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Abstract: Amongst other botanical sources, Annona muricata L., Annonaceae, seeds 
and Piper nigrum L., Piperaceae, fruits are particularly enriched with acetogenins 
and piperine-related amides, respectively. These crude ethanolic extracts are potent 
bioactives that can kill Aedes aegypti larvae (dengue fever mosquito). A. muricata 
displayed a 93.48 μg/mL LC50 and P. nigrum an 1.84 μg/mL LC50. An uncommon 
pharmacognostical/toxicological approach was used, namely different combinations 
of both extracts to achieve an improved lethal effect on the larvae. The independence 
test (χ²) was utilized to evaluate the combination of the two crude extracts. All of the 
tested combinations behaved synergistically and these novel results were attributed 
to the completely different biochemical mechanisms of the differentiated chemical 
substances that were present in the two botanical sources. Besides the two above 
selected plants, Melia azedarach L., Meliaceae, Origanum vulgare L., Lamiaceae, and 
Ilex paraguariensis A. St.-Hil., Aquifoliaceae, in order of decreasing toxicity, may also 
be sought as potential extracts for the sake of synergic combinations. 

Keywords:
Aedes aegypti

Annona muricata
Piper nigrum

acetogenins
piperine

synergism

Introduction

 Two and half billion people live in areas 
where there is a risk of transmitting the dengue fever 
viruses I to IV, a disease that is spread by the mosquito 
vector Aedes aegypti. Each year, there are 50 million 
dengue infections that are either estimated or notified, 
and these infections occur primarily in the Americas, 
Africa, the Western Mediterranean, South East Asia and 
the West Pacific. The vector A. aegypti was eradicated 
in the Americas during the 1960s and early 1970s but 
the subsequent reinfestation has become apparent by 
the outbreaks that occurred in 1998, 2002 and 2008. 
In 2002 alone, more than one million cases of dengue 
were reported (WHO, 2009).
 The causes of this dengue emergency are both 
social and demographic; the population increase and its 
circulation in urban areas have resulted in the disordered 
formation of shantytowns and settlements, which lack 
nearly all basic sanitation. In addition, dengue outbreaks 
have resulted from a reduction in epidemiological 
surveillance and from the progressive resistance of the 
vector mosquito to several chemical insecticides (Brogdon 

& McAllister, 1998; Guzman & Kouri, 2003; Guzmán 
& Kourí, 2004; Lima et al., 2003; Macoris et al., 2007; 
Melo-Santos et al., 2010). Therefore, alternative methods 
of vector control have been sought. One such alternative 
method is the use of plants that produces bioactives or 
secondary metabolites that have toxic effects on insects.
 Some plants within the rich Brazilian fl ora are 
expected to have insecticidal properties like the species 
Annona muricata L., Annonaceae. This species is known 
as soursop or as “graviola” in Brazil and it represents 
a source of acetogenins. These compounds are derived 
from long chain fatty acids (32 or 34 carbons) and 
combined with 2-propanol before a terminal unsaturated 
γ-lactone and various alkane chain modifi cations, such 
as hydroxyl and tetrahydrofuran groups, are incorporated 
(Gu et al., 1995). Acetogenins act as pesticides on several 
arthopodes what is based on a specifi c mechanism that 
blocks energy generation in the mitochondrial complex 
I. Another species, Piper nigrum L., Piperaceae, 
which is commonly used as black pepper, contains a 
series of amides also possessing  insecticidal potential 
such as piperine, pipercide, guineensine, pellitorine, 
pipgulzarine and pipzorine (Park et al., 2002; Siddiqui et 
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al., 2004; Siddiqui et al., 2003). Ilex paraguariensis A. 
St.-Hil., Aquifoliaceae, which is known as “erva-mate”, 
biosynthesizes methylxanthines or puric alkaloids which 
act as defense mechanism against insects and  molds 
(Ashihara et al., 2008; Cardozo Jr et al., 2007; Jacques et 
al., 2008). Melia azedarach L., Meliaceae, which is known 
as the Chinaberry tree, “santa-bárbara” or “cinamomo”, 
produces bitter triterpenoids called limonoids and these 
compounds inhibit chitin biosynthesis and therefore 
block the development or renewal of the exoskeleton 
during the insect morphogenetic cycle (Cronquist, 1988; 
Kumar et al., 1996; Wandscheer et al., 2004). The species 
Origanum vulgare L., Lamiaceae, is rich in p-cymene 
and in the phenolic derivatives carvacrol and thymol, the 
later ones being toxic to Culex pipiens mosquito larvae 
(Arcila-Lozano et al., 2004).
	 Our previous research has shown that seed 
acetogenins from A. muricata can successfully kill 
pests such as the caterpillars Anticarsia gemmatalis 
and Pseudaletia sequax (Fontana et al., 1998) of soy 
(Glycine max (L.) Merr, Leguminosea), and wheat 
(Triticum vulgare Vill, Poacea), respecetively. We also 
described the seed limonoids from Melia azedarach 
as being toxic to A. aegypti larvae (Wandscheer et 
al., 2004). More recently, our preliminary toxicity 
bioassays against Artemia salina nauplii have 
indicated that simple ethanolic extracts from other 
species of Brazilian flora may kill A. aegypti larvae 
with similar efficiency or even better. Based on this 
result, the current study utilizes an approach which has 
been scarcely reported in the literature, namely, the 
synergistic effect of a combination of phytopesticides 
to A. aegypti mosquito, obtaining them from different 
botanical sources possessing  different mechanisms of 
action.  

Materials and Methods

Plant materials

	 The seeds from the endocarps of the ripe fruits 
of Annona muricata L., Annonaceae, was provided by 
the company Brasfrut® (Feira de Santa, Bahia State, 
Brazil). The ripe and dried fruits of Piper nigrum 
L., Piperaceae, and the dried leaves from Origanum 
vulgare L., Lamiaceae, were purchased at the Municipal 
Market of Curitiba (Parana State, Brazil). The botanical 
identity of O. vulgare and P. nigrum was confirmed by 
pharmacognostic analysis and the material deposited at 
Herboteca Carlos Stelfelld (UFPR), as no 346 and 374, 
respectively.
	 Leaves from Ilex paraguariensis A. St.-
Hil., Aquifoliaceae, were collected in July 2008 in the 
Cocho Grande district of the city of Nova Laranjeiras 
(Parana State, Brazil). The exsicates was deposited in 

the Municipal Botanical Museum of Curitiba herbarium 
under the registration numbers MBM 358115.
	 Ripe Melia azedarach L., Meliaceae, fruits 
were collected from trees in the urban area of the city of 
Curitiba-PR-Brazil in May 2008. The fruits were smashed 
and washed under running water with manual friction to 
remove the pulp, and the de-pulped seeds were air and 
sun dried. A Melia azedarach voucher specimen has been 
previously deposited in the same botanical museum under 
the number MBM 48708. 

Botanical source extraction

	 All of the botanical materials were triturated 
in a commercial Waring blender the maximum speed 
for successive cycles (2 min) and then passed through a 
coarse screen (12 ABNT/ASTM 10 mesh). Each 250 g of 
comminuted plant material was extracted with absolute 
ethanol (five vol.) at the incipient boiling point and was 
then filtered through Whatman n° 3 paper; the residue 
was washed with two vol. of warm ethanol. The solvent 
from each extract was removed in a rotary evaporator 
(Laborota 4000; Heildolph, Germany). The stock 
solutions of all of the crude extracts were normalized to 
50 mg/mL in ethanol, and further dilutions were made at 
the time of the bioassays. 

Reference bioassay and chromatographic compounds

	 Because a standard of annonacin is not 
commercially available, a crude sample of the polar 
acetogenins (pAG) from the A. muricata seeds was 
obtained using 3 vol. of acetonitrile for an overnight 
extraction at 28 °C in a rotator shaker. This acetogenin 
extract was further purified with active charcoal and silica 
gel columns (Fontana et al., 1998). Its LC-MS analysis 
(negative ion) gave the expected major m/z 594.9 peak, 
and the subsequent MS-MS mass spectrum revealed the 
key fragments at m/z 483.4 and 197.2 (Allegrand et al., 
2010). The piperine standard (97% purity) and triolein 
were both purchased from Sigma-Aldrich, St. Louis, 
MO, USA.

Preliminary brine shrimp lethality test (BSLT)

	 To perform a preliminary evaluation of 
the bioactivity and toxicity from all of the selected 
botanical sources and also for the pAG and piperine 
samples, the microcrustaceous Artemia salina nauplii 
were used. A previous eclosion of the eggs (100 mg; 
Maramar Aquacultura Ltda) was obtained in 100 mL 
of artificial seawater (26.3 g NaCl, 0.75 g KCl, 1.47 g 
CaCl2.2H2O, 5.10 g MgCl2.6H2O, 0.08 g NaBr, 0.21 g 
NaHCO3, 6.20 g MgSO4.7H2O, q.s.p. 1 L distilled water, 
final pH adjusted to 8.1) with permanent air bubbling 
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and artificial illumination at 25 oC for 24-36 h. Each 
quadruplicate toxicity bioassay experiment with the 
nauplii was repeated three times for each dose-response 
curve, and six progressive concentrations of each extract 
were tested. The negative and positive controls were run 
with 1% ethanol and thymol (92.5 μg/mL), respectively, 
at a level that corresponded to the diagnostic dose (DD) 
equivalent of twice the concentration of the 99% lethal 
dose (LD99); this level was determined by previous 
laboratory tests. The mortality was recorded after the 
exposition of ten nauplii or 2 mL of bioassay in the 
aforementioned artificial seawater medium for 24 h at 25 
°C, and the corresponding LC50 were determined by the 
PROBIT method (Finney, 1981) using version 17.00.0 of 
the SPSS® Statistic software. 

Aedes aegypti larvae bioassay

	 The “Rockfeller” strain of A. aegypti Linneaus 
1762 (Diptera: Culicidae) was kindly provided by the 
Oswaldo Cruz Institute (Rio de Janeiro State, Brazil) 
from the original collection at the CDC (Center of 
Disease Control, Porto Rico, USA), and the mosquito 
colonies were maintained in the Laboratory of Medical 
and Veterinary Entomology of the Department of 
Zoology of UFPR at 25 °C and 80% relative humidity. 
Adult female mosquitoes were fed on rat blood in 
order to stimulate egg oviposition; the eggs were 
then deposited into filter paper pieces. The layered 
eggs were placed into plastic trays that contained 
bottled mineral water (Ouro Fino®) and an artificial 
diet (Tetramin®), and they were incubated at 28 °C 
with a 12 h photoperiod until the eclosion of the 1st 
instar larvae and their further evolution to the 3rd 
instar stage had occurred. Dose-response curves for 
the crude ethanolic extracts from the A. muricata 
seeds, the P. nigrum fruits and the samples of pAG and 
piperine were obtained using the standard method for 
the larvicidal bioassay as recommended by the World 
Health Organization (WHO, 2005) and employing six 
progressive concentrations for each extract. For each 
bioassay, 1 mL of the ethanolic solution from each 
extract, which had been conveniently prediluted, was 
added to 150 mL of bottled water in a 320-mL plastic 
pot; the solution was assayed as four replicates (three 
sequential repetitions) at 25 °C for a 24 h period of 
exposition and a 12 h photoperiod. The negative control 
was run with 1% ethanol, and the positive controls were 
run with 0.006 μg/mL Temephos Abate® 500E (BASF), 
which is a synthetic organophosporated insecticide; the 
diagnostic dose (DD) was determined for the Rockfeller 
strain (Lima et al., 2003). These mortality analyses and 
the determination of the lethal concentrations were also 
performed using the same above mentioned statistical 
program.

Chromatographic profiling of the crude extracts 

	 The chromatographic profiles that were derived 
from the crude ethanolic extracts of A. muricata and P. 
nigrum were obtained by thin layer chromatography 
in silica gel 60 chromatoplates (Merck) using hexane: 
chloroform: nitroethane: ethyl acetate:acetone:methano
l:acetonitrile:water (12:2:4:4:1:2:1.6:0.1, v/v) as mobile 
phase (Fontana et al., 1998). Hot sulfuric p-anisaldehyde 
was used as the spray for the general constituents of both 
species, and the specific Kedde´s reagent (alkalinized 
3,5-dinitrobenzoic acid) was used for the acetogenins 
from A. muricata. In the TLC procedure, pAG, the 
piperine standard and triolein were used as the reference 
compounds for the acetogenins, piperamides and TAG 
(triacylglycerols), respectively. All of the samples were 
applied in increasing volumes of 1, 10 and 20 μL from 
a stock solution of 10 mg/mL (w/v). The recording of 
differential colors (rose-wine for the acetogenins with 
Kedde´s reagent and purple-violet for triolein and the 
TAG, gray-green for the acetogenins and dark green for 
piperine with the anisaldehyde reagent) was performed 
with a Sony CyberShot camera. The plates were also 
visualized under long-wave UV (365 nm) light in a 
Chromato-VUE® C-70G UV Viewing System just prior 
to the heating step.

Combination of extracts and interaction analysis 

	 Six combinations in pairs of concentrations 
in quadruplicates were used to measure the larvicidal 
effects of the crude ethanolic extracts from A. muricata 
and P. nigrum (100:0.1; 62.5:0.75; 50:1; 37.5:1.25; 
25:1.5 and 75:1.5 μg/mL). The results were evaluated 
by an independence test (χ²). First, the crude extracts 
were individually evaluated in different concentrations 
in order to determine the expected mortality (Mexp) using 
the following equation where  M1 and M2 represent the 
percentages of the separated observed mortalities for 
A. muricata and P. nigrum, respectively (Benz, 1971; 
Koppenhöfer & Fuzy, 2003; Morales-Rodriguez & Peck, 
2009): 

)
100
M1(  MMM 1

21EXP −+= x  

	 The results of the expected and observed 
mortalities from the combinations of two extracts were 
then applied to the following equation to determine the 
value of X²:

 χ² = (MOBS - MEXP)
2

	 The χ² results were compared with the tabulated 
values assuming that the degrees of freedom = 1. Any 

MEXP
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result that was larger than the tabulated value indicates 
that both extracts displayed a non-simple additive effect, 
which was either antagonistic or synergistic. A simple 
additive effect is an expected effect when different drugs 
or extracts are used together. Synergism is defined as an 
effect more than an additive effect and antagonism is less 
than an additive effect (Chou, 2010). For each case of 
non-simple additive effect, the difference between Mobs - 
Mexp was determined and the effect was:

Mobs - Mexp  < 0 (antagonism)
Mobs - Mexp > 0 (synergism)

	 Additionally, a paired t test was performed 
between the values for Mobs  and Mexp to verify that 
the differences were statistically significant at p<0.05 
(Farenhorst et al., 2010) using the previously described 
statistics software. 

Results and Discussion

Preliminary bioactivity screening with Artemia salina 
nauplii

	 A preliminary screen was performed to 
determine the effect of the crude ethanolic extracts from 
the nine different botanical sources on Artemia salina 
nauplii lethality. The overall results revealed the presence 
of the three following groups of positive responses: a) 
Piper nigrum and Annona muricata displayed the lowest 
LC50 at 2.78 (2.31-3.61) and 10.20 (7.52-13.77) μg/mL, 
respectively; b) Melia azedarach and Origanum vulgare 
displayed an intermediate LC50 of 71.90 (55.44-92.89) 
and 122.32 (88.06-170.82) μg/mL, respectively; and c) 
the LC50 value of Ilex paraguariensis was not considered 
for the progressive work because at >1000 μg/mL, they 
were above the normal limit (Meyer, 1982).
	 In order to proceed with the experiments on A. 
aegypti larvae lethality and the related chromatographic 
profiles, we selected the two crude extracts that displayed 
the greatest activity against Artemia salina, A. muricata 
and P. nigrum.

Aedes aegypti larvae lethality bioassays and 
chromatographic profiles of the extracts

	 The lethal concentrations of the A. muricata 
crude extracts and pAG on the A. aegypti larvae 
and Artemia salina nauplii are shown in Table 1. 
The observed effects were expressed as LC (lethal 
concentration) and were obtained by a Probit analysis 
within a 95% confidence limit. 
	 Two previous reports measured an LC50 of 60 
(50-70) and 900 (380-1300) μg/mL, respectively, for A. 
muricata extracts toward the 4th instar A. aegypti larvae 

(Bobadilla et al., 2005; Henao et al., 2007). Further, if 
the extract was initially defatted with hexane, the LC50 
was found to be 74.68 μg/mL, and the instar stage of the 
mosquito larvae was irrelevant (Morales et al., 2004). 
Therefore, our results are more similar to the results 
of Bobadilla (2005) and Morales (2004). However, 
the activity of the A. muricata ethanol extracts against 
Artemia salina resulted in an LC50 of 0.49 μg/mL for the 
leaves and 210 μg/mL for the seeds (Luna et al., 2006; 
Rojas et al., 2004). Therefore, our seed preparation was 
21 times more potent than the published values. Annona 
squamosa is richer in squamocins (Araya et al., 2002), 
i.e., acetogenins other than annonacin, which is the 
major acetogenin from A. muricata. The crude methanol 
extracts that were prepared from the different botanical 
parts of Annona squamosa were previously evaluated, 
and an LC50 of 6.35, 1.49 and 0.15 were found for the 
stem bark, leaves and seeds, respectively (Pisutthanan et 
al., 2004).

Table 1. Lethal concentrations (μg/mL) of the ethanolic crude 
extracts of Annona muricata seeds and pAG on the Aedes 
aegypti 3rd instar larvae and Artemia salina nauplii.

Aedes aegypti Artemia salina

Crude extract pAG Crude extract pAG

LC2 7.74 
(2.43-14.88)

0.01 
(0.00-0.01)

2.27 
(1.06-3.52)

0.36 
(0.08-0.56)

LC10 19.75 
(8.91-31.08)

0.03 
(0.02 -0 .05)

3.99 
(2.32-5.63)

0.52 
(0.19-0.72)

LC25 41.27 
(24.63-55.78)

0.14 
(0.09-0.19)

6.23 
(4.16-8.37)

0.68 
(0.36-0.92)

LC50 93.48 
(73.97-109.74)

0.65 
(0.48-0.87)

10.20 
(7.52-13.77)

0.92 
(0.64-1.37)

LC90 442.37 
(334.94-709.80)

12.76 
(8.01-23.21)

26.08 
(18.60-44.26)

1.65 
(1.17-4.68)

LC95 687.43 
(476.23-1300.86)

29.69 
(26.99-61.54)

34.03 
(23.30-63.59)

1.94 
(1.33-6.97)

LC99 1571.11 
(914.32-4082.11)

144.63 
(68.72-388.47)

56.06 
(35.03-127.32)

2.64 
(1.65-14.93)

NOTE: The dose-response curves are from six different concentrations and n = 

40 for brine shrimp or n = 80 for A. aegypti, the values in parentheses represent 

the confidence interval determined by the PROBIT method with 95% confidence, 

positive controls = 100% mortality, and ethanol = negative controls (2% v/v) with 

0% mortality.

	 Figure 1 shows the chromatographic profiles 
of the crude extract from A. muricata and the purified 
sample of pAG. The chromatoplate A (left) shows the 
general profile of the constituents. This clearly revealed 
predominant purple-violet TAG spots at Rf 0.95 (which 
was nearly absent in the sample of pAG that was 
previously purified in active charcoal and on silica gel 
columns) and lesser amounts of the acetogenin family 
members, which have a gray-greenish color at Rf 0.67, 
0.41, 0.32 and 0.17; the third band is annonacin because 
this acetogenin is the major form in A. muricata seeds 
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(Champy et al., 2002; Champy et al., 2005). Plate B 
(right) used Kedde’s reagent for the specific detection of 
unsaturated lactones. The acetogenins, which showed a 
strong rose-wine reaction, confirmed the aforementioned 
interpretations, and due to the selectivity of the reagent, 
the sample overload facilitated the detection of the 
minor pAG contaminants with the other acetogenins (for 
example, one was present at Rf 0.74). 

Figure 1. Thin layer chromatograph of the ethanolic crude 
extract and pAG of A. muricata and the triolein standard. A. 
Hot sulfuric p-anisaldehyde; B. Kedde’s reagent.

	 By comparing the bioactivities of the crude 
ethanolic extract from A. muricata and the pAG sample, 
it is clear that the activities increased for both A. aegypti 
and Artemia salina shrimp. The pAG LC50, which is the 
standard parameter of lethality, only increased 11 fold. 
The increase in pAG activity is due to the enrichment in 
acetogenins as observed in the chromatographic profile. 
	 The efficient mechanism of action of 
acetogenins in several cell and tissue models is explained 
by the specific inhibition of mitochondrial respiration 
at complex I. Therefore, the inhibition of NADH: 
ubiquinone oxyreductase blocks the mitochondrial 
oxidative phosphorylation; the blocking of the electron 
transport prevents the conversion of ADP and Pi into ATP 
(Carmen Zafra-Polo et al., 1998; Fontana et al., 1998; Gu 
et al., 1995).
	 The lethal concentrations of P. nigrum crude 
extracts and piperine on A. aegypti larvae and Artemia 
salina nauplii at a 95 % confidence limit are shown in 
Table 2.
	 The ethanol crude extract from the unripe P. 
nigrum fruits has previously been tested against the 
3rd instar larvae of A. aegypti that are resistant to the 
pyrethroid cypermethrin with an LC50 value of 0.98 
μg/mL (Simas et al., 2007). The ethanolic extracts of 
three other species of Piperaceae were tested against the 
A. aegypti 4th instar larvae, and the LC50 results were 
higher than those found for P. nigrum. The results were 
as follows: P. longum, 2.23 (2.11-2.37); P. ribesoides, 

8.13 (7.84-8.42); and P. sarmentosum, 4.06 (3.68-4.43) 
μg/mL (Chaithong et al., 2006).
	 Figure 2 shows the chromatographic profiles for 
the crude extracts of P. nigrum and the piperine standard. 
Both plates were treated with hot sulfuric p-anisaldehyde 
to obtain the general profile of the constituents. Plate A 
corresponds to the immediate UV-365 nm observation 
after the anisaldehyde spray, and plate B was visualized 
after the subsequent heating step.

Table 2. Lethal concentrations (μg/mL) of the ethanolic crude 
extracts of P. nigrum fruits and Piperine on A. aegypti 3rd instar 
larvae and Artemia salina nauplii.

Aedes aegypti Artemia salina

Crude extract Piperine Crude extract Piperine

LC2 0.96 
(0.82-1.06)

1.09 
(0.31-1.89)

0.35 
(0.22-0.46)

0.73 
(0.56-0.99)

LC10 1.22 
(1.10 -1.32)

2.15 
(0.96-3.22)

0.76 
(0.60-0.90)

1.60 
(1.21-1.98)

LC25 1.49 
(1.39-1.57)

3.67 
(2.21-5.20)

1.40 
(1.22-1.62)

2.97 
(2.43-3.68)

LC50 1.84 
(1.76-1.95)

6.65 
(4.67-10.50)

2.78 
(2.31-3.61)

5.92 
(4.66-8.25)

LC90 2.77 
(2.53-3.15)

20.59 
(12.41-62.35)

10.18 
(6.85-18.94)

21.90 
(14.10-43.68)

LC95 3.11 
(2.79-3.62)

28.37 
(15.81-107.00)

14.72 
(9.27-30.46)

31.73 
(19.13-70.66)

LC99 3.86 
(3.36-4.72)

51.77 
(24.61-298.13)

29.37 
(16.33-74.42)

63.62 
(33.80-174.75)

NOTE: Dose-response curves with six different concentrations and n = 40 for 

brine shrimp or n = 80 for A. aegypti, the values in parentheses represent the 

confidence interval determined by the PROBIT method with 95% confidence, 

positive controls = 100% mortality, and ethanol = negative controls (2% v/v) with 

0% mortality.

Figure 2. Thin layer chromatography of the ethanolic crude 
extracts of P. nigrum and piperine and the triolein standard. A. 
UV-365 nm inspection immediately following the anisaldehyde 
spray; B. after chromatoplate heating.

	 Plate A (left) revealed the strong green 
fluorescence of piperine (Rf 0.60) in the crude ethanolic 
extract of P. nigrum. This same color pattern was 
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observed for the Rf 0.46 component, which is possibly 
another piperamide. Other components that had higher 
and lower Rf were also visible, but they displayed different 
fl uorescent colors, such as orange, blue and red. In plate 
B (right), the violet spots that are related to the high-
Rf (0.95 and 0.87) lipids (e.g., TAG) were visible after 
heating. Piperine was the main component and displayed 
a green-brown color and, again, the component at Rf 0.46 
displayed the same color hue as that of piperine.
 Regarding the larvicidal bioactivities from 
the crude ethanolic extract of P. nigrum and the 
piperine standard, we noticed that the heterogeneous 
extract, i.e., piperine along with several other minor 
components, was more active than the pure piperine 
standard (3.6-fold and 2-fold for the two bioassay 
models, respectively). Therefore, because the Rf 0.46 
component reacted much like piperine to both sprays, 
the above referred minor components may explain 
this unforeseen result of the higher larvicidal effect. 
For example, because piperine is an amide that lacks 
the isobutyl substituent. the previous studies have 
suggested the presence of several other bioactive 
compounds in P. nigrum; such compounds could include 
the isobutylamides retrofractamide A, pipercide, 
guineensine and pellitorine (Park et al., 2002). 
 The mechanism of the action of piperine, 
which is similar to piperamides, is exerted at the 
level of the enzyme cytochrome P450 at the MDP 
(methylenedioxyphenyl) group, and its amide group is 
essential for the neurotoxin activity (Scott et al., 2003,; 
2008).
 When both of crude extracts from A. muricata 
and P. nigrum were compared and based on the LC50 for 
the A. aegypti 3rd instar larvae, the former was 51 times 
more potent than the latter (Tables 1 and 2); this effect 
was reduced to 16-fold in the case of LC10 and increased 
to 407-fold for LC99. It is noteworthy that the LC50 for 
the P. nigrum crude extract was only four times more 
potent than the A. muricata crude extract when both were 
assayed against Artemia salina. 
 Based on these overall results, the combination 
of the crude ethanolic extracts from Piper nigrum and 
Annona muricata resulted in the increased mortality of 
the A. aegypti larvae. 

Analysis of the synergism between the combined extracts 
from A. muricata and P. nigrum

 The crude ethanolic extracts from A. muricata 
(Am) and P. nigrum (Pn) were combined as six variants 
of Am:Pn (100:0,1; 62,5, 0,75; 50:1; 37,5, 1,25; 25:1,5 
and 75:1,5). The relative proportion of each extract in 
respect to its counterpart was measured in μg/mL in 
each combination. This proportion, in addition to the 
expected and observed larvicidal mortalities at these 

combinations, their confi dence intervals, their arithmetic 
differences and the interpreted results following the 
application of the χ² test, are presented in Table 3.
 Because the presented values of χ² were larger 
than the tabulated ones, all of the results supported 
the existence of a non-additive simple effect. All of 
the combinations resulted in an increased expected 
mortality; this was especially true for combinations 3 
and 4, which showed a higher χ² of approximately 65. 
All of the differences between the mortalities that were 
observed and expected were positive, which confi rmed 
the synergism between the crude ethanolic extracts from 
A. muricata and P. nigrum on the A. aegypti larvae. 
 Figure 3 displays the expected and observed 
mortalities for the combinations of the larvicides on 
the A. aegypti larvae. The existence of a statistical 
difference (p<0.05) between the expected and observed 
mortalities in all of the assayed combinations was 
verified using a paired t test; there was a 2.4-fold 
increase in combinations 3 and 4. 

 
Figure 3. Expected and observed mortalities for A. aegypti 
larvicides using combinations of ethanolic crude extracts from 
A. muricata and P. nigrum. *p<0,05 (paired t test), n = 80.

 In summary, our results supported the initially 
proposed innovation because all combinations of the 
ethanolic extracts from the Annona muricata seeds and 
the Piper nigrum fruits displayed synergistic effects 
on the lethality of Aedes aegypti larvae. These positive 
results may be explained by the reliance of the primary 
toxic components of these two plants on different 
mechanisms of action; Annona muricata acetogenins 
block the mitochondrial energy generation, and piperine 
and the related amides of Piper nigrum have general 
neurotoxic effects.

Conclusion 

 The sinergystic combination of acetogenins 
from Annona muricata and piperamides from Piper 
nigrum has proven to be a novel and effi cient strategy 
to kill the vector for dengue fever, the mosquito Aedes 
aegypti in its probably more sensitive morphogenetic 
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step, namely, the larva. This finding counsels a deeper 
exploration of other botanical sources toxic for harmful 
insects and pragues since the obtained synergism most 
probably arises from the distinct mechanism of action of 
the two herein explored phytolarvicidal chemicals. 
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