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INTRODUCTION 

This study utilizes a suite of cross-disciplinary 
methods to elucidate the mode of action of highly 
active, novel insecticidal plant extracts. These 
include bioassays at the whole organism and cellular 
level, fluorescence microscopy  to measure 
associated biochemical stress responses, 
electrophysiology to elucidate ion flux and channel 
behaviour, and finally relating these measurements 
to gene expression by transcriptomic analysis. Initial 
bioassays using cotton bollworm (Helicoverpa 
armigera), cotton aphid (Aphis gossypii) and two-
spotted spider mite (Tetranychus urticae) identified 
three novel extracts with insecticidal potential.  
 

The main research questions  we to aim to answer 
are: 
1. Does a correlation exist between the insecticidal 

effects at the whole organism level and those at 
the cellular level? 

2. What is the target site(s) and how does the 
candidate compound affect the target site(s)? 

3. Does the candidate compound affect genetic 
regulation in the target organism?  

METHODS AND MATERIALS 

Absorbance spectrometry results from 13 extracts showed that 68N was 
the most effective extract causing the greatest inhibition of cell growth, 
followed by 82N. Whole organism bioassay results showed that extract 
68N did not kill adult flies or bees, presumable due to cuticle barriers, 
although mortality of cotton aphids was rapid even at low concentrations. 

DISCUSSION 
Most insecticides are nerve poisons that cause 
prolonged toxicant effects due to poor detoxification 
mechanisms in the nervous system. However, 
impacts on metabolic pathways as secondary sites 
must also be considered1.  
 

Pest resistance to many insecticides including 
pyrethroids via mechanisms associated with 
increased metabolism and detoxification are also 
commonplace, therefore new chemistries must be 
assessed for enzymatic response before being 
considered as a viable new option. 
 

Findings to date indicate that two compounds, 68N 
and 72N, may have ion channel-related modes of 
action while 82N may employ non-neuronal toxicity. 
Whilst some other extracts showed toxicity to at 
least one cotton pest, the above three extracts show 
potential to become valuable tools in cotton IPM 
programs, targeting multiple pests without harming 
non-target species. 
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Figures 1 (A&B) & 2 (A&B). Results are shown as the relative growth percentage to starting concentration 

(n=3 plates, totalling 15 wells per treatment). Negative control (DMSO 1%), positive controls, pyrethrum and 

extract W11N, treatments extract #10N, #33N, #W44N, #55N, #61P, #68P, #68N, #72P, #72N, #78N, #82P, 

#82N, #100N. The average seeding rate was 0.5 million cells per ml at a viability rate of at least 95.0%. Each 

plotted value is the mean ± SE (n=15). 

Fluorescence microscopy results validate the use of reactive oxygen species 
as an early stress indicator. Each extract showed a distinct pattern of 
response with a clear distinction in post-treatment ROS production when 
compared to a fairly steady ROS production within untreated cells.  

Electrophysiology results showed extract 68N elicited dual activity of both 
potassium and sodium efflux. All extracts caused an immediate reversal of 
chloride flux from steady efflux under control conditions to rapid influx once 
the treatment was added. Extract 72N suppressed the extremity of chloride 
influx suggesting a Cl- channel blocking effect. Extract 82N caused greater 
potassium efflux than any other extract;  and of a similar level to pyrethrum.  

Drosophila melanogaster (D.mel-S2) cells were 
challenged with 13 extracts at final concentrations of 
0.01% w/v with two known insecticides as positive 
controls, pyrethrum and W11N, and the background 
diluent DMSO as a negative control. Growth 
inhibition was measured using absorbance 
spectrometry (OD600), kinetically for 4 hours, then 
mortality was counted at the endpoint using a 
haemocytometer.  
 

Wild type ferment fly (D. melanogaster) adults, 
isolated soon after emergence, were subsequently 
separated into mated females and virgins (for later 
RNA sequencing). Whole organism bioassay was 
performed using extract 68N at dilutions between 
2.0%  and 0.0625% w/v, delivered via a Potter 
precision spray tower onto flies and gravid cotton 
aphids. 
 

Reactive Oxygen Species (ROS) was measured by 
confocal fluorescence microscopy of D.mel-S2 cells 
using a selection of extracts. Cells were dyed with 
2',7'-dichlorodihydrofluorescein diacetate.  
 

Electrophysiology studies measured the net K+, Na+ 
and Cl- ion flux of a population of cells and compared 
the three most potent extracts against positive and 
negative controls. 
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RESULTS 

Figures 4-9. The MIFE trace of ion flux changes of the extract tested is provided to show the magnitude and real-

time response curve. Then, the bar graphs for each extract are given for a direct comparison to both the negative 

and positive controls as a percentage of the flux relative its respective control, showing both immediate transient 

(first approx.10 mins) and stabilizing (next approx. 20 mins) response to each treatment  

Image 1 & 2. Confocal images before and after extract 

treatment of 10N at 0.1% w/v. 

Figure 3. Relative percentage of change in 

ROS fluorescence 


