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Molecules To Protect The Brain From Nerve
Gas

Medicinal Chemistry: Family of small molecules can enter the brain and counteract
organophosphate poisons

By Aaron Rowe
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Altered Oximes

The amidine groups of these potential nerve gas antidotes help them cross the blood-brain barrier.
In each molecule, R represents several possible chemical groups, including n-butyl and phenyl
groups.

Credit: J. Med. Chem.
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Antidote Shots
In case of a nerve gas attack, soldiers carry automatic injecting syringes like these filled with
antidotes to nerve agents.

Credit: US Air Force / Maria Ruiz

A new family of oxime compounds can cross the blood-brain barrier in mice and protect the
animals from nerve gas poisoning (J. Med. Chem., DOI: 10.1021/jm201364d). The researchers
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who developed them hope the molecules could serve as antidotes for exposure to the gases or
certain pesticides.

Nerve gases such as sarin and pesticides such as chlorpyrifos are organophosphate molecules

that wreak havoc on the nervous system by gumming up a pair of enzymes called cholinesterases.
With the enzymes out of commission, the neurotransmitter acetylcholine builds up around nerve
cells, leading to vomiting, seizures, respiratory failure, and sometimes death.

One of the most common antidotes for nerve gas exposure is pralidoxime. (Soldiers carry
syringes filled with the compound in case of a chemical weapons attack.) It reactivates
cholinesterases when the molecule’s oxime group breaks the bond formed between the
organophosphate and the enzyme.

But pralidoxime has a problem: It contains a positively charged quaternary amine, which
prevents it from slipping through the blood-brain barrier. So although pralidoxime can undo
paralysis in respiratory tissue, it can’t alleviate problems within the central nervous system.

To overcome this problem, John Cashman and his team at the Human BioMolecular Research
Institute, a nonprofit organization in San Diego, designed a set of oximes that replace the
quaternary amine with an amidine. This group can be neutral in charge, allowing the molecule to
pass into the brain.

In a test of the new molecules’ efficacies, several of them protected mice from a lethal dose of
a sarin mimic when researchers injected the compounds into the animals. None of the treated
mice succumbed to the poison, but half of the mice that received no treatment died. The
researchers found high levels of the amidine-oximes in the treated animals’ brains.

Next Cashman and his colleagues want to test their compounds to see if they can protect the
brain from pesticide poisoning.
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