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Abstract
Introduction: The signifi cant increase in dengue, Zika, and chikungunya and the resistance of the Aedes aegypti mosquito to 
major insecticides emphasize the importance of studying alternatives to control this vector. The aim of this study was to develop 
a controlled-release device containing Piper nigrum extract and to study its larvicidal activity against Aedes aegypti. Methods: 
Piper nigrum extract was produced by maceration, standardized in piperine, and incorporated into cotton threads, which were 
inserted into hydrogel cylinders manufactured by the extrusion of carrageenan and carob. The piperine content of the extract and 
thread reservoirs was quantifi ed by chromatography. The release profi le from the device was assessed in aqueous medium and the 
larvicidal and residual activities of the standardized extract as well as of the controlled-release device were examined in Aedes 
aegypti larvae. Results: The standardized extract contained 580mg/g of piperine and an LC50 value of 5.35ppm (24h) and the 3 
cm thread reservoirs contained 13.83 ± 1.81mg of piperine. The device showed zero-order release of piperine for 16 days. The 
P. nigrum extract (25ppm) showed maximum residual larvicidal activity for 10 days, decreasing progressively thereafter. The 
device had a residual larvicidal activity for up to 37 days.  Conclusions: The device provided controlled release of Piper nigrum 
extract with residual activity for 37 days. The device is easy to manufacture and may represent an effective alternative for the 
control of Aedes aegypti larvae in small water containers.
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  INTRODUCTION

Aedes aegypti (Diptera: Culicidae) female mosquitoes are 
among the major vectors of diseases such as chikungunya and 
yellow fever, and are primarily responsible for the transmission 
of dengue virus and, more recently, the Zika virus(1) (2) (3). 
Currently, there is no specifi c treatment or effective vaccine 
to prevent dengue, Zika, or chikungunya infection(3). Thus, 
controlling the vector remains the primary method of controlling 
the disease, and can be done by eliminating mosquito breeding 
sites in addition to insecticide application to larval and adult 
forms(4). However, the widespread use of pyrethroid and 
organophosphorus compounds has promoted the selection of 
A. aegypti resistant populations in many countries and has 
rendered these synthetic substances ineffective(5) (6) (7) (8).

Corresponding author: Dr. Luiz Alberto Kanis.
e-mail: luizalbertokanis@gmail.com
Received 25 August 2016
Accepted 14 October 2016

This situation has highlighted the need for developing new 
alternatives to control the disease, especially biodegradable 
alternatives that may slow or prevent the development of 
resistance. Several studies have indicated that plants and 
plant-derived chemical compounds can be used as alternatives 
to synthetic insecticides(9) (10). Among the plants with potential 
larvicidal activity, the Piper genus is of note, mainly due to 
its piperine content and that of its derivatives(11) (12) (13) (14) (15) (16). 

  Several studies have shown that Piper nigrum extract has 
larvicidal activity against A. aegypti(15) (17) (18) (19) (20) (21). However, 
because of its vegetable origin, it has low residual activity due 
to the degradation of piperine, the main active component of 
P. nigrum(22). 

The incorporation of insecticides and pesticides into polymer 
matrices is a strategy to reduce the degradation rate in addition to 
delaying the release of the active substance into the environment, 
thus providing increased residual activity(23) (24). Polysaccharides 
are polymers with potential for the development of controlled-
release systems(25). They are abundant, biodegradable natural 
polymers that can be used to produce micro- or nanocapsules and 
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FIGURE 1. Structure of the controlled release device. PnE: Piper nigrum 
extract.

hydrogels with the aim of reducing pesticide use and toxicity, 
thus protecting both the environment and human health(25). 
Among the main polysaccharides, carrageenan is highlighted 
for its biodegradability and capability to form hydrogels(26) (27). 
The aim of this study was to develop a controlled-release device 
of biodegradable polysaccharide-based formulation and with 
a cotton thread containing standardized extract of P. nigrum, 
to be used in small water storage containers to control the 
A. aegypti larvae.

METHODS

  Aedes aegypti larvae

Rockefeller strains of A. aegypti were continuously 
maintained in a laboratory under a 14h light/10h dark 
photoperiod. Larvae were raised on powdered pet food (Purina® 
Cat Chow®, 0.2g/100mL, three times per week). Adult males 
and females were continuously provided with a 5% honey 
solution, while females were blood-fed on BALB/c mice, twice 
per week, in order to obtain eggs for colony development. All 
bioassays were performed at 25°C and 80% (± 10%) relative 
humidity in an ELETROlab® 132FC incubator.

Piper nigrum extract

Dried and ground (<500µm) P. nigrum grains underwent 
dynamic maceration for 48h in 95% ethyl alcohol at a plant-to-
solvent ratio of 1:20. The solvent was evaporated at 50°C under 
reduced pressure using a Heidolph VV2200 rotary evaporator. 
The extract obtained was named Piper nigrum extract (PnE ) 
and was stored at 5°C, protected from light.

  Piper nigrum extract standardization in piperine

The piperine content of PnE was determined using 
high-performance liquid chromatography (HPLC)(28). The 
chromatographic system used was a Shimadzu A10 
apparatus and ultraviolet-visible (UV-VIS) detector, 
mobile phase acetonitrile (Vetec SA, Brasil:1% acetic acid 
(Vetec SA, Brasil): water, Phenomenex Luna C18 column 
(150mm × 4.6mm ×x 5µm), 343nm wavelength detection, 30°C 
oven temperature, 1ml/min fl ow, and 20µL injection volume. 
A calibration curve with standard piperine solutions (Sigma-
Aldrich, 97%) was used for quantifi cation and prepared in 
methanol at concentrations of 4-6µg/mL. 

Lethal concentration (LC50) determination 

A stock PnE solution of 200ppm was prepared in water 
containing 0.2mg/mL Polysorbate 80 (Synth SA, Brasil). The 
solution was diluted in water to concentrations of 1-40ppm. A. 
aegypti larvae (n = 25) were added to 50mL of PnE solution 
and maintained at 25°C and 80% (± 10%) relative humidity in 
an acclimatized chamber. Larval mortality was observed after 
24h of exposure to solutions. Larvae were considered dead if 
they did not respond to a gentle prod(29). The experiment was 
conducted in triplicate using water and the highest concentration 
of Polysorbate 80 as a control.

  The lethal concentrations (LC50 and LC99) were interpolated 
by probit analysis using GraphPad PRISM software (GraphPad 

Software 1995, San Diego, CA, USA) and were reported as 
means ± standard deviation (SD) from three experiments.

Manufacture of controlled-release device

The controlled-release device (CRD) was composed of a 
cotton thread impregnated with P. nigrum extract, standardized 
in piperine (active), and coated with a hydrogel cylinder to 
control the release (Figure 1).

  Hydrogel cylinder manufacturing: a solution was prepared 
containing carrageenan CG 130 (CP Kelko,USA): locust bean 
gum LBG 246 (CP Kelko,USA) : KCl (Synth SA, Brasil) in 
water at a ratio of 1.25:1.0:0.2%. The solution was heated to 
60°C and extruded using a cold piping system to obtain hydrogel 
cylinders. 

Production of P. nigrum extract reservoir: cotton threads 
(5mm diameter, 3cm length) were immersed for 15 minutes in a 
solution containing 5% polyethylene glycol (PEG) 4000 (Synth 
SA, Brasil)nd 200mg/mL PnE (previously solubilized in 95°GL 
ethanol (Vetec SA, Brasil). Next, the threads were removed and 
dried at room temperature (22±4 oC) for 1.5h before insertion 
into the hydrogel cylinders to produce the CRD.

Determination of piperine content of the reservoir: the 
impregnated cotton threads were maintained under ultrasonic 
agitation in a volumetric fl ask containing 50mL of ethanol 
for 30 minutes. The extract solution was diluted 10 fold and 
piperine content was determined by the chromatographic 
method described above. Analyses were performed in triplicate.

  Piperine release mechanism

Devices measuring 3cm in length were packed in amber 
glass bottles containing 200mL of water and maintained 
under constant stirring at temperatures ranging from 25-30°C. 
Samples of solution were removed at predetermined intervals 
and the amount of piperine released was determined using the 
chromatographic method described above.

Residual effect of Piper nigrum extract and controlled-
release device 

Residual larvicidal activity of PnE: a PnE solution was 
prepared at a concentration of 25ppm (8-fold higher than 
the 24-h LC50). Sample solutions (200mL) were transferred 
to beakers containing 50 A. aegypti larvae. Larval mortality 
was assessed after 24h, with larvae not responding to gentle 
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FIGURE 2. Polymeric devices containing Piper nigrum extract. 
A. Side view (1cm length). B. Top view.
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FIGURE 3. Concentration of piperine released (mg) in an aqueous medium 
from the controlled-release device over time. Vertical bars = standard deviation.

TABLE 1
Piperine content and LC50 values for Piper nigrum extract at 24, 48, and 72h 

of exposure.

Piperine (mg/g)   LC50 (ppm of extract)

 24h 48h 72h

580 ± 1.9 5.3 ± 0.42a 3.2 ± 0.37b 3.1 ± 0.36b

LC50: lethal concentration required to kill 50% of larvae. a,b: Means 
sharing the same superscript letter are not signifi cantly different from 
each other (p < 0.05). 

prodding considered dead(29). Dead and surviving larvae were 
discarded and replaced with 50 new specimens, after fi ltration 
of the solutions. This procedure was repeated until no further 
dead larvae were observed. The same procedure was followed 
for the control group. 

  Residual larvicidal activity of the CRD: CRD samples were 
added to 200mL of water along with 50 A. aegypti larvae in each 
replicate. Mortality was assessed every 24h, and the solution 
was fi ltered before adding new larvae whenever a mortality 
rate above 80% was achieved. The water in the reservoir was 
completely renewed on day 7, 12, and 17 to determine the effect 
of water renewal frequency on larval mortality.

Statistical analyses

The results were presented as mean and SD and were 
evaluated by analysis of variance (ANOVA) followed by 
Tukey’s test, using OriginPro 7.0 software and a signifi cance 
level of 0.05.

RESULTS

The results of PnE larvicidal activity (LC50) and piperine 
concentration are shown in Table 1.

P  iper nigrum extract showed piperine content close to 60% 
of its total mass, which demonstrates that the extract is rich in 
this chemical substance. The LC50 values for PnE showed a 
gradual decrease in larvicide exposure over time, but signifi cant 
differences were observed only between the 24-h and 48-h time 
intervals. The results indicate that the PnE larvicidal activity 
assigned to piperine at LC50 was 1.6ppm within 48h, i.e., 60% 
of the value determined for PnE. Figure 2 shows images of the 
CRD top and side view.

T  he hydrogel extrusion process produced homogenous 
cylinders with walls 5.0 ± 0.3mm thick. Reservoir threads 
measuring 3cm in length had piperine content of 13.83 ± 1.81mg 
and were easily introduced into the cylinder to form the CRD.

Piper nigrum extract release (mean and SD) from the CRD 
was determined in an aqueous medium at a temperature range 
of 25-30°C (Figure 3).

P  iperine release from the CRD showed linear kinetics 
(r = 0.9964) for 16 days, according to Equation 1, where PR 
(mg) is the amount of piperine released and t is time (in days). 
After 16 days, a decrease in PR concentration of the aqueous 
medium was observed. The highest concentration of piperine 
released into the medium was 2.7 ± 1.79mg, achieved on day 16.

PR (mg) = 0.0341 + 0.173 * t (days)             (Equation 1)
Figure 4 shows the results of the residual activity against 

A. aegypti larvae produced by the CRD containing PnE.
P  iper nigrum extract at a concentration of 25ppm (8-fold 

higher concentration than LC50 at 48h) achieved 100% larval 
mortality during the fi rst 10 days of the study period, after which 
larvicidal activity declined until becoming ineffective on day 31.

The CRD showed increased larvicidal activity for the 
fi rst 4 days, reaching 80% mortality, which was maintained 
until day 7. The reservoir water was then renewed and the 
larvae replaced, initiating a new phase of progressive release 

of piperine into the aqueous medium. Larvicidal activity above 
80% was again achieved, on day 12, when water renewal and 
larvae replacement were repeated. Similar results were obtained 
on day 17, followed by the same procedure. From this point 
onwards, water renewal was not performed and larvae were 
replaced only when larvicidal activity was greater than 80%. The 
residual activity was maintained until day 30, when a reduction 
in PnE lethality required a longer exposure time to reach 80%. 
The residual activity ceased on day 37.
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FIGURE 4. Residual activity of Piper nigrum extract at a concentration of 25 
ppm (●) and the controlled release device (■). WR: reservoir water renewal. 
Vertical bars = standard deviation.

DISCUSSION

P  iper nigrum seeds are known for their high piperine 
concentration and insecticidal activity against various 
species of insects. Several studies have demonstrated that 
this insecticidal activity is related to the presence of piperine 
and its derivatives(19) (20) (21) (22). The development of any device 
from natural products with a potential insecticidal application, 
such as P. nigrum, requires a standardized extract of the main 
active component to be obtained to ensure both effectiveness 
and safety(30). PnE showed a piperine concentration above 60% 
of the total extracted substances, indicating that the extraction 
process was suffi ciently effi cient and selective for large-scale 
production. PnE showed an LC50 less than 5ppm, indicating 
potent larvicidal activity. Several studies have evaluated the 
larvicidal activity of P. nigrum extract in which LC50 values 
ranged from 5-90ppm, higher than those produced by the PnE 
in the present study. This difference was likely associated with 
differences in the methods used to obtain the extract(21) (31) (32). 
The lack of standardization hampers the comparison between 
different piperine content rates; however, Ik and colleagues have 
found LC50 values of 3.21ppm for isolated piperine(33), which is 
similar to the LC50 determined for PnE containing only 60% 
piperine. These fi ndings indicate that PnE activity cannot be 
attributed solely to piperine but also to other isobutylamide 
compounds found in this species such as retrofractamide A and 
pellitorine, piperine derivatives that have shown LC50 values of 
0.028ppm and 0.86, respectively(34).

P  iper nigrum extract was successfully incorporated into 
cotton thread reservoirs at 13mg of piperine per 3cm, on 
average. This amount of PnE, when fully released into 200mL 
of water, produced a piperine concentration exceeding 70ppm, 
a 20 fold higher value than the LC50 values determined for 
PnE (3.2ppm) at 48h and higher than those determined for 
P. nigrum extracts in other studies. However, quick release 
to the medium was not the objective, as this would produce a 

highly toxic concentration, unnecessary for effectiveness, and 
facilitate piperine degradation(35), thus promoting a rapid loss 
of biological activity. 

Piper nigrum extract incorporation into the CRD, however, 
produced a prolonged release of piperine into the aqueous medium 
with zero-order kinetics for the fi rst 16 days of the study period. A 
release behavior that follows zero-order kinetics can provide an 
active agent release rate proportional to the length of time(36). This 
behavior is the most common objective of any CRD, as it allows 
prediction of the amount of active agents released at a given 
time interval as well as a determination of whether the amount is 
suffi cient to promote the desired effect. According to Equation 1, 
the constant rate of piperine release during the linear phase was 
0.207mg/day, providing a concentration of 2.06ppm in 48h in 
200mL of water (the volume in which the larvae were deposited). 
If all components of the extract were released in a similar manner, 
2.06ppm of piperine would correspond to 3.42ppm of PnE (PnE 
contains as much as 60% piperine), meaning that, within 48h, the 
concentration released was higher than the quantifi ed LD50 for 
PnE (3.1ppm). The reduction in piperine concentration observed 
in Figure 3 from day 16 onwards can only be explained by its 
degradation in the aqueous medium, given that the concentration 
released is cumulative and that concentration stabilization would 
be expected, indicating the end of the release process. Despite 
having good chemical stability in aqueous medium, in vitro studies 
have shown that piperine undergoes hydrolytic degradation under 
physiological medium or when exposed to light(37).

R  apid biodegradation of plant-derived substances 
is advantageous because it leads to less environmental 
contamination, although it also has disadvantages because 
it reduces residual activity and creates the need for repeated 
application of the product(35) (37) (38) (39) (40). Placing the substance 
in a CRD may therefore increase the duration of residual activity 
and protect against degradation(41).

The PnE residual larvicidal activity observed was similar 
to that found in other studies with Piperaceae extracts in which 
maximal activity was maintained for a maximum of 15 days 
and was concentration dependent(12) (42). After this period, 
activity decreased, which was attributed to degradation of the 
active ingredients(19). However, it is worth noting that PnE has a 
higher duration of residual activity compared with other natural 
products such as copaiba oil and andiroba, a characteristic of 
interest for the incorporation into CRD(43). 

T  he maximum duration of CRD residual activity was 37 
days; however, whenever larvae were replaced, a time interval 
was required to again achieve larvicidal activity above 80%. This 
behavior can be explained by differences in the concentration of 
active component available in the aqueous medium to promote 
the larvicidal activity. In the case of PnE, a concentration of 
25ppm was constantly available to promote this effect, whereas 
for the CRD, approximately 3.4ppm of PnE was released every 
48h. This characteristic is expected from the CRD as its function 
is to promote the gradual release of active component into the 
aqueous medium, suffi cient to promote activity, but at the lowest 
concentration required, thus reducing degradation of the active 
component and toxicity to the environment.

Custódio KM et al. - Piper nigrum device to control Aedes aegypti
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Most studies assessing larvicidal activity against A. aegypti 
examine only the LC50 values; few determine the residual 
activity of insecticides and even fewer take into account the 
dynamics of water renewal that occurs naturally in domestic 
reservoirs. Previous studies have indicated that water renewal 
can have a negative infl uence on the larvicide residual activity 
used in vector control programs(44).

W  ater renewal during CRD evaluation was performed 
three times between day 7 and 17. This process caused the 
removal of the active component already released, requiring 
the device to release additional component to ensure that 
larvicidal activity was maintained. In this manner, the CRD 
was capable of achieving larvicidal activity after all instances 
of water renewal, which was essential to achieve the proposed 
objectives of the device. In contrast, there was a sudden loss 
of activity at day 37. Data fi tting to Equation 1 revealed that 
only 6.4mg of piperine was released within that time interval, 
corresponding to 50% of the total amount incorporated into the 
device (13mg). In most CRDs, only a portion of the active agents 
is released, due to interactions between the polymeric materials 
and active substance retention(45). Thus, the reduced activity may 
be attributed to degradation of piperine and the retention of the 
active components in the polymer matrix. 

I  n conclusion, the fi ndings from this study indicate that it is 
possible to produce a standardized extract from P. nigrum, rich 
in piperine, with high larvicidal activity against A. aegypti. The 
incorporation of this extract into a CRD composed entirely of 
biodegradable and non-toxic materials, carrageenan polysaccharide 
and locust bean gum, provided the controlled release of piperine 
with residual activity for 37 days under water-renewal conditions. 
Furthermore, it is of note that the device described is easy 
to manufacture using standard polymer extrusion systems. 
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