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Inhibitory Effect of Chlorine Dioxide Using Reactive Oxygen Species Against

Heart Contraction of the Indianmeal Moth, Plodia interpunctella

Chul-young Kim, Hyeok Kwon', Wook Kim' and Yonggyun Kim*

Department of Plant Medicals, Andong National University, Andong 36729, Republic of Korea
'Department of Biosystems and Biotechnology, Korea University, Seoul 02841, Korea

ABSTRACT: Heart contraction is essential for insect hemolymph circulation, in which various physiological changes need control of
the heart contraction. Thus, interruption of heartbeats intimidate insect survival. Chlorine dioxide induces release of reactive oxygen
species (ROS), which has been regarded as the main insecticidal agent. This study analyzed the effect of chlorine dioxide on heartbeats
of the Indianmeal moth, Plodia interpunctella. The larvae have the dorsal vessel on the medial dorsal region in a form of an extending tube
from the first thorax to 10th abdominal segment. Dorsal vessel contraction was noticeable between 3rd and 10th abdominal segments,
where five heart chambers were observed. Average heartbeat rate was 118.6 beats per min at 25 C . However, the heartbeats varied with
ambient temperature. Injection of chlorine dioxide to hemocoel suppressed the heartbeats in a dose-dependent manner. The suppressive
effect of chlorine dioxide also increased with exposure time to gas form of the chemical at 100 ppm. However, vitamin E (an antioxidant
against ROS) treatment significantly rescued the larvae treated with chlorine dioxide in the heart contraction activity. These results
suggest that chlorine dioxide negatively influences on the heart contraction of P. interpunctella via its production of ROS.
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Fig. 1. Structure of dorsal vessel of P. interpunctella larvae.
External view was taken from dorsal view (50 x magnification), in
which three thorax segments (T1-T3) and eleven abdominal
segments (A1-A11) are discernable. Dorsal vessel (within dotted
line) was visible through transparent cuticle. Internal view was
obtained from dissection. To be visible, tissues were stained with
0.05% methylene blue. Five circles indicate five heart chambers
(C1-C5, 50 x magnification). These heart chambers are magnified
(100 x) and show wing-shaped alary muscles.
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Fig. 2. Influence of ambient temperature on heartbeats of £
interpunctellalarvae. Five different larvae were assessed in each
temperature treatment. Different letters above standard deviation
bars indicate significant difference among means at Type | error=
0.05.
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Fig. 3. Inhibitory effect of chlorine dioxide (ClO,) on heartbeats of
P. interpunctellalarvae. CIO, was injected to hemocoel in 300 nL
volume. After 20 min, the heartbeats were measured. Five different
larvae were assessed in each temperature treatment. Different
letters above standard deviation bars indicate significant difference
among means at Type | error = 0.05.
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Fig. 4. Exposure to gas form of 100 ppm chlorine dioxide (CIO,)
and its time-dependent influence on heartbeats of 2. interpunctella
larvae. Right after the gas treatment, the heartbeats were
measured. Five different larvae were assessed in each temperature
treatment. Different letters above standard deviation bars indicate
significant difference among means at Type | error = 0.05.
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Fig. 5. Rescue effect of vitamin E (475 ng per larva) on P.
interpunctellalarvae treated with chlorine dioxide (CIO,, 400 ppm).
At 20 min after chemical injection, the heartbeats were measured.
Five different larvae were assessed in each temperature treatment.
Different letters above standard deviation bars indicate significant
difference among means at Type | error = 0.05.
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