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ABSTRACT
Background: Current larvicide used to control Aedes aegypti is temephos, although
some studies have reported the presence of resistance. WHO recommended new
larvicides contain active pyriproxyfen and methoprene from Insect growth Regulator
(IGR) group as a substitute of temephos. This study aimed to determine the
effectiveness pyriproxyfen and methoprene as larvicides and the time required in killig
50% larvae of Aedegiegypti from West Banjarmasin.
Method: This was an experimental study with post test only with control group design.
Doses of pyriproxyfen were 0.5, 0.1, 0.05, 0.01, 0.008, and 0.005 ppm. Doses of
methoprene were 0.01, 0.05, 0.1, 0.5, 1, and 1.5 ppm. Each treatment group was
exposed to Aedes aegypti larvae. Larval metamorphoses and mortality were followed
for 15 days. Analysis data used independent t test and probit.
Results: The result showed that pyriproxyfen effectively killed the larvae by 70% after
seven days of exposure, while methoprene kills 50% in eight days. The optimum
concentration to kill 50% of larvae (LCsy) for pyriproxyfen was 1.009ppm, while
methoprene was 1.34 ppm. Test results of statistical analysis with Independent T test
showed a significance different in killing larvae between pyriproxyfen and mehoprene
(p=0.039).
Conclusion: Pyriproxyfen is more effective than Methoprene in killing larvae of Aedes
aegypti from West Banjarmasin.
Keywords: effectiveness, pyriproxyfen, methoprene, dedes aegypti

INTRODUCTION

Dengue Hemorrhagic fever (DHF) is an infectious disease that is still a public
health problem in Indonesia, even likely to become endemic [1]. The case of DHF in
2012 is 90.245 cases recorded with the deaths of as many as 900 people. In South
Kalimantan, the case of DHF is 1216 cases with the number of patients who died
reached 19 cases (case fatality rate/CFR 1.5%). This number increased 3 fold compared
to the year 2011 which is just 400 cases with the number of deaths are 7 people.
Banjarmasin is the third most case with 56 cases. However, the cases who died reached
3 persons (CFR 5.3%) [2].

Dengue Haemorrhagic fever can only be controlled with vector eradication
because the drug and vaccine for it has not found [1]. Control of the DHF can be done
by eradicating adult and larvae of Aedes aegypti [3,4]. The adult mosquito eradication
can be done by fogging and eradication of larvae can be done with GERAKAN 3M plus
and using abate powder. However, long-term use of temephos has lower sensitivity
against larvae [5-7]. The research of Gafur et @/ in North Banjarmasin showed a
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decrease susceptibility of larvae to temefos [8]. Istiana ef a/ also mentions that in West
Banjarmasin showed a decrease in the susceptibility of larvae of dedes aegypti to abate
powder [9].

World Health Organization (WHO) has recommended the use of other
insecticides as an alternative in dengue endemic areas that have resistance for temephos
or have used temephos in the long time. One of the WHO recommendations is the use
of Insect Ggfjvth Regulator (IGR) such as methoprene and pyriproxyfen [10].

The purpose of this study was to determine the effectiveness of larvicides
pyriproxyfen and methoprene against Aedes aegypti larvae in the district of West
Banjarmasin, South Kalimantan. This study is expected to provide scientific
information as well as the basic for policy implementation on mosquito control program
in Banjarmasin.

METHOD

This was an experimental study with Posttest-Only with Control Group Design.
Subjects were larvae of Aedes aegypti Instar I1I-IV in second generation of colonization
in Parasitology Laboratory, Medical @culty of Unlam Banjarmasin. Independent
variable wass Pyriproxyfen dose of 0.5 ppm, 0.1 ppm, O ppm, 0.01 ppm, 0.008 ppm,
0.005 ppm. While Methoprene dose was 0.01 ppm, 0.05 ppm, 0.1 ppm, 0.5 ppm, 1 ppm,
and 1.5 ppm. Dependent variable was the Aedes aegypti larval mortality after
administration of larvicides was followed for 15 days. Procedures used in this study was
in accordance with the method set by WHO for experiments in the laboratory and the
data obtained were analyzed using Probit Analyze with SPSS.

RESULTS

Results of research to determine effectiveness of IGR (pyriproxyfen and
methoprene) can be seen in the following figure. Observation of larvae mortality and
morphogenesis performed for fifteen days to determine the time to reach 70% or more
larval mortality.
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Figure 1. Percentage of Larvae of dedes aegyptiMortalityfrom West Banjarmasinafter
ExposuretoPyriproxyfen.

77




Figure | showed that the average percentage of dead larvae in the control group at
0% until day 4, and only 6.25% until day 15. This means development of mosquitoes in
control group was well enough that larvae can develop into pupae and adult mosquitoes.
The percentage of deaths in control group showed that deaths in other groups was
purely caused by given larvicides. Because in this study the control larvae showed the
average percentage mortality after 24 hours of exposure is 0% or no more than 20%,
then itd oes not need to be corrected with Abbot Formula [11].

Statistical analysis by Kruskal Wallis test showed that all groups of dosage were
differences in larval mortality (p=0.019). This is according to tests performed by Miller
et.al. who also showed significant difference of larval mortality in the dosage of groups
(p=0.001) [10]. The result of Mann-Whitney test to determine dose groups had
significant differences, indicated that all groups were different (p<<0.05). This significant
difference can be seen in the 0.5 ppm dose group with the control group (p=0.001), 0.1
ppm with control (p=0.005), 0.05 ppm with controls (p=0.007), 0.01 ppm with controls
(p=0.007), 0.008 ppm with control (p=0.010), and 0.005 ppm with controls (p=0.010).
Subsequent data analysis using probit analysis to determine the dose required to obtain
50 % mortality and 90 % of the test larvae as in Table 1.

Table 1. Probit analysis results for Dose Required to Kill
50 % (LC 50) and 90 % (LC 90) Larvae Test

Larval mortality (%) Doses (ppm)
10 0,314
20 0,553
30 0,735
40 0,872
50 1,009
60 1,146
70 1,294
80 1,466
90 1,704
95 1,901
99 2,271

The results with various concentrations of the administration methoprene to
Aedes aegypti larvae are shown in Figure 2. It shows that in the control group, the
average percentage of larvae on the eighth day mortality of 6.25 % to 7.5 % on day 15,
so it does not need to be corrected using the formula abbott. Abbot formula is used if
the percentage of control group mortality of more than 20 % in 24 hours of observation.
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Figure 2. Percentage of Larvae of Adedes aegyptiMortalityfrom West Banjarmasin
after Exposureto Methoprene.

Analyzed with Kruskal Wallis test showed the results of p=0.040, which means
that there are significant differences between treatment groups. Further to determine
significant differences between treatment groups, using the Mann-Whitney gZ$t. The
results obtained indicate that there are several groups of p<0.05. This means that there
are significant differences in the tfjtment groups between the control group with the
group with a concentration of 0.05 ppm, 0.1 ppm, 0.5 ppm, 1 ppm and 1.5 ppm.

Probit analysis is then performed to determine the dose required to kill 50 % and
90 % larval test with results as shown in Table 2.

Table 2. Probit analysis results for Methophren Dose required Killing 50 % (LC 50) and
90 % (LC 90) Larvae of Aedes aegypti

Larval mortality (%) Doses (ppm)

10 0,445
20 0,675
30 0,835
40 0,997
50 1,342
60 1,461
70 1,954
80 2,257
90 2,704
95 2,901
99 3,178

It shows that the LC50 for Methophren in this study was 1.342 ppm and the
LC90 is 2.704 ppm. It means to kill larvae by 50 % and 90 % of the required dose.
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DISCUSSION

Figure 1 shows that not all doses tested had an average percentage of larval
mortality trials more than 70 % after 7 days, whereas at the highest dose of 0.5 ppm and
0.1 ppm indicate the average percentage of larval mortality trials reached more of 80 %
and 86%. In the last days, all dose shows the average percentage of dead larvae reached
more of 90% and for dose of 0.5 ppm and 0.1 ppm reached 100%. These results
indicate that the percentage of larval mortality increased along with concentration or
dose of larvicide and the length of time observation increased.

Based on the calculation criteria for larvicidal efficacy, as an active ingredient
pyriproxyfen, after 24 hours of observation, it showed that all doses tested did not meet
the criteria of efficacy due to larval mortality rate is below 70 % [12]. This is because
the nature of active ingredient pyriproxyfen does not kill larvae directly, but inhibits
development of larvac into pupac and adult mosquitoes. Pyriproxyfen that is in the
water easily penetrates the skin mosquito larvae then enter into haemolymph.
Pyriproxyfen in the haemolymph caused corpusallatum not produce juvenile hormone
which caused the larvae do not develop into pupa or mosquitoes [13]. This was proven
by observation until day 15, at all doses tested there was no change in the development
of larvae into adult mosquitoes. This is very different from the control groups where the
most of larvae change into adult mosquitoes.

Result of this study have similarities with research conducted by Munif, where the
IGRA deal with active ingredient Pyriproxyfen, at dosage of 0.01 ppm has ability to
inhibit growth of larva into mosquitoes reached 100 % after 1 week of exposure [14].
Although in this study dosage of 0.5 ppm inhibited 100 % of larvae growth on day 11,
and at dosage 0.1 ppm on day 13.

Table 1 reveals that the dose required killing 50% of larvae of Aedes aegypti in
this study was 1,009 ppm, while the dose required to kill 90% of test larvaec was 1,704
ppm. Pyriproxyfen has a unique pattern of activity and influence on physiology,
morphogenesis, reproduction, and especially insect embryogenesis metamorphosis that
has properties such as Aedes aegypti mosquito is the primary vector of dengue fever
[13]. Although larvicidal active ingredient pyriproxyfen takes time to kill mosquito
larvae and pupae, pyriproxyfen has a long residual life according to tests performed by
the Munif [14], at dosage 0.01 ppm pyriproxyfen can inhibit the growth of Aedes
aegypti larvae into adult mosquitoes by 100% until fifth of week.

Percentage of larval mortality at various doses methoprene test increased with
increasing concentrations of the test. This is showed in figure 2. Based on the results of
the study, the average percentage rate larval mortality during the 24 hour at 0.41 % due
to death on the first day it just occurred in the group treated with a dose of 1.5 ppm. On
the eighth day of observation, the average percentage of larval mortality test all doses of
more than 50 % except at doses of 0.01 ppm, and the highest concentrations of his death
only 65 %. This percentage increased with the length of observation time, where at day
15, the average mortality in all treatment groups of more than 70 %, and reached 96.5 %
at the 1.5 ppm dose group.

Increased mortality in line with the length of time due to the nature of the active
ingredient methoprene kills larvae not directly, but inhibits the development and cause
the death of the pupal stage and growth failure of adult mosquito’s stage. This is
according to research conducted Braga et al that the greatest number of percentage
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mortality of larvae fed methoprene, found in the pupa stage, not on stage of larvae [15].
The same thing also expressed by Wu et al, that the increasing concentration of
methoprene the percentage pupal mortality also increased [16].

However, because this is the nature of larvicides as a barrier to development, so
that the higher concentration is given, then the percentage of deaths would be even
greater. This is supported by Braga et.al. study [17], Wu et.al [16] and Pranoto [18]
which shows percentage pupal mortality reached 100 % in the third week after
treatment. It can support that methoprene inhibit larval development and kills pupa
stage. Because on the fifth day, the control group there were a lot of mosquitoes mature
and grow upon the eighth day. However, none of the treatment groups of larvae into
adult mosquitoes up to eight days.

Methoprene is a larvicide that serve as artificial hormones which regulate growth-
stage larvae (IGR-Insect Growth Regulators). Mechanism of action of this hormone
does not kill larvae directly but inhibits the formation cytine during larval grow than
disrupt the process of shape change into pupae and mosquitoes (inhibitor development),
so it cannot grow into pupae of mosquitoes or mosquitoes can grow into, but not normal
[19].

To compare the effectiveness of pyriproxyfen with methoprene performed by
independen t Ttest analysis. The analysis showed p=0.039, which means that there is a
significant difference between the effects larvicides produced by pyriproxyfen with
methoprene. If seen from the LC50 and LC90 between pyriproxyfen with methoprene,
it appears that pyriproxyfen better than methoprene.

In the life cycle of the mosquito phase of growth the reare egg, larva, pupa and
adult. This growth phase requires growth regulator hormone called juvenile hormone,
an enzyme that plays a role influencing responsibility to determine character influence
larvae even in the nucleus and modification ecdysis effects that determine the process of
change in the cuticle and the turn instar stage. The role of the hormone is then applied to
the artificial hormone pyriproxyfen and methoprene. IGR is a hormone that is
controlling the growth of biorational control, which is a process that affects the growth
of larva-pupa to adult ratio by regulating hormonal biology itself larvae that affect
physiology of morphogenesis in the larval-pupal stage that will shape the mosquito
pupa and disabilities resulting from the furnishing inexcessive dosage [20].

Larvae that survive will grow into pupae, but there has been a maturation and
cellular differentiation thus become abnormal growth pupa. Larvae undergo ecdysis, the
replacement process is not complete because the cuticle skint hat should be separated
from the body of the larvae turned out to cohere in the posterior, thus masking tool that
works spiracle respiration, this result can not breathing pre-pupae and finally die. In the
pupa stage, juvenile hormone does not work anymore, but the hormone active ecdyson
serves to form organs, organs and organ systems respiration [21].

In general, IGR can give the effect of long-term survival (3 to 6 months) with an
appropriate dose. This is consistent with research Pranoto that shows the percentage of
deaths pupa until the fourteenth week amounted to 99.25%. So that repetition of
administration can be done for 3 months [18].
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CONCLUSIONS

Effective dose of Pyriproxyfen to kill 50 % of larvac of Aedes aegypti is 1.009

ppm, while to kill 90 % larvae is 1.704 ppm. Effective dose of Methoprene to kill 50 %
of larvae of Aedes aegypti is 1.342 ppm and effectively kill 90 % at a dose of 2.704
ppm. Pyriproxyfen have better effectiveness in killing the larvae of Aedes aegypti
compared with Methophren.

Further research needs to be done to determine the effectiveness pyriproxyfen and

methophren in the field so that it can be applied directly in the community, and
ultimately can help reduce morbidity and mortality due to dengue fever.
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