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Abstract

Background and Aim: As a mechanical vector of some communicable diseases and a self-adaptive species to human
environments, the German cockroach can transmit pathogens, such as bacteria, viruses, and fungi, to human beings. This
study was conducted to determine the toxicity of imidacloprid and chlorpyrifos against German cockroaches.

Materials and Methods: In this experimental study, the last instar German cockroach nymphs were used to test their
sensitivity to imidacloprid and chlorpyrifos insecticides by the contact and bait methods. In bioassay (jar test), the nymphs
were isolated from the main colony and were exposed to the insecticides for 30 min. The mortality rate was recorded 24 h
after the recovery time. In bioassay (bait), 24-96 h after exposure to the poisonous bait, the mortality rate was recorded and
regression analysis was run to analyze the data in the SPSS software (IBM, Chicago, USA).

Results: The lethal doses (LD) of imidacloprid and chlorpyrifos were 9.5 mg/m* and 39.78 mg/m?, respectively. The LD_
for imidacloprid and chlorpyrifos were 2.66 and 9.92 mg/m?, respectively. Results revealed that the highest concentration
of imidacloprid (45%) could cause the highest mortality rate (95%) 24 h after exposure. There is a significant difference in
the mortality of the samples during the follow-up period. Moreover, the chlorpyrifos smeared bait, with a concentration of
16% after 24 h, had the highest mortality rate (95%).

Conclusion: The highest mortality rate occurred in the ingestion of imidacloprid smeared bait within the first 48 h after
being exposed to the insecticide. Therefore, the results show that imidacloprid can prove significantly effective in controlling
cockroaches.
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Introduction human environment and the causative agents of aller-
gic diseases [3].

This pest is usually controlled using pesticides.
Even in advanced IPM systems, the key to the German
cockroach control is the use of chemicals and syn-
thetic insecticides [4]. Research on insecticides and
new methods to fight against German cockroaches
has been continued due to the medical and economic
importance of this pest in the urban environment [5].
Nevertheless, the frequent and extensive use of pesti-
cides against German cockroaches has caused resis-
tance to pesticides so that they are second-ranked, after
the housefly (Musca domestica), in terms of resistance
to many types of insecticides [6,7]. As of today, the
resistance of this insect to various insecticides (such
as organochlorine, carbamate, organophosphate, and
pyrethroid groups) has been reported [8]. Some pop-

Despite the harmful effects of using chemical pes-
ticides on human health, chemical pesticides are still
the most appropriate method for integrated pest man-
agement (IPM) and for controlling arthropod-borne
disease vectors [1]. Blattella germanica L. is one of
the most important species of pests all over the world.
This allergen insect is found in residential areas,
restaurants, hotels, hospitals, and food storages [2].
The German cockroach as a mechanical vector can
easily transmit pathogens such as bacteria, viruses,
fungi, protozoa, and parasites because it has a small
body size, special nutritional habits, and specific
behavior. Besides, it can readily adapt itself to the
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ulations of this pest have been resistant to several dif-
ferent insecticides [9].

To prevent or delay insecticide resistance, it has
been recommended to combat German cockroaches
by the rotation method based on different insecticide
groups [10]. The imidacloprid insecticide (SC 35%),
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as a systemic insecticide with a contact-oral effect,
belongs to neonicotinoid/chloronicotinyl groups used
against pests and insects. The use of this product,
even in limited dosage, is effective on a wide range
of harmful insects. The way imidacloprid works are
that it affects nicotinic acetylcholine receptors in the
central nervous system of the insect [11]. In addition,
chlorpyrifos is a phosphorus insecticide with dermal
and oral effects that can control urban and agricultural
pests [12].

In light of the above, this study was carried out
to determine the susceptibility of insectary strain
German cockroach (Dictyoptera: Blattellidae) to imi-
dacloprid and chlorpyrifos insecticides.

Materials and Methods

Ethical approval

The study was approved by the Ethical
Committee of Tehran University of Medical Sciences,
Iran (IR.TUMS.VCR.REC.1397.083).

Study area and data collection
Cockroach rearing

In this experimental study, the last instar nymphs
of the German cockroach, kept at the School of Public
Health, Tehran University of Medical Sciences, were
used to test the sensitivity of German cockroaches
to imidacloprid and chlorpyrifos insecticides by the
contact and bait methods. Environmental condi-
tions including temperature 27+2, relative humidity
60+10, and a photoperiod of 12:12 (light-dark) h were
observed for special containers to keep cockroaches
(plastic containers of 4 L). Dried bread and rodent
food were the nutrition source of cockroaches. Bird
dishes were used to provide water for cockroaches,
and carbon dioxide gas was employed to anesthetize
cockroach nymphs.

Chemicals and pesticides

Two technical grades of insecticides were used
in this study: Chlorpyrifos 97% (Ilia Samavaran
Chemical Trading Company) and imidacloprid 97%
(Meshkfam Company, Fars, Iran).

Bioassay test (jar method)

The jar test was performed using the standard
method as recommended by the WHO glass jar

tests [13]. The surface of the containers was measured
and stained with acetone-soluble insecticides. The
cockroach nymphs were isolated from the main col-
ony and were exposed to the insecticides for 30 min.
The mortality rate was recorded 24 h after the recov-
ery time.

Bioassay test (bait method)

To prepare the insecticide bait, a combination of
various ingredients including rice bran, wheat flour,
rodent food, sugar, water, and insecticide solution
(bait 10.5 g) was used. The nymphs were kept hun-
gry for 3 days and then the bait containing different
concentrations of insecticide was given to the cock-
roaches for 3 h. After the exposure time, the poisonous
bait was replaced with poison-free baits.

Statistical analysis

The mortality rate of nymphs was recorded
24-96 h after exposure to the poisonous bait, and
regression analysis was conducted to analyze the data
in the SPSS software.

Results

In this study, the toxicity effect of two insec-
ticides, namely, imidacloprid and chlorpyrifos, on
German cockroach nymphs was tested using contact
and bait methods. The results of the contact method
experiment (30 min) on German cockroaches are
shown in Tables-1 and 2 and Figures-1 and 2. Based
on the results, it was observed that the lethal doses
(LD) of imidacloprid and chlorpyrifos were 9.5 mg/m?
and 39.78 mg/m?, respectively. The LD, for imida-
cloprid and chlorpyrifos were 2.66 and 9.92 mg/m?,
respectively.

The results of the bait method experiment are
shown in Tables-3 and 4. As shown, the highest con-
centration of imidacloprid (45%) caused the highest
mortality rate (95%) 24 h after exposure. There was a
significant difference in the mortality rate of the sam-
ples in the follow-up period. The chlorpyrifos smeared
baits, with a concentration of 16% after 24 h, had the
highest mortality rate (95%) (Figures-3 and 4).

Discussion

Reports on numerous cases of German cockroach
resistance to many types of insecticides, including

Table-1: Susceptibility of imidacloprid to nymphs of German cockroach (insectary strain) by glass jar method.

Dose (mg/m?) n Mortality (%) LD, ,tLower band LD, xLower band SlopexSE y2 (df) Y-intercept
- upper band - upper band

9.5 40 100 2.66%+1.14-4.03 6.21+4.66-10.30 0.00+0.00 17.385 (5) -0.962

7.5 40 90

5.5 40 85

3.5 40 72.5

1.5 40 52.5

1 40 17.5

0.5 40 10

Control 40 0 - - - - -

LD.,=Lethal doses 50%, LD ,=Lethal doses 90%
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Table-2: Susceptibility of chlorpyrifos to nymphs of German cockroach (insectary strain) by glass jar method.

Dose (mg/m?) n Mortality (%) LD, *Lower band LD, *Lower band SlopexSE x2 (df) Y-intercept
-upper band -upper band

39.78 40 95 9.92+3.03-15.43 27.73+20.67-47.83 0.00+0.00 17.385 (5) -0.714

26.56 40 85

16.51 40 80

13.26 40 67.5

6.63 40 47.5

3.31 40 32.5

1.65 40 10

Control 40 0 - - - - -

LD,,=Lethal doses 50%, LD ,=Lethal doses 90%
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y=9.3485x+22.342
R?=0.8282
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Figure-1: Regression line of imidacloprid against nymphs
of German cockroach insectary strains by the WHO glass
jar test method.
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Figure-2: Regression line of chlorpyrifos against nymphs
of German cockroach strains by the WHO glass jar method.

organophosphates, carbamates, and pyrethroids, have
led researchers to identify and introduce new insecti-
cides with various formulations [14]. In this study, the
LD of two insecticides, imidacloprid and chlorpyri-
fos, were investigated for German cockroach nymphs.
Imidacloprid is the first active ingredient in the
chloronicotinyl class of insecticides, which has been
used in various forms, such as poisonous baits and
gels [15]. The minor similarity of chloronicotinyl to
insect nicotinic acetylcholine receptor is considered as
an important feature of this class, indicating its toxic-
ity against insects. On the other hand, its LD, is more
than 5000 mg/kg of rat and mouse body weights [16].
Although some studies have shown that insecticide
smeared baits can poison German cockroaches after
30 min, the problem is that they can mostly recover
from the poison. Indeed, the recovery chance for the

cockroaches has a negative correlation with the insec-
ticide concentration [17]. Similarly, the results of the
current study showed that an increase in the concen-
tration of insecticide significantly raised the percent-
age of killed cockroaches.

The previous studies have demonstrated that
chlorpyrifos insecticide can cause rapid immobili-
zation in German cockroaches for 72 h without any
recovery. The LD, of this insecticide showed mod-
erate toxicity after 72 h [18]. Chlorpyrifos is one of
the organophosphorus insecticides to which German
cockroaches have built-up some resistance [19-21].
Therefore, some studies have proposed that syner-
gistic compounds such as S, S, S-tributyl phosphoro-
thioate, phenyl saligenin cyclic phosphonate, and N,
N-dimethylcarbamate can increase the toxic effects of
this insecticide to control German cockroaches. In the
present study, although the results of experiments on
this type of insecticide in the surface contact bioas-
say test were not satisfactory, more effective results
were obtained in the form of poisonous baits, showing
a higher mortality rate with a lower percentage than
imidacloprid.

Two formulations for contact and bait methods
were used in the current study to test insecticides.
In spray formulation, the cockroaches’ exposure to
the active ingredient of the insecticide has particu-
lar importance, meaning that the insecticide must be
effective in killing insects during a short period of
exposure to surfaces covered with pesticide. In con-
trast, if using poisonous baits, the central factor is the
ingestion of enough bait by the insect. In this case,
the attractiveness of the bait and the possibility of its
survival for a long time in the environment are of cru-
cial importance [15]. Based on the behavior of cock-
roaches searching for baits, it seems that if these for-
mulations are used, especially in certain environments
such as hospitals, more effective results to control and
fight cockroaches may be achieved. For example, a
study in India showed that the use of imidacloprid gel
on the field strain could reduce the German cockroach
population in the 1% week up to 82.8% and in the
8" week up to 98.8% [15]. In another study conducted
in Iran using imidacloprid gel (15.2%) on the insecta-
rium strain, the complete elimination of the German
cockroach population was observed after 60 days [4].
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Figure-3: Regression line of imidacloprid against nymphs of German cockroach strains using bait methods within 24-96 h.
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Figure-4: Regression line of chlorpyrifos against nymphs of German cockroach strains using bait methods within 24-96 h.

Although the concentration of this insecticide in the
present study was between 0.5% and 45%, the gel
formulation was usually used in the form of 15.2%
concentration. Such a concentration of imidacloprid is
lethal for all German cockroach stages. The best con-
ditions for using this formulation are in temperatures
below 15°C and free from other types of foods [22].

Conclusion

According to the results, the highest mortality
rate was observed in the ingestion of imidacloprid bait
within the first 48 h after exposure to the insecticide.
This point can be very important in controlling pests
because most cockroaches die during this period. On
the other hand, although the results of this study are
limited to German cockroach insectarium strain, it can
be demonstrated that the toxic effect of this poison is
favorable, and therefore, its evaluation in the field
studies can be considered as essential and practical.
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