-
nomedical uses. Interestingly, many of these understudied
species have phytochemical compositions which may be of
great interest to researchers in the field of tropical medicine.

Although part of the same region, the islands of the
Caribbean vary by geological evolution, and as such, their
flora and fauna differ significantly. Not surprisingly,
endemic plants are most abundant on the larger and more
diverse continental islands of the Greater Antilles such as
Cuba and Hispaniola [2, 3]. As the phytochemical profile
of plants is influenced by factors such as location as well as

environmental stress [4], variations may also be seen through-
out the islands. The most abundant components of the leaf
essential oils of Canella winterana (L.) Gaertn (Canellaceae)
from the Dominican Republic, for instance, were myrcene,
caryophyllene, and cis-ocimene [5], whereas those from the
same plant in Guadeloupe were myrcene, (E)-β-farnesene
and 2,3-methylenedioxy anisole safrole [6]. Likewise, analysis
of the essential oils from Jamaican Hyptis verticillata Jacq.
(Lamiaceae) revealed that the compound aromadendr-1(10)-
en-9-one (30.7%) was the major constituent [7], while a simi-
lar study reported that cadin-4,10(15)-dien-3-one (14.8%) and
isocaryophyllene epoxide (14.4%) were the most abundant
compounds in the Cuban variety [8]. Selective ecological pres-
sures over centuries have led plants to produce secondary
metabolites to combat and defend against herbivorous insects
[9]; therefore, it is not surprising that increased toxic activity is
sometimes observed when local plant extracts are used as
insecticides against some local insect species [10].

In the region, the productivity of many Caribbean terri-
tories has been severely impacted by epidemics of mosquito-
borne diseases caused by arboviruses primarily transmitted
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by Aedes aegypti (Linnaeus) mosquitoes. These include
cyclic outbreaks of dengue, and in more recent years, chik-
ungunya and Zika. The unfortunate lack of effective vaccines
or antiviral agents means that control of the mosquito vector
is of paramount importance. To compound matters, the
existing synthetic insecticides used for mosquito vector con-
trol are becoming less effective coupled with the fact that
they may also cause harm to the environment. In Jamaica,
Ae. aegypti mosquitoes have been found to be resistant to
common insecticides such as permethrin and malathion
[11], and mutations in voltage-gated sodium channels are
thought to be a cause for pyrethroid resistance [12]. Addi-
tionally, resistance in Ae. aegypti mosquitoes to temephos
was observed in Cuba [13] and in the Lesser Antilles where
they were reported to be highly resistant to dichlorodiphe-
nyltrichloroethane (DDT) [14]. Due to increasing worldwide
use, there is now compelling evidence that botanical-based
substances possess potent mosquitocidal properties [15].
Yet, work in this area in the region remains limited as these
agents continue to be used primarily as mosquito repellents
and not for their mosquitocidal activity. The aim of this
review is therefore to discuss studies that have evaluated
larvicidal activity of plants from the Caribbean as well as
to identify research gaps that currently exist in the region.

2. Search Strategy

The scientific databases of PubMed (https://pubmed.ncbi
.nlm.nih.gov/ (accessed on 25 February 2023)) and Google
Scholar (https://scholar.google.com/ (accessed on 25 Febru-
ary 2023)) were searched for peer-reviewed literature rele-
vant to this topic. A list of keywords and phrases used to
initiate the searches included “larvicidal essential oils,”
“Caribbean essential oils as larvicides,” and “larvicidal
potential of essential oils”. Articles that involved larvicidal
activity of Caribbean plants were included. The review
focused on English-language papers but also included litera-
ture published in Spanish.

3. Larvicidal Activity of Plants from the
Greater Antilles

Only one island of the Greater Antilles, Cuba, has reported
larvicidal activity of botanical agents. Proactive public health
policies have limited the mosquito threat in that country,
and as such significant interest has been placed on the devel-
opment of alternatives to traditional pesticides [16]. Being
the largest island in the Caribbean, Cuba is also home to a
vast array of unique endemic plant species, and studies have
begun to assess their larvicidal potential. The essential oils
from the leaves of Eugenia melanadenia Krug & Urb. var.
melanadenia (Myrtaceae) and Psidium rotundatum Griseb
(Myrtaceae) both Cuban endemic plants, were investigated
against an Ae. aegypti reference laboratory strain from the
Caribbean epidemiology centre for larvicidal activity [17].
The LC50 and LC95 values for E. melanadenia were
0.0085% and 0.0104%, while that of P. rotundatum were
0.0063% and 0.0071% [17] (Table 1). According to Komala-
misra et al., essential oils with LC50 values between 50 and

100 ppm are considered effective, while those with LC50
values under 50 ppm are highly effective [18]. As such, both
oils can be classified as effective larvicidal agents. Although
phytochemical analysis was not done in this study, other
researchers have demonstrated that the major chemical
constituents of E. melanadenia were 1,8-cineole (45.3%),
terpinen-4-ol (10.6%), p-cymene (8.2%), P-eudesmol (7.0%),
and a-terpineol (6.7%) [19]. Interestingly, work performed in
Egypt showed that 1,8-cineole was an ineffective larvicide
against another mosquito species, Culex pipiens (Linnaeus)
[20]. Other studies have also suggested that 1,8-cineole has
low larvicidal activity against Aedes aegypti [21]. In contrast,
terpinen-4-ol was shown to have significant larvicidal activity
against both Anopheles and Culex species [22] in India.
Similarly, chemical analysis of P. rotundatum revealed that
α-pinene (18.3%) and 1,8-cineole (28.0%) were its major com-
ponents [23]. In studies conducted in Lebanon, α-pinene was
shown to possess potent larvicidal activity against the Cx.
pipiens [24]. Therefore, the larvicidal activity demonstrated
by both plants could be a result of synergistic effects of the
chemical constituents.

Leyva et al. assessed the effect of the essential oils from
Piper auritum H.B.K (Piperaceae), Pimenta racemosa (Mill.)
J. Moore (Myrtaceae), Chenopodium ambrosioides L. (Amar-
anthaceae), and Piper aduncum L. (Piperaceae) against the
established Ae. aegypti Rockefeller laboratory strain [25]. Piper
auritum, P. racemosa, andC. ambrosioideswere highly effective
larvicides with LC50 values below 50ppm, while P. aduncum
can be classified as effective [25] (Table 1). In the same study,
safrol (93.2%) was identified as the major component of the
essential oils from P. auritum, the most effective oil assayed
in the study. Intriguingly, safrol showed the greatest larvicidal
activity against laboratory strains of both Ae. aegypti and Cx.
pipiens in work conducted in the Republic of Korea [26]. Thus,
these studies suggest that safrol is the active larvicidal agent
from the essential oil of P. auritum.

The essential oil from Pinus tropicalisMorelet (Pinaceae)
referred to as turpentine oil showed significant developmen-
tal inhibition and larvicidal death in Ae. aegypti mosquitoes
[27]. The turpentine oil was reported to have a greater
inhibitory effect on the Ae. aegypti Rockefeller strain when
compared to the “San Miguel del Padrón 2011” Ae. aegypti
field strain from Cuba. The LC50 and LC95 values of the
modified turpentine oil tested against the Rockefeller strain
were 0.0023mg/mL and 0.0043mg/mL, respectively, while
the LC50 and LC95 values against the “San Miguel del Padrón
2011” field strain were 0.0058mg/mL and 0.011mg/mL [27]
(Table 1). These results indicate that turpentine oil is a
highly effective larvicidal agent based on the classification
of Komalamisra et al. [18] and warrant further investigation
of the constituents of the oil. Although chemical analysis was
not performed in the study, reports from Greece suggest that
essential oils from plants of the Pinus genus predominantly
contain the monoterpene compounds α-pinene, β-pinene,
and limonene as well as the sesquiterpenoid compounds ger-
macrene D or β-caryophyllene [28].

Another study from Cuba involved the investigation of the
larvicidal potential of Melaleuca quinquenervia (Cav.) S.T.
Blake (Myrtaceae) against field Ae. aegypti, Aedes albopictus
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(Skuse) and Culex quinquefasciatus (Say). Importantly, M.
quinquenervia essential oil was shown to be a highly effective
larvicidal agent against field mosquitoes and was most prom-
inent against Cx. quinquefasciatuswith relatively low values of
0.0021% and 0.0064% [29]. LC50 and LC90 values obtained
against Ae. aegypti were 0.0047% and 0.014%, respectively,
and Ae. albopictus 0.0049% and 0.0089% respectively [29]
(Table 1). This highlights the fact that some essential oils
may be more effective against some mosquito species when
compared to others. The major chemical components of M.
quinquenervia were shown to be 1,8-cineole, α-pinene,
β-pinene, aterpineol, limonene, and the hydroxylated ses-
quiterpenoid viridiflorol.

Work conducted on the essential oils of Eucalyptus globu-
lus Labill (Myrtaceae) and Bursera graveolens (Kunth) Triana
& Planch (Burseraceae) demonstrated their larvicidal activity
against the Ae. aegypti Rockefeller strain and field strains from
multiple species. Interestingly, the larvicidal activity of E. glo-
bulus was greater against the Ae. aegypti Cuban field strain
when compared to the Ae. aegypti Rockefeller laboratory
strain [10] (Table 1), indicating that in some instances, local
plants may have greater activity against local mosquitoes.
When comparing the activity of the oils against the various
field strains, E. globulus was more effective against Ae. aegypti
and Cx. quinquefasciatus field strain and B. graveolens against
Ae. albopictus [10] (Table 1). These results support the fact
that the activity of the oils varies with mosquito species.
The major constituents of the essential oils from E. globulus
were p-cymene, γ-terpinene and 1,8-cineol, while limonene
and β-elemene were the major components in the essential
oils from B. graveolens [10].

In a similar study, the essential oils from Piper aduncum
subsp. Ossanum (Piperaceae) and Ocimim basilicum L.
(Lamiaceae) were tested for their larvicidal activity against
the Ae. aegypti Rockefeller strain as well as field strains of
Ae. aegypti, Ae. albopictus and Cx. quinquefasciatus [30].
The essential oils from P. aduncum subsp. Ossanum were
most effective against the Rockefeller strain when compared
to the other strains. It was previously reported from other
studies in Cuba that camphor and camphene were the major
components of the essential oils from this plant [31]. On the
other hand, O. basilicum essential oils were most effective
against the Ae. albopictus field strain (Table 1). Phytochem-
ical analysis was not performed; however, reports from
studies conducted in India found that methyl chavicol and
methyl eugenol were the most abundant constituents in the
essential oils of O. basilicum [32]. Further work needs to
be done to determine if the Cuban variety of O. basilicum
also contains similar constituents.

Phytochemical studies on the essential oils from Cro-
ton linearis Jacq. (Euphorbiaceae) revealed the presence
of 1,8-cineole (26.66%), sabinene (9.37%), and 10-epi-γ-
eudesmol (6.83%) as its major constituents [33]. The lar-
vicidal activity of the whole essential oil from C. linearis
was compared to a nanoemulsion preparation of the
same oil. The LC50 and LC90 values for the whole essen-
tial oil were found to be 64:24 ± 0:31μg/mL and 143:85
± 5:23μg/mL, respectively. The nanoemulsion preparation
was more potent than the whole essential oil with a LC50 value

of 17:86 ± 0:11μg/mL and a LC90 value of 62:86 ± 2:18μg/mL
(Table 1) because of increased water solubility resulting in
greater bioavailability [33].

4. Larvicidal Activity of Plants from the
Lesser Antilles

Only two islands of the Lesser Antilles have reported stud-
ies on the larvicidal activity of plants. In Martinique, Alpi-
nia zerumbet (Pers.) B.L. Burtt & R.M.Sm. (Zingiberaceae)
was investigated for its toxic activity against the Ae.
aegypti Société Béninoise d’Electricité strain [34]. Reports
from India have indicated that plant species from the Zingiber-
aceae family are effective insecticides against moths [35]. Of all
the plants of the Alpina genus, this plant is themost common in
Martinique, and the phytochemical composition of its essential
oils is known to vary depending on the geographical location.
Some of the key constituents from the Martinique variety
include terpinen-4-ol (14.7 to 22.6%), p-cymene (2.1 to 8.8%),
γ-terpinene (6.9 to 14.7%), sabinene (7.0 to 16.5%), eucalyptol
(17.4 to 25.2%), and α-terpinene (1.9 to 8.1%) [34]. For the
Cuban variety, Mendiola et al. found that the major chemical
components were the sesquiterpene compound viridiflorol
(32.2%), terpinen-4-ol (14.1%), caryophyllene oxide (6.9%),
and eucalyptol (5.0%) [36]. Essential oils from the flowers of
the plant showed larvicidal activity at a concentration of 1%
(Table 1) against the Ae. aegypti mosquito [34], indicating that
it is not a very effective larvicidal agent. This lack of activity
could be a result of several factors such as the strain that was
tested and the fact that the chemical composition of the essen-
tial oil varies between different plant parts [37]. It should be
noted, however, that in a Brazilian study in which the larvicidal
activity of the leaf essential oils of A. zerumbet were tested
against an Ae. aegypti laboratory strain from Ceará, Brazil, an
LC50 value of 313ppm was reported. Both studies, therefore,
suggest that A. zerumbet essential oil is not very effective when
compared to other leaf oil extracts [38].

In Trinidad, Chariandy et al. investigated the larvicidal
activity of various plants using different solvents to obtain
the plant extracts [39]. Using multiple solvents for extraction
is beneficial as more compounds with varying polarities can
be obtained from the plant. These differing polarities are due
to key structural differences between compounds which may
impact their biological effects. The petroleum ether and ethyl
acetate plant extracts are from Justicia pectoralis Jacq.
(Acanthaceae) were reported to be the most effective
larvicidal agents when compared to Manihot utilissima
Pohl (Euphorbiaceae) and Stachytarpheta jamaicensis Vahl
(Verbenaceae). However, neither LC50 values nor chemical
constituents were reported. The three plants were also
reported to possess growth-retardant properties which would
inhibit the mosquito larvae from progressing further in the
mosquito life cycle. Other phytochemical studies on J. pector-
alis conducted in Brazil revealed the presence of coumarins,
alkaloids, and triterpenoids [40] which are secondary metabo-
lites produced by the plant and may have been responsible for
the mosquitocidal activity observed.
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In another study, conducted in Trinidad, the larvicidal
activity of methanol, acetone, and aqueous leaf extracts of
Cordia curassavica (Jacq.) Roem & Schult (Boraginaceae),
Azadirachta indica A. Juss (Meliaceae), Mangifera indica L.
(Anacardiaceae), Rhizophora mangle L. (Rhizophoraceae),
Avicennia germinans (L.) L. (Acanthaceae), and Languncu-
laria racemosa (L.) C.F. Gaertn (Combretaceae) were evalu-
ated [41]. Of the tested plants, the extracts of C. curassavica
had the lowest LC50 of 758mg/L for the methanol extract,
and the highest was from M. indica with an LC50 value of
greater than 20,000mg/L against the Ae. aegypti larvae
(Table 1). These values suggest that none of the tested
extracts were effective larvicidal agents.

5. Significance of Studies

Although work from only three Caribbean countries has been
reported in this review, it is evident that the use of botanicals
as larvicidal agents is an area that is slowly gaining momen-
tum. Cuba is at the forefront in the region, and multiple stud-
ies evaluating the larvicidal activity of essential oils have been
conducted. Based on the LC50 values listed in Table 1, results
obtained with essential oils are superior to that of other plant
extracts similar to what has been reported elsewhere [42].
Additionally, as seen with studies targeting multiple species
of field mosquitoes, the toxic effects of essential oils vary sig-
nificantly with different mosquito species. Further emphasis
should be placed on investigating combinations of different
oils if targeting multiple species in one area is necessary.

6. Present Applications of Plant
Extracts against Mosquitoes

Over the past hundred years, plant oils have been applied to
the skin to repel insects. This practice is commonplace in the
Caribbean especially during outbreaks of arboviral diseases.
Applying botanical oils to the skin is a simple yet effective
way to deter mosquitoes from biting and would therefore
reduce the incidence of disease spread and contraction.
Other ways people have been taking advantage of plant
aromas are by placing botanical incense around the house-
hold. In the Caribbean, some incenses are made of powder
from the pyrethrum plants and have proven to be very effec-
tive repellents [43]. Nevertheless, the importance of mos-
quito repellents as a measure of mosquito control is often
underscored.

7. Future Work

There is great botanical biodiversity amongst the islands,
and as such, there are many currently undiscovered species
with great potential as mosquitocidal agents. It would be
worthwhile for researchers in the region to delve deeper
and seek to potentially characterize the many plant species
that show prominent toxic effects against the Ae. aegypti
mosquito or any other mosquito species that may pose a
threat. Although this review is focused on larvicidal activity,
even fewer studies have examined the use of botanicals as
adulticides [10, 29]. There is therefore a pressing need for

the evaluation of botanicals as mosquitocidal agents to con-
tinue. Comparative studies between the crude essential oil
extracts and individual isolated compounds from the oils
would give further insight into the specific phytochemicals
responsible for the observed activity. Since there have been
relatively few Caribbean countries involved in these studies,
there are still likely many discoveries left to be uncovered.

In addition, determining the mechanism by which the
oils result in toxicity would be a crucial and necessary step
to fully weaponize the effects of the oils against mosquitoes.
Essential oils are thought to work via multiple mechanisms
including modification of GABA receptors and binding to
octopamine receptors [44]. Current synthetic insecticidal
agents work via many different mechanisms including acetyl-
cholinesterase inhibition (organophosphates) [45] and activity
at sodium-gated channels (pyrethroids) [46]. There is still
much left to learn about how mosquitoes acquire resistance
to these mechanisms and how to combat this issue. Hence,
knowing the mechanisms of action of the oils could further
increase the potency of combined formulations of multiple oils
or oils blended with synthetic insecticides where the toxic
activities would compound to produce synergistic effects.
Chansang et al. elaborated on the significant adulticidal activ-
ity observed against Ae. aegyptimosquitoes when essential oils
were combined with the insecticide pyrethrin [47]. These
methods may become necessary in the future as insecticide
resistance continues to increase in the Caribbean.

As essential oils are known to target mosquitoes in many
different ways [48], future plans for mosquito biocontrol
could encompass the spraying of plant extract formulations
into and around open sources of water. Based on previously
described behaviour of mosquitoes regarding where they are
expected to lay eggs [49], this act could simultaneously
accomplish up to three measures of mosquito biocontrol,
namely, oviposition deterrence, direct ovicidal activity, and
larvicidal activity. Due to the well-described toxic activities
of these plant extracts against mosquitoes, people would be
able to utilize low-concentrated formulations to great effect
with little to no harm to themselves or the environment
[15]. Researchers in the region would therefore need to
investigate chemical formulations that would make this
most feasible.

Lastly, companies in the United States have begun to
market effective household insecticides whose active
ingredients are phytochemicals extracted from plants.
One such instance is the case with the house product
Orange Guard® which contains limonene. To fully benefit
from the larvicidal potential of plant extracts, it is evident
that more translational science needs to be done within
the Caribbean. One way to achieve this is through multi-
disciplinary collaborations between researchers within the
region. Additionally, the support of national, regional,
and international stakeholders is of paramount impor-
tance as financial resources and manufacturing expertise
are needed to bring these discoveries to market. Once
achieved, the next stages in the region should focus on
the development of effective botanical-based household
agents that can be made available to the wider popula-
tions in the Caribbean.
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8. Conclusion

Though limited in number, various studies have been carried
out in many territories within the region. There is now much
evidence to suggest that botanical-based agents can be used as
alternatives to synthetic larvicidal products in the Caribbean.
However, more impetus is still required before the use of these
novel products can begin to be fully actualized and integrated
into vector control programmes in Caribbean societies.
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