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Mosquito-transmitted diseases remain one of the most significant causes of mortality in the African 
continent, despite successes in controlling these diseases in other regions of the world. The 
disproportionate impact in areas of poverty suggests a need for control that is efficient and does not 
require complex technological control strategies. Focusing on the vectors of disease, the mosquito, 
there are many alternatives to synthetic, chemical pesticides that await discovery and development. 
Although some natural products have been described, there is still a need for continuing research that 
incorporates endogenous knowledge in the selection process for potential vector control candidates. 
Recent experiments using natural products are summarized. Ultimately, a paradigm shift in research 
that evaluates natural products in a comparative manner will help to produce new materials for effective 
and efficient control of vectors and thereby achieve sustainable reduction of the impacts from the 
diseases they carry. 
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INTRODUCTION 
 
Despite centuries of efforts to control mosquitoes as a 
part of disease prevention strategies, many regions of the 
world are still struggling to overcome the burdens of 
vector-transmitted diseases. Malaria infects over 300 
million people per year, striking disproportionately in 
areas of poverty and lower economic growth (Sachs and 
Malaney, 2002) and is regarded as one of the top three 
causes of communicable illness worldwide. It has been 
estimated that 1 million children in sub-Saharan Africa die 
each year from malaria (Tolle, 2009). Although recently 
on the decline, mosquito-transmitted filariasis has infec-
ted over 120 million people globally (Michael et al., 1996), 
imparting serious quality of life issues. Dengue virus and 
the resulting severe form of dengue hemorrhagic fever, 
has experienced an expanding geographic range in 
recent decades as the Aedes aegypti vector has returned 
to regions where it was once eliminated (Gubler, 1998). 
This bears troubling concerns for the management of 
Aedes-associated infections such as yellow fever as well 
as for the spread of chikungunya  virus  (Chretien  et  al.,  
 
 
 
*Corresponding author. E-mail: jahardin@email.unc.edu. Tel: 
+1-919-843-2605. Fax: +1-919-843-9407.  

2007). Arboviral encephalitis viruses (including West Nile, 
St. Louis encephalitis, and Japanese encephalitis) have 
been found in North America in the past decade, most 
notably with the spread of West Nile through North and 
Central America (Mackenzie et al., 2004). 

In terms of affecting humanity, malaria alone is esti-
mated to cause 100 million incidences and the asso-
ciated complications in children younger than 5 years in 
sub-Saharan Africa each year (Greenwood et al., 2005). 
The impact upon this demographic group must be consi-
dered astounding. In addition to outright health effects, 
the economic disparities have been calculated in terms of 
average gross domestic product (GDP) to be five times 
lower and yield 2% less annual average growth of GDP in 
areas of endemic malaria (Sachs and Malaney, 2002). By 
contrast, most of the wealthy, developed nations outside 
of Africa have had good success in eliminating malaria 
from within their borders. 

In the historic campaigns to eliminate mosquito-borne 
disease, using malaria as an example, alterations to 
watershed systems on small and large scales have 
provided some success, especially when combined with 
community and individually based interventions such as 
insecticide treated bed nets and quinine medications 
(Utzinger et al., 2001). In consideration with other aspects  
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of a multidisciplinary approach, vector control is one of 
the key components of the Roll Back Malaria Initiative, 
started by the WHO in 1998 to reduce the global malarial 
burden by 2010. It has also been the inspiration for the 
Bite The Bug! Campaign of Islamic Relief and United 
Against Malaria’s efforts in advance of the 2010 World 
Cup in South Africa. 
 
 
CONTROL OF VECTORS 
 
Vector control has experienced a paradigm shift over 
time as public health officials have come to better appre-
ciate the potential applications of natural products in the 
mission of disease control. Certain attributes of insecti-
cides can be described to better define what would make 
an effective control agent, chiefly the toxicity and the 
latency (or residual capacity). In general, these two attri-
butes are typically represented as the main performance 
indices for insecticide evaluation: namely, the LD50 and 
the test period, respectively. Repellents typically provide 
a low toxicity, although preventing a bite by a mosquito is 
a worthy goal in itself, but the duration of effectiveness is 
markedly short. Products that have high toxicity and can 
kill the mosquito are often highly desirable but can come 
with associated non-target costs. It has been argued that 
both increased toxicity and prolonged latency in combi-
nation would provide the most competitive approach to 
mosquito control (Shaalan et al., 2005), but for reasons of 
resistance evolution (see below), this may not always be 
the case. In practice, it has been noted that the syner-
gistic effects of compounds through using mixtures has 
been effective both in efficacy and resistance (Isman, 
1997). Pyrethroid chemicals, which were originally utili-
zed as compounds extracted from the flowers of Chrys-
anthemum coccineum L. and C. cinerariifolium (Trev.) 
Bocc., are now available as synthetic chemicals, for 
example, permethrin. However, the zeal for a reductionist 
approach that indentifies the primary active agents and 
attempts to synthesize a chemical isomer may miss the 
potential for control strategies that are functional and 
available to a broader contingent of society. 
 
 
MODES OF ACTION AGAINST SPECIFIC LIFE 
STAGES 
 
Adult 
 
Because the adult female mosquito is biting the host in 
search of blood when transmitting these diseases of 
concern, personal protection through this route has long 
been considered an important concern for the individual. 
Plant essential oils have been indicated to function 
through repellency of adult females, thereby preventing 
the biting activity that spreads disease. Unfortunately, 
many of these types of natural repellents  are  irritating  to  

 
 
 
 
the skin, have unacceptable odors, or generally provide a 
limited duration of effectiveness (Barnard, 1999). The 
most durable and protective repellent compound avail-
able on the market, N,N-diethyl-3-methylbenzamide 
(DEET), has proven effective over the past several 
decades of commercial use although misuse can impart 
undesirable side-effects (Fradin, 1998; Fradin and Day, 
2002). Due to the need for repeated applications as 
repellents lose effectiveness over time, these do not 
provide sustainable approaches for the global consi-
derations of control or rolling back of mosquito-borne 
diseases. Far more cost effective in reducing the inci-
dence and transmission of malaria by adult mosquitoes 
are the insecticide-treated bed nets that play a prominent 
part of the strategies for Roll Back Malaria (Tolle, 2009). 
Permethrin-treated bed netting serves as a cornerstone 
of prevention in current strategies, luring mosquitoes to 
the individual sleeping under the net and killing the vector 
with contact insecticide. These approaches serve both 
the community and the individual when deployed on a 
broad basis. It is not common, however, to find effective 
products that work against all life stages, probably due to 
the high degree of separation in the life cycle between 
the mobile, nectar- and blood-feeding adults and the 
aquatic, filter-feeding larvae. 
 
 
Larval 
 
Focusing mosquito reduction efforts on the larval stage 
has the advantage of controlling the vector prior to dis-
persal or acquisition of the disease and interrupting the 
life cycle before it can cause harm. Although new syn-
thetic chemicals have not yet impacted the market, there 
are a number of chemicals available to target mosquito 
larvae, including organophophates such as temephos 
and insect growth regulators (IGRs) like methoprene 
(Rose, 2001), although resistance has been found to 
each of these in the field (Dame et al., 1998; Raymond et 
al., 2001). 

Biological control of mosquito larvae has been mana-
ged through the use of vertebrate predators in the 
example of the mosquito fish, Gambusia affinis, which 
have met with a range of results. There have been 
studies indicating both positive and negative results from 
mosquito fish, with intraguild predation occurring as the 
exotic fish consume native aquatic predators of the 
mosquito and thereby fail to achieve desired control 
(Bence, 1988). Other biological control methods are 
reviewed in Legner (1995), although some recent work 
on invertebrate predatory beetles (Culler and Lamp, 
2009) has focused on utilizing conservation biological 
control efforts that enhance the impacts of native species. 
Use of bacterial toxins in the form of Bacillus sphaericus 
and Bacillus thuringiensis var. israelensis have also 
proved efficacious against larvae (Fillinger et al., 2003), 
while relatively non-toxic to the surrounding environment. 



 
 
 
 
NATURAL PRODUCTS WITH NOTED LARVICIDAL 
ACTIVITY 
 
Neem 
 
Extracts from the seed oil of the neem tree Azadiracta 
indica, A. Juss. have a number of biologically active 
compounds that have been shown to be effective against 
mosquitoes as well as other insects. Neem oil has a 
known function as an antifeedant, preventing feeding 
activities via chemoreception likely due to volatile, 
organic components (Schmutterer, 1990) and also as a 
disruptor of endocrine function, acting as an insect 
growth regulator and thereby causing developmental 
aberrations (Mordue (Luntz) and Blackwell, 1993). The 
active compound azadirachtin A is a triterpenoid (Ley et 
al., 1993), although synergistic effects of other 
compounds should not be overlooked. Extraction of 
azadirachtin for the purposes of an insecticide typically 
utilize the seed kernel, although it is often necessary to 
blend the product with additional emulsifiers to formulate 
for dispersal in water. Neem oil formulations combined 
with polyoxyethylene ether, sorbitan dioleate and 
epichlorohydran were shown to be effective against 3rd 
and 4th stage larvae in field studies undertaken in India 
(Dua et al., 2009). Reports on neem usage in Central 
Northern Nigeria have indicated the utility of this natural 
product against a number of pests, including weevils, 
scale insects and root disease agents (Salako et al., 
2008). Non-target effects against aquatic invertebrates 
such as mayflies have been reported to be minimal for 
short terms exposures at the defined environmental 
exposure concentrations used for evaluation of forest 
insect pests (Kreutzweiser, 1997). 

Efficient production methods have presented a 
challenge to the widespread adoption of neem, however 
there exists evidence that low cost, local production 
methods might be feasible for larval control in villages 
(Gianotti et al., 2008). Ultimately, the development of 
neem extracts against mosquito vectors of human 
disease will depend on the simplification of current tech-
nological constraints that address the issues of produc-
tion and distribution of this compound (Isman, 1997). 
 
 
Essential oils and other plant extracts 
 
The use of plant extracts to control parasitic infections 
has been a strong interest of researchers around the 
globe, carrying the potential for development of alter-
native control strategies. In selecting plants to test as 
agents against mosquitoes, it may be useful to include 
endogenous knowledge about plant resources. Including 
plants which have been used as traditional medicines 
allows researchers to incorporate the observations of a 
wider variety of experiences. While plant selection should 
draw from a broader inventory, standard testing regimens  
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for potential  insecticides  should  be  utilized  by  resear-
chers in order to produce results that facilitate compa-
rative analyses (CTD/WHO PES/IC, 1996; WHO CDS/ 
WHO PES, 2005). It is important that these efforts 
include careful analysis of the solvents used in the 
extraction or re-suspension process to ensure that ade-
quate controls exist for comparison between the active 
compounds and the solvent (Zahir et al., 2009). Utilizing 
endogenous knowledge concerning plants with traditional 
medicinal value has proven fruitful in identifying potential 
sources of phyto-extracts with insecticidal activity 
(Rahuman et al., 2009b), There have been many 
attempts to assay the activity of particular plant extracts 
against vectors of human disease, in particular through 
the utilization of plants for which such knowledge exists 
(Mathew et al., 2009). Recent studies using these appro-
aches have yielded some promising plants with larvicidal 
activity (Table 1). Essential oils that have indicated adult 
repellency have also been shown to function as larvi-
cides, indicating a cross-functional potential for utilizing 
these natural products (Zhu et al., 2008) (Table 2).  

Products have been created from combinations of 
various plant extracts including aromatic extracts, edible 
oils and other essential oils that have shown some via-
bility as a larvicide against Culex mosquitoes, e.g. Akse 
Bio2 (Cetin et al., 2004). When specific solvents are 
revealed through preliminary screenings to extract 
biologically active compounds, it is important to recognize 
that complex mixtures of plant extracts may provide the 
activity observed (Elango et al., 2009). These screening 
studies can provide new resources for more complete 
examinations, once the appropriate sources and solvent 
extraction techniques have been identified (Yang et al., 
2004).  

The diversity of plant resources that exists in the tro-
pics indicates the need to continue the search for effec-
tive control agents derived from natural products. The 
cross-species interactions that occur in these regions 
promote diversity (Dobzhansky, 1950) that may be useful 
to harness in controlling diseases that now persist 
primarily in those same regions. This is not to say that the 
solutions would necessarily exist contemporaneously to 
the problems, indeed certain natural reservoirs may be 
continents away from the diseases they might help 
control. It is the potential for biotic interactions to exceed 
abiotic pressures in directing the evolution of specific bio-
chemical pathways and products that might be useful 
when harnessed against disease carrying pests. 
 
 
EVOLUTION OF RESISTANCE 
 

The finding of field populations exhibiting high levels of 
resistance to pyrethroid, carbamate and organophos-
phorus insecticides creates concern for the sustainability 
of current control practices and threatens the attempts to 
further increase vector control. The consequences of 
mosquito resistance to pesticides can include resurgence  
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Table 1. A review of natural products recently evaluated for activity in controlling mosquito larvae. 
 

Natural product examined Preparation source, 
solvent 

Active amount for 
LC50 ± SE (ppm) Larval species tested Reference source 

Achyranthes aspera L. (Amarantaceae) Leaf extract, ethyl acetate 48.83 ± 3.43 Aedes subpictus (Zahir et al., 2009) 
Anisomeles malabarica (L.) Sims. (Lamiaceae) Leaf extract, chloroform 135.36 ± 8.77 A. subpictus (Zahir et al., 2009) 
Gloriosa superba L. (Liliaceae) Flower extract, methanol 106.77 ± 7.30 A. subpictus (Zahir et al., 2009) 
Ricinus communis L. (Euphorbiaceae) Leaf extract, methanol 102.71 ± 7.27 A. subpictus (Zahir et al., 2009) 
Aegle marmelos (Linn.) Correa ex Roxb (Rutaceae) Leaf extract, ethyl acetate 167 ± 10.39 A. subpictus (Elango et al., 2009) 
Andrographis paniculata (Burm.f.) Wall ex. Nees. (Acanthaceae) Leaf extract, hexane 67.24 ± 5.13 A. subpictus (Elango et al., 2009) 
Cocculus hirsutus (L.) Diels (Menispermaceae) Leaf extract, methanol 142.83 ± 10.96 A. subpictus (Elango et al., 2009) 
Eclipta prostrata L. (Asteraceae) Leaf extract, ethyl acetate 78.28 ± 5.49 A. subpictus (Elango et al., 2009) 
Clitoria ternatea L. (Fabaceae) Seed extract, methanol 116.8 Anopheles stephensi (Mathew et al., 2009) 
C. ternatea  seed extract, methanol 148.2 Culex quinquefaciatus (Mathew et al., 2009) 
C. ternatea Seed extract, methanol 195.0 Aedes aegypti (Mathew et al., 2009) 
Cedrus deodara Roxb. Loud (Pinaceae) Stem bark, methanol 95.19 ± 8.25 C. quinquefaciatus (Rahuman et al., 2009b) 
N. tabacum L. Solanaceae Leaf extract, hot water 76.27 ± 5.24 C. quinquefaciatus (Rahuman et al., 2009b) 
Canna indica L. (Cannaceae) Leaf extract, methanol 69.76 ± 4.91 C. quinquefaciatus (Rahuman et al., 2009a) 
Ipomea carnea Jacq. spp. Fistulosa Choisy (Convolvulaceae) Leaf extract, hot water 41.07 C. quinquefaciatus (Rahuman et al., 2009a) 

 
 
 
of disease in areas where success had been 
achieved (Pimentel et al., 1992) and serve to 
highlight the concern for finding alternative control 
technologies. Results that indicate the delay of 
resistance evolution when compounds are mixed 
as compared to single, purified compounds (Feng 
and Isman, 1995), shows that natural products 
might be favorable to reducing resistance evolu-
tion. Metabolic mediation of insecticide effects has 
been known at the cellular level from a number of 
studies. One of the earliest types of known 
resistance development was shown in resistance 
to organo-phosphates that had once been effec-
tive in mosquito control, via acetylcholinesterase 
insensitivity (Takahashi and Yasutomi, 1987). 
Cytochrome P450-dependent monoxygenases 
have been implicated as a mechanism of resis-
tance to pyrethroids, with measurements showing 
over-expression of certain of these genes in highly 

resistant field populations (Müller et al., 2008). 
This indicates that more caution is warranted in 
the widespread application of synthetic pesticides. 
Although there are indications that mutations in 
resistance genes are generally rare within popula-
tions, there are concerns about the extent to 
which these genes can be spread into new popu-
lations as well as the selection pressures exerted 
by overuse of pesticides (Pasteur and Raymond, 
1996).  

In addition to risks of pesticide resistance, over-
use of insecticides can introduce both acute and 
chronic health risks to applicators, alter the 
composition of native predators and impair the 
productivity of agriculture (Pimentel et al., 1992). 
Anti-mosquito campaigns in history have had 
success in altering watershed characteristics, 
including draining swamps, modification of river 
boundaries and vegetation clearing, but there are 

other environmental costs to the freshwater eco-
system associated with these types of alterations 
to the landscape. Given the importance of the 
global productivity of freshwater ecosystems, 
estimated at over $6 trillion/year (Dudgeon et al., 
2006), appropriate consideration to both positive 
and negative impacts of such approaches should 
be considered. For these reasons it would be 
beneficial to explore the potential variety of natural 
and synthetic control technologies that can be 
utilized in reducing vector prevalence with a mind 
to limiting the impacts of disease. 
 
 
RESISTANCE BY THE PARASITE TO DRUGS 
 
Emergence of multi-drug resistance by the Plas-
modium parasite has prompted demand for 
alternative treatment  methods  using  artemisinin- 
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Table 2. A summary of essential oils recently evaluated for activity in controlling mosquito larvae. 
 

Essential oil source 
in plant 

Larvicidal activity for 
LT50 @ 200 ppm (h) Larval species tested Reference 

6.32 ± 0.75 Aedes aegypti 
9.28 ± 2.93 Aedes albopictus Curcuma longa L. 

(Zingiberaceae) 
0.90 ± 0.02 Culex pipiens 

(Zhu et al., 
2008) 

1.12 ± 0.39 A. aegypti 
0.85 ± 0.39 A. albopictus Eucalyptus citriodora 

Hook. (Myrtaceae) 
0.12 ± 0.04 C. pipiens 

(Zhu et al., 
2008) 

1.06 ± 0.11 A. aegypti 
1.82 ± 0.06 A. albopictus Santalum album L. 

(Santalaceae) 
1.55 ± 0.07 C. pipiens 

(Zhu et al., 
2008) 

1.09 ± 0.11 A. aegypti 
11.04 ± 3.28 A. albopictus Cinnamomum cassia 

L. (Lauraceae) 
3.12 ± 0.18 C. pipiens 

(Zhu et al., 
2008) 

 
 
 
based drugs. Manufactured from the annual wormwood 
(Artemisia annua L.), or also semi-synthetically derived, 
this class of drugs has been highly efficacious against 
drug-resistant malaria parasites (Brisibe et al., 2008). 
Natural products may also provide novel methods to 
control the parasite within the human body, including 
through dietary strategies that alter the interaction of 
malaria with hemoglobin (Jackson, 1990).  
 
 
CONCLUSIONS 
 
The use of natural product chemistry that reduces mos-
quito populations at the larval stage can provide many 
associated benefits to vector control. The selection of 
natural products that limit the environmental impacts of 
pesticides due to shorter latency may be beneficial in 
preventing the evolution of resistance. In addition to 
addressing the needs for treatment of water near human 
habitation, natural products utilized as mosquito insecti-
cides may provide a useful tool to promote localized 
control of persistent vector-borne diseases.  
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