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Abstract ,Q� WKLV� VWXG\�� ZH� H[DPLQHG� WKH� UHVLVWDQFH� VWDWXV� RI� VL[� ¿HOG�FROOHFWHG� VWUDLQV� IURP� 6LQJDSRUH� WR�
eight insecticides, as well as the resistance of the parental through F5 generations after they were selected 
ZLWK� LQGR[DFDUE� EDLW��$OO� VWUDLQV� VKRZHG� QR� UHVLVWDQFH� WR� DFHWDPLSULG� ����±���[��� LPLGDFORSULG� ����±���[���
FKORUDQWUDQLOLSUROH�����±���[���DQG�EHQGLRFDUE�����±���[���ORZ�OHYHOV�RI�UHVLVWDQFH�WR�LQGR[DFDUE�����±���[��DQG�
FKORUS\ULIRV�����±���[���DQG�PRGHUDWH�OHYHOV�RI�UHVLVWDQFH�WR�''7��!���[��DQG�GHOWDPHWKULQ�����±����[���9HU\�
low resistance levels were detected in the indoxacarb bait assay test. Cross-resistance between deltamethrin and 
indoxacarb was found where LD50 and RR50 values for deltamethrin and indoxacarb were positively correlated (P 
���������6XEVHTXHQW�VHOHFWLRQ�ZLWK�LQGR[DFDUE�EDLW�RQ�WKUHH�VWUDLQV�VLJQL¿FDQWO\��3���������LQFUHDVHG�LQGR[DFDUE�
resistance (up to >30x), but it reduced deltamethrin resistance.
Key words Cross-resistance, Blattella germanica, pyrethroid.

INTRODUCTION
Heavy reliance on insecticides and high frequency of application have led to the development of 
insecticide resistance in the German cockroach, Blattella germanica. Field populations of B. germanica 
have developed multiple insecticide resistance mechanisms such as reduced cuticular penetration, 
LQFUHDVHG� GHWR[L¿FDWLRQ� UDWH� DQG� WDUJHW� VLWH� LQVHQVLWLYLW\�� 7KH� *HUPDQ� FRFNURDFK� KDV� GHYHORSHG�
UHVLVWDQFH�WR�DW�OHDVW����GLIIHUHQW�FKHPLFDOV��LQFOXGLQJ�WR�QRYHO�LQVHFWLFLGHV�VXFK�DV�¿SURQLO��.ULVWHQVHQ�
et al., 2005; Ang et al., 2013) and indoxacarb (Chai and Lee, 2010).

,QGR[DFDUE� LV� WKH�¿UVW� FRPPHUFLDOL]HG�S\UD]ROLQH�OLNH� LQVHFWLFLGH� WKDW� DFWV�E\�EORFNLQJ� WKH�
independent site of the sodium channel (McCann et al., 2001). It is readily bioactivated by esterase/
amidase type enzymes to yield the potent insecticidally active bio-product N-decarbomethoxylated 
metabolite (DCJW), which results in pseudoparalysis and subsequent death of poisoned insects (Wing 
et al. 1998; Wing et al. 2000; Wing et al., 2005). The mode of action of indoxacarb and its metabolite 
are novel and entirely distinct from that of pyrethroid. 

&KDL� DQG�/HH� ������� UHSRUWHG� WKDW� VHYHUDO� ¿HOG�FROOHFWHG�*HUPDQ� FRFNURDFK� SRSXODWLRQV�
from Singapore were resistant to indoxacarb, even though these cockroach populations were never 
exposed to this insecticide. We suspect that this phenomenon was due to cross-resistance from 
pyrethroid. Several insect pests have shown cross-resistance between pyrethroid and indoxacarb 
due to elevated monooxgenase and esterase (Ahmad and Hollingworth, 2004; Shono et al., 2004; 

Indoxacarb Resistance in the German Cockroach After Bait Selection
Ling-Hui Ang, Nazni Wasi Ahmad, and Chow-Yang Lee



400 Ling-Hui Ang, Nazni Wasi Ahmad, and Chow-Yang Lee

Ahmad and Arif, 2009; Nehare et al., 2010). However, information about the indoxacarb resistance 
mechanism and the potential for cross-resistance between pyrethroid and indoxacarb in B. germanica 
are limited.  

7KLV�VWXG\�UHSRUWV�WKH�UHVLVWDQFH�VWDWXV�RI�VL[�¿HOG�FROOHFWHG�VWUDLQV�RI�WKH�*HUPDQ�FRFNURDFK�
from Singapore to indoxacarb and other commonly used insecticides. In addition, three strains were 
selected and subjected to insecticide selection using indoxacarb bait. 

MATERIALS AND METHODS
6L[�¿HOG�FROOHFWHG�VWUDLQV�RI�*HUPDQ�FRFNURDFK�ZHUH�XVHG�LQ�WKLV�VWXG\��%��7DPSLQHV�&HQWUDO��%HDFK�
5RDG��%RDW�4XD\��9LFWRULD�6WUHHW��&DYHQDJK�5RDG��DQG�*KLPPRK�5RDG��$�ODERUDWRU\�LQVHFWLFLGH�
susceptible reference strain that originated at the Environmental Health Institute (EHI), Singapore 
was used for comparison. Technical grade deltamethrin, chlorpyrifos, imidacloprid, DDT and 
bendiocarb, indoxacarb, chlorantraniliprole, and acetamiprid diluted in analytical grade acetone 
were used.

7HQ�DGXOW�PDOHV�DJHG��±��ZHHNV�ZHUH�LPPRELOL]HG�ZLWK�&22 prior to topical application. One 
ȝO�RI�LQVHFWLFLGH�VROXWLRQ�ZDV�SODFHG�RQ�WKH�¿UVW�VHJPHQW�RI�WKH�FRFNURDFK�DEGRPLQDO�VWHUQLWHV�XVLQJ�
D�PLFURDSSOLFDWRU� �%XUNDUG� 6FLHQWL¿F� /WG���0LGGOHVH[��8.���7UHDWHG� FRFNURDFKHV�ZHUH� WUDQVIHUUHG�
into a clean Petri dish supplied with dog food and a wet cotton ball. Mortality of the cockroaches was 
VFRUHG����K�DIWHU�WUHDWPHQW��$�WRWDO�RI��±��GRVHV�UHVXOWLQJ�LQ�!����WR�������FRFNURDFK�PRUWDOLW\��ZHUH�
HYDOXDWHG�IRU�HDFK�LQVHFWLFLGH�DQG�WKH�H[SHULPHQW�ZDV�UHSOLFDWHG���±���WLPHV�

Advion® (0.6% indoxacarb) cockroach gel bait was used for the bait assay against the 
VXVFHSWLEOH� DQG� ¿HOG�FROOHFWHG� VWUDLQV�� 7HQ� DGXOW� PDOHV� ZHUH� UHOHDVHG� LQWR� WKH� WHVW� DUHQD� WKDW� ZDV�
provisioned with harborage and water and acclimatized for 24-h before the bait placement. Dead or 
unhealthy individuals were replaced immediately before the bait assay. Dog food was provided ad 
libitum and placed at one corner of the arena, while 0.1 g gel bait was placed at the other corner. 
0RUWDOLW\�RI�WKH�FRFNURDFKHV�ZDV�VFRUHG�HYHU\��±��K�XQWLO�DOO�FRFNURDFKHV�ZHUH�GHDG��(DFK�EDLW�DVVD\�
was replicated four times. 

Based on the topical bioassay results, three strains (Cavenagh Road, Ghimmoh Road, and 
%RDW�4XD\��ZHUH�FKRVHQ�DQG�VXEMHFWHG�WR�EDLW�VHOHFWLRQ��$SSUR[LPDWHO\���J�RI�LQGR[DFDUE�EDLW�ZHUH�
LQWURGXFHG� WR� WKH� FRFNURDFKHV� LQ� WKH� UHDULQJ� WDQN�ZLWKRXW� DQ� DOWHUQDWLYH� IRRG� VRXUFH��$IWHU� ��±���
h of exposure when approximately 80% of the test cockroaches were dead, the dead and moribund 
cockroaches, and the bait were removed from the rearing tank. The remaining survivors were provided 
ZLWK�GU\�GRJ�IRRG�DQG�UHDUHG�XQGHU�ODERUDWRU\�FRQGLWLRQV��$GXOW�PDOH�RIIVSULQJ��DJHG��±��ZHHNV��RI�
selected generations of the three strains were evaluated with topical and bait assays to determine the 
effect of bait selection on the susceptibility of the cockroach populations to indoxacarb.

All mortality data were subjected to probit analysis. Resistance ratio (RR) was calculated by 
GLYLGLQJ�WKH�/'�RI�¿HOG�FROOHFWHG�VWUDLQV�E\�WKH�FRUUHVSRQGLQJ�/'�RI�WKH�VXVFHSWLEOH�VWUDLQ��7KH�55�ZDV�
FODVVL¿HG�LQWR�¿YH�FDWHJRULHV�DFFRUGLQJ�WR�/HH�DQG�/HH��������DQG�&KDL�DQG�/HH�������������DEVHQFH�
RI�UHVLVWDQFH����WR����ORZ�UHVLVWDQFH���� WR ��� PRGHUDWH UHVLVWDQFH� �� WR ��� KLJK UHVLVWDQFH� DQG !���
very high resistance. The synergism ratio (SR) was calculated by dividing the LD of deltamethrin alone 
by the LD of deltamethrin + synergist for the same strain. Comparisons of LD and LT values among 
FRFNURDFK�VWUDLQV�ZHUH�EDVHG�RQ�WKH�RYHUODS�RI�WKHLU�UHVSHFWLYH�����¿GXFLDO�OLPLWV��)/V���5HODWLRQVKLSV�
between all tested insecticides were determined using pairwise correlation analysis of LD and RR 
values.
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RESULTS 
Based on the toxicity results of the EHI strain, deltamethrin was the most toxic insecticide, whereas 
acetamiprid was the least toxic. The Cavenagh Road strain showed the highest resistance level among the 
¿HOG�FROOHFWHG�VWUDLQV��7KH�UHVXOWV�VKRZHG�WKDW�DOO�VWUDLQV�ZHUH�VXVFHSWLEOH�WR�DFHWDPLSULG��LPLGDFORSULG�
and chlorantraniliprole. Deltamethrin resistance levels ranged from 5.8 to 55.6-fold, and DDT resistance 
levels were >2.6-fold. Low to moderate indoxacarb resistance was found in several strains. The Boat 
4XD\��&DYHQDJK�5RDG��DQG�*KLPPRK�5RDG�VWUDLQV�VKRZHG�ORZ�WR�PRGHUDWH�FKORUS\ULIRV�UHVLVWDQFH��,Q�
contrast, no chlorpyrifos resistance was detected in the B1 Tampines Central, Beach Road, and Victoria 
Street strains. Low resistance to bendiocarb was also recorded in the studied strains. Out of the six 
¿HOG�FROOHFWHG�VWUDLQV�WHVWHG�RQ�LQGR[DFDUE�EDLW��RQO\�WZR�VWUDLQV�H[KLELWHG�QR�VLJQL¿FDQW�GLIIHUHQFH�
in LT50 values compared to that of EHI susceptible strain. The Cavenagh Road and Ghimmoh Road 
VWUDLQV�VKRZHG�VLJQL¿FDQWO\�KLJKHU�/750 values than the EHI susceptible strain. 

Pairwise correlations of LD50 and RR50�YDOXHV�DPRQJ�¿HOG�FROOHFWHG�VWUDLQV�IRU�DOO�LQVHFWLFLGHV�
tested revealed no correlation between all insecticides and the cockroach strains, except for a positive 
VLJQL¿FDQW�FRUUHODWLRQ��3���������5� �������IRU�/'50, R = 0.972 for RR50) between deltamethrin and 
indoxacarb.

%RDW�4XD\��&DYHQDJK�5RDG��DQG�*KLPPRK�5RDG�H[KLELWHG�LQFUHDVHG�LQGR[DFDUE�UHVLVWDQFH�
after selection. These strains showed reduced resistance against three other conventional insecticides 
�GHOWDPHWKULQ��EHQGLRFDUE��DQG�FKORUS\ULIRV���7KH�%RDW�4XD\�VWUDLQ�H[KLELWHG� WKH�KLJKHVW�/750 at F5 
JHQHUDWLRQ��7KLV�YDOXH�ZDV�VLJQL¿FDQWO\�GLIIHUHQW��3���������IURP�WKDW�RI�WKH�SDUHQWDO�JHQHUDWLRQ��7KH�)5 
JHQHUDWLRQV�RI�WKH�&DYHQDJK�5RDG�DQG�*KLPPRK�5RDG�VWUDLQV�VKRZHG�VLJQL¿FDQWO\�KLJKHU��3���������
LT50 values compared to that of the EHI susceptible strain (Figure 1). 

DISCUSSION
The topical bioassay revealed a low level of indoxacarb resistance in the cockroach strains. Indoxacarb 
resistance was possibly caused through cross-resistance from deltamethrin and was shown in the 
correlation analysis. Indoxacarb in bait formulation, was never used against these populations of the 
*HUPDQ�FRFNURDFKHV�LQ�WKH�¿HOG��7KH�EDLW�DVVD\�UHYHDOHG�WKDW�RXU�FRFNURDFK�VWUDLQV�KDG�D�VLJQL¿FDQWO\�
lower resistance to indoxacarb (i.e., oral ingestion) compared to topical application (Gondhalekar et al. 

Figure 1. LT50 of all generations (from 
parental to F5) of three indoxacarb-selected 
cockroach strains determined using bait 
assay.
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2011; Gondhalekar et al. 2013). This likely is because the midgut cells of cockroaches contain a high 
concentration of esterase/amidase-like enzymes, which are responsible for indoxacarb bioactivation 
(Wing et al., 1998; Wing et al., 2005). Reierson (1995) reported that a single adult German cockroach 
can consume at least 1 mg of food in a single meal. The indoxacarb bait formulation that we used 
contains 0.6% of active ingredient; thus, a cockroach will ingest ~6 µg of indoxacarb in 1 mg of bait. 
In addition, this compound exhibits poor cuticular penetration (Yu and McCord, 2007). The cross-
resistance between members of pyrethroid class and indoxacarb, had been reported in other pest insects, 
such as the spotted bollworm Earias vittella (F) (Ahmad and Arif, 2009), obliquebanded leafroller 
Choristoneura rosaceana��+DUULV���$KPDG�DQG�+ROOLQJZRUWK���������DQG�KRXVHÀ\�Musca domestica 
(L) (Shono et al., 2004).

Deltamethrin and indoxacarb share a similar target site (i.e., the voltage-gated sodium channel) 
(Soderlund 2005). However, the differences in mode of action (Lapied et al., 2001; Narahashi, 2002; 
Yu, 2008) and binding sites in the channel (Wing et al., 2005) might explain the different resistance 
OHYHOV�RI�GHOWDPHWKULQ�����±����[��DQG�LQGR[DFDUE�����±���[���

After 5 generations of selection, no correlation was found between the susceptibility of the 
cockroaches to indoxacarb and those of deltamethrin. The deltamethrin resistance in the indoxacarb-
VHOHFWHG�SRSXODWLRQV�ZDV� VLJQL¿FDQWO\� UHGXFHG� IURP� WKDW� RI� WKH�SDUHQWDO� JHQHUDWLRQV��7KH� VHOHFWLRQ�
process using indoxacarb bait might have changed the resistance mechanisms in these strains that they 
EHFDPH� LQGR[DFDUE�VSHFL¿F��'HOWDPHWKULQ�PD\� VHOHFW� IRU� ORZ� LQGR[DFDUE� UHVLVWDQFH�� KRZHYHU� LW� LV�
not possible vice-versa. Indoxacarb gel is still considered effective against these indoxacarb-selected 
cockroaches as all cockroaches died within 2 weeks after treatment.

In conclusion, cross-resistance is an important issue to consider, especially when a new 
insecticide with a similar target site is being introduced. This problem should not be underestimated 
because of its potential in shortening the longevity of the effectiveness of an insecticide. An 
understanding of the resistance mechanism and how resistance develops are essential to develop an 
effective resistance pest management strategy against urban insect pests.
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