
1086© The Author(s) 2024. Published by Oxford University Press on behalf of Entomological Society of America. All rights reserved. For commercial re-use, 
please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the 
Permissions link on the article page on our site—for further information please contact journals.permissions@oup.com.

Household and Structural Insects

Toxicity of isocycloseram, an isoxazoline insecticide, 
against laboratory and field-collected German 
cockroaches (Blattodea: Ectobiidae)
Shao-Hung Lee1,*, , John So1, Gregory S. Kund1, , Jun-Yin Lum1, Ethan Trinh1, 
Emily L. Ta1, Rattanan Chungsawat1, , Dong-Hwan Choe1, , David L. Cox2, 
Michael K. Rust1, , Chow-Yang Lee1,*,

1Department of Entomology, University of California, 900 University Avenue, Riverside, CA 92521, USA, 2Syngenta Professional 
Solutions, 14446 Huntington Road, Madera, CA 93636, USA *Corresponding authors, mail: slee228@ucr.edu (S.-H. L.); chowyang.
lee@ucr.edu (C.-Y. L.)

Subject Editor: Arthur Appel

Received on 21 January 2024; revised on 18 March 2024; accepted on 2 April 2024

Isocycloseram is a new insecticide in the isoxazoline class that targets insect GABA-gated chloride channels. 
In this study, we evaluated a cockroach gel bait formulation containing 1% isocycloseram against a suscep-
tible strain (UCR) and 5 field-collected strains (WM, RG386, Ryan, CDR, and SY) of the German cockroach, 
Blattella germanica (L.) (Blattodea: Ectobiidae), and compared it with several commercial insecticide baits in 
the laboratory. Using the Ebeling choice box method, we also tested a residual deposit of an SC formulation 
of isocycloseram against the UCR, RG386, and Ryan strains. The isocycloseram bait was among the fastest-
performing treatments against adult males (mean survival time: 0.9–2.7 days) and mixed stages and sexes 
(mean survival time: 1.4–5.4 days) across all strains. Secondary transfer effects of the bait were demonstrated 
in the UCR strain by exposing new adult males to individuals killed by direct bait treatment. Physiological re-
sistance was not detected in the WM, CDR, and RG386 strains with topical treatment of a diagnostic dose (3× 
LD95) of isocycloseram developed using the UCR strain. However, topical assays revealed resistance ratios 
(RR50) of 1.6 and 3.0× in the Ryan and SY strains, respectively. The performance of a 0.05% isocycloseram re-
sidual application against the Ryan strain was improved with the addition of piperonyl butoxide.
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Introduction

The German cockroach, Blattella germanica (L.) (Blattodea: 
Ectobiidae), is one of the most important indoor insect pests of 
public health importance worldwide (Lee and Wang 2021). Two sig-
nificant health risks are associated with German cockroach infesta-
tion in homes: transmission of pathogenic microbes (also as vectors 
of antibiotic resistance genes) and producers of metabolites that 
could trigger allergies and asthma (Schal and DeVries 2021). The 
control of this species has relied heavily on the use of insecticides. 
Frequent usage and heavy reliance on insecticides have led to the 
development of widespread resistance in the German cockroach 
(Scharf and Gondhalekar 2021, Lee et al. 2022a).

Adopting new insecticides for German cockroach management 
requires caution because of widespread resistance in the species. 
Resistance management strategies such as rotations and mixtures 

are often recommended to ensure proper control and to preempt 
further resistance development (Scharf and Gondhalekar 2021). 
Because implementing these methods depends on the availability of 
insecticides across different modes of action, introducing compounds 
with unique mechanisms is vital to continue using common resist-
ance management strategies.

Isocycloseram, also known as Plinazolin, belongs to the novel 
class of isoxazolines (Cassayre et al. 2021). It is categorized under 
the IRAC Mode of Action Group 30 along with meta-diamides 
(GABA-gated chloride channel allosteric modulators). It is active 
at low rates against a broad spectrum of arthropod pests such as 
Lepidoptera, Coleoptera, Thysanoptera, and Diptera (Blythe et al. 
2022, Palumbo 2022a, 2022b, Buzza and Alyokhin 2023). To date, 
no commercial insecticides for B. germanica share the same mode of 
action as isocycloseram.
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Topical applications of isocycloseram on the UCR adult males 
resulted in a 72 h LD50 of 0.015 (0.013–0.017) μg/insect and LD95 of 
0.047 (0.040–0.059) μg/insect (Table 4). Mortality of the field strains 
from topical applications of the diagnostic dose (3 × LD95) (0.14 μg/
insect) was 97.5%–100% for WM, CDR, and RG386 strains and 
90% for the Ryan and SY strains. The LD50 of isocycloseram for 
Ryan strain adult males was 0.022 (0.019–0.024) μg/insect, resulting 
in a resistance ratio (RR50) of 1.6 (1.4–1.7) (Table 4). The LD50 of 
isocycloseram for SY strain adult males was 0.042 (0.036–0.048) 
μg/insect, resulting in an RR50 of 3.0 (2.6–3.6) (Table 4).

The UCR and RG386 strains had similar slopes in the choice 
box assay. They reached PIs of 100, indicating complete kill (Fig. 4). 
Isocycloseram alone did not cause complete mortality for the Ryan 
strain, with a PI of ~69.4. At the same time, the combination of PBO 

and isocycloseram resulted in complete mortality (Fig. 4). The lack 
of negative PI suggests that there was no repellency detected in the 
isocycloseram residual treatment (Supplementary Table S1).

Discussion

When tested against adult male German cockroaches of susceptible 
and field-collected strains, the 1% isocycloseram bait showed compa-
rable performance to the other the gel baits evaluated. Despite overt 
resistance toward some baits, such as Siege, Alpine, and Maxforce 
FC Magnum, the performance of the isocycloseram bait was not 
similarly compromised, indicating a lack of cross-resistance to the 
isocycloseram bait, supporting similar findings of previous studies 
on other insect species (Sun et al. 2023). The strain-wise comparison 

Fig. 1. Survivorship of adult male cockroaches of the A) UCR, B) WM, C) RG386, D) Ryan, E) CDR, and F) SY treated with baits. Different letters by the figure legend 
indicate significant differences between treatments (log-rank test; α = 0.05).
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more toxic than indoxacarb and clothianidin (LD50 = 0.1100 and 
0.0199 μg/insect, respectively) (Lee et al. 2022a). Topical treatments 
with the 3× LD95 of the UCR strain (diagnostic dose) caused high 
mortality (>97.5%) in the WM, CDR, and RG386 strains, suggesting 
a lack of contact resistance towards isocycloseram (ffrench-Constant 
and Roush 1990). The Ryan and SY strains had 10% survivors from 

the diagnostic dose and were 1.6 and 3.0× less sensitive based on 
topical application, respectively (Table 4). Although low levels of in-
sensitivity do not necessarily cause observable problems with treat-
ment efficacy, it is a sign that alleles that decrease susceptibility are 
present in a subset of the population (ffrench-Constant and Roush 
1990).

Fig. 2. Survivorship of mixed stages and sexes of the A) UCR, B) RG386, and C) Ryan strains treated with baits. Different letters by the figure legend indicate 
significant differences between treatments (log-rank test; α = 0.05).

Table 2. Survival time and mortality of mixed stages and sexes treated with baits

Strain Treatment Mean survival time (days) 95% CI % Total mortalitya

UCR 1% isocycloseram 1.4 1.2–1.5 95.7
Advion 2.5 2.2–2.7 77.3
Alpine 1.7 1.5–2.0 86.6
Maxforce FC Magnum 1.5 1.3–1.7 96.3
Vendetta 3.0 2.7–3.2 89.5
Control – – 10.0

RG386 1% isocycloseram 5.1 4.5–5.8 83.0
Advion 7.1 6.4–7.8 77.1
Alpine 9.5 8.8–10.2 57.7
Maxforce FC Magnum 9.0 8.2–9.7 60.9
Vendetta 7.7 7.0–8.3 83.2
Control – – 4.4

Ryan 1% isocycloseram 5.4 4.5–6.1 82.6
Advion 5.3 4.6–5.9 90.8
Alpine 7.5 6.5–8.5 65.3
Maxforce FC Magnum 6.3 5.5–7.0 79.6
Vendetta 7.6 7.0–8.3 88.5
Control – – 2.6

aMortality at 14 days for RG386 and Ryan, 5 days for UCR.
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Variation in susceptibility to isocycloseram among field-collected 
populations with known resistance to various classes of insecticides 
suggests that establishing proper rates to control all individuals in 
cockroach populations will minimize the chance for the escape of 

more tolerant individuals, which may lead to the development of 
a resistant population. Such variations in susceptibility were most 
clearly reflected in the choice box assay, in which the UCR and 
RG386 strains reached PIs of 100 when exposed to panels treated 

Fig. 3. Survivorship of UCR adult males from A) direct bait treatment and B) secondary mortality exposure. Different letters by the figure legend indicate 
significant differences between treatments (log-rank test; α = 0.05).

Table 3. Survival time and mortality of the UCR strain adult males from direct bait treatment and secondary mortality exposure

Exposure type Treatment Mean survival time (days) 95% CI % Total mortality at 7 days

Direct Control — — 0.0%
Advion Evolution 3.6 (3.5–3.7) 100.0%
Maxforce FC Magnum 1.9 (1.8–1.9) 100.0%
Alpine 1.6 (1.4–1.7) 100.0%
Vendetta 2.9 (2.6–3.1) 100.0%
1% isocycloseram 1.3 (1.2–1.4) 100.0%

Secondary Control — — 0.0%
Advion Evolution 2.9 (2.7–3.0) 100.0%
Maxforce FC Magnum 1.9 (1.7–2.0) 100.0%
Alpine 2.7 (2.3–3.2) 100.0%
Vendetta 1.8 (1.7–2.0) 100.0%
1% isocycloseram 1.5 (1.3–1.7) 100.0%

Fig 4. Response of the UCR, RG386, and Ryan adult males exposed to treated panels (0.05% isocycloseram [ISO], 0.5% piperonyl butoxide [PBO], and/or no 
treatment [control]) in the choice box assay.
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