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Organophosphorus pesticides are toxic compounds that are used in the agricultural industry to kill insects 
and pests that target cultivable crops. Nerve agents are organophosphorus compounds which can be used 
for chemical warfare. These agents have been used in the past during the Skripal poisoning in 2018 at 
Salisbury, United Kingdom as well as recently in 2020 in Russia during poisoning of Alexei Navalny1. These 
organophosphorus compounds (OPs) target an enzyme in human body called acetylcholinesterase (AChE). 
AChE is a serine hydrolase found in human brain synapses, neuromuscular junctions as well as on the 
surface of red blood cells (RBCs). AChE hydrolyses the neurotransmitter acetylcholine via its glutamate-
histidine-serine catalytic triad and thereby terminating the neuronal signal. OPs bind covalently to the 
serine residue in the triad thereby blocking AChE function and leading to an increase in acetylcholine levels 
in the synaptic cleft or neuromuscular junction. OP poisoning can lead to seizures and respiratory 
termination that could lead to death if not treated2. To help develop better therapeutics for these 
compounds, it is necessary to determine how OPs are metabolized in the human body. Cytochrome P450 
(CYPs) are monooxygenases found in the human body that are responsible for metabolizing the majority 
of xenobiotics and other foreign substances that enter the human body and as such are important in 
studying the metabolism of foreign compounds such as OPs3. The purpose of this study is to determine 
how CYPs metabolize OPs and which OPs are CYP activators, inhibitors or not metabolized. In this study 
we have used 6 human CYPs CYP1A2, CYP3A4, CYP2C9, CYP2C19, CYP2D6 and CYP2B6. An assay has been 
developed for each of the CYPs using different fluorogenic substrates based on Michalis-Menten enzyme 
kinetics. Km and Vmax values have been determined using each CYP-substrate pair namely, CYP1A2 with 
Ethoxy resorufin; CYP2C9 with Ethoxy resorufin; CYP2D6 with Ethoxy resorufin, CYP2C19 with 3-O-methyl 
fluorescein, CYP2B6 with Benzyl resorufin ether, and CYP3A4 with Dibenzyl fluorescein. We have then 
used CYP selective inhibitors to further validate the developed methods. We found that selective 
inhibitors reduced the CYP activity in a dose dependent manner and have further used 0% and 100% 
inhibitory concentrations of the inhibitors as controls during OP screening studies. Initially, a 10 µM 
concentration of OPs was tested to determine their inhibitory potency to reduce CYP activity. Then, OPs 
capable of reducing the activity more than 75% at this initial concentration were then subjected to second 
round of screening at a 1 µM concentration. The most potent OPs in the second screening which still 
inhibited >70% of the CYP activity at the lower concentration were then subjected to a full IC50 analysis. 
This study is critical to determine the metabolic effects of OPs in humans. This information can then be 
used to help develop CYP-based or small-molecule CYP inhibitor-based therapies for OP poisoning.  

References:  

1. Nosseir, O. and Hadad, C., 2021. Chemical Warfare Agents and Treatments. American Chemical Society. 
2. Dvir, H., Silman, I., Harel, M., Rosenberry, T.L. and Sussman, J.L., 2010. Acetylcholinesterase: from 3D 

structure to function. Chemico-biological interactions, 187(1-3), pp.10-22. 
3. Manikandan, P. and Nagini, S., 2018. Cytochrome P450 structure, function, and clinical significance: a 

review. Current drug targets, 19(1), pp.38-54. 



 

Acknowledgments: 

The authors would like to acknowledge Defense Threat reduction agency (DTRA-US Army), Battelle corporation 
and collaboration pharmaceutical companies for their funding and guidance. 


