Rodenticide Profile & Listing

Below is an overview of the principal rodenticide classes used in agricultural settings,
their key active ingredients and typical uses, molecular targets and modes of action
(MOA), known human-health hazards (with biochemical and cellular interactions),
relative acute toxicities, and a brief sketch of their industrial manufacture.

1. Anticoagulant Rodenticides

Anticoagulants remain the most widely used rodenticides, disrupting the vitamin K cycle
and causing fatal hemorrhage.

1.1 First-Generation Anticoagulants (FGARs)

e Actives & Uses:

o Warfarin, Chlorophacinone, Diphacinone—historically deployed in
cereal-grain baits for rats and mice.

e MOA:
o Inhibit vitamin K epoxide reductase (VKOR) in the liver, preventing

regeneration of reduced vitamin K, thereby blocking y-carboxylation of
clotting factors Il, VII, IX, and X.

e Human Hazards:

o Acute toxicity: moderate (oral LDso ~ 20—200 mg/kg for warfarin
derivatives).

o Clinical: bleeding, ecchymoses, hemorrhagic shock at high doses.

o Biochemical: prolongation of prothrombin time (PT), depletion of vitamin
K—dependent clotting factors (US EPA, NCBI).



https://www.epa.gov/rodenticides/rodent-control-pesticide-safety-review?utm_source=chatgpt.com
https://www.ncbi.nlm.nih.gov/books/NBK554428/?utm_source=chatgpt.com

e Manufacture:

o Coupling of 4-hydroxycoumarin with varying arylacetyl chlorides under
basic catalysis; purification by recrystallization.

1.2 Second-Generation Anticoagulants (SGARs, “Superwarfarins”)

e Actives & Uses:

o Brodifacoum, Bromadiolone, Difenacoum, Difethialone—higher
potency, single-feed kills for warfarin-resistant rodents (PMC, US EPA).

e MOA:

o Same VKOR inhibition but with far greater affinity and persistence in
tissues.

e Human Hazards:

o Extreme potency: LDso often < 1 mg/kg in rodents; human poisoning
yields prolonged coagulopathy requiring weeks—months of vitamin Ki
therapy.

o Cellular: deposition in liver and fat, slow elimination half-lives (up to
months), risk of recurrent bleeding (PMC).


https://pmc.ncbi.nlm.nih.gov/articles/PMC6996659/?utm_source=chatgpt.com
https://www.epa.gov/rodenticides/rodent-control-pesticide-safety-review?utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC6996659/?utm_source=chatgpt.com

e Manufacture:

o Multi-step synthesis from 4-hydroxycoumarin and highly halogenated
benzylic intermediates; stringent control to minimize dioxin-like impurities.

2. Non-Anticoagulant Rodenticides

These rely on alternative targets—mitochondrial toxins, calcium dysregulation,
phosphides, or convulsants.

2.1 Bromethalin

e Use: single-feed control in both indoor and field baits.

e MOA: uncouples oxidative phosphorylation in mitochondria by collapsing the
proton gradient across the inner mitochondrial membrane, leading to cerebral
edema and death.

e Human Hazards:
o Acute toxicity: moderate (LDso rat = 22 mg/kg).

o Clinical: neurotoxicity—seizures, coma from intracranial pressure; no
specific antidote.

o Cellular: ATP depletion, ROS overproduction, apoptosis in neuronal cells.



e Manufacture:
o N-alkylation of anilinopyrimidine core with a brominated phenyl moiety
under SNAr conditions; purified by column chromatography.

2.2 Cholecalciferol (Vitamin D)

e Use: hypercalcemic rodenticide in grain or pellet baits.

e MOA: massive elevation of serum calcium via increased intestinal absorption
and bone resorption, leading to renal failure, cardiac arrhythmias, and vascular
calcification.

e Human Hazards:

o Acute toxicity: moderate (LDso rat = 1189 mg/kg), but hypercalcemia can
be fatal at lower doses.

o Cellular: upregulation of calcium-transport proteins, mitochondrial calcium
overload, cell death in renal tubular cells.

e Manufacture:

o Semi-synthesis from lanolin or sheep’s wool cholesterol via UV-irradiation
and controlled thermal isomerization.

2.3 Metal Phosphides (e.g., Zinc, Aluminum Phosphide)



e Use: pre- and post-emergent burrow baiting in field crops; often cheaper and
fast-acting (Wikipedia).

e MOA: stomach acid liberates phosphine gas (PH:), which inhibits cytochrome ¢
oxidase (complex 1V) in mitochondria, causing energy failure and multi-organ
failure.

e Human Hazards:

o High acute toxicity: zinc phosphide LDso rat = 11 mg/kg; phosphine gas
inhalation causes severe pulmonary edema, cardiovascular collapse.

o Biochemical: irreversible binding to mitochondrial heme centers,
blockade of oxidative phosphorylation; oxidative stress and lipid
peroxidation.

e Manufacture:
o Direct reaction of elemental phosphorus with zinc (or aluminum) at

elevated temperature in an inert atmosphere; ground and pelleted under
strict moisture control.

2.4 Strychnine


https://en.wikipedia.org/wiki/Rodenticide?utm_source=chatgpt.com

e Use: historical use for gophers and voles; now banned or highly restricted in
many countries.

e MOA: competitive antagonist of inhibitory glycine receptors in the spinal cord and
brainstem, leading to uncontrolled motor neuron firing and convulsions.

e Human Hazards:

o Acute toxicity: very high (LDso rat = 2 mg/kg); fatal convulsive seizures at
microdose levels.

o Cellular: blockade of CI" influx, sustained depolarization of motor neurons.

e Manufacture:

o Alkaloid extraction from Strychnos nux-vomica seeds followed by
multi-step purification.

3. Comparative Acute Toxicity




Class

FGARs

SGARs

Bromethalin

Cholecalciferol

Metal
Phosphides

Strychnine

Key Actives

Warfarin,
diphacinone

Brodifacoum,
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Vitamin Ds

Znst, AlP

Strychnine
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=~ 22 mg/kg
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mg/kg

=~ 11 mg/kg
(ZnP)

=~ 2 mg/kg

4. Why Manufacturing Matters

o Reactive Intermediates & Impurities:

Major Human Target

VKOR — vitamin K cycle

VKOR (high affinity, persistent)

Mitochondrial proton gradient

Calcium homeostasis
(Ca*-induced apoptosis)

Cytochrome c oxidase
(OxPhos blockade)

Glycine receptor (CI- channel
blockade)

o Phosphine generation in phosphide manufacture; coumarin coupling for

SGARs can form dioxin-like byproducts.

e Worker & Environmental Risk:

o Inhalation of phosphine or bromethalin dust; dermal exposure to potent
anticoagulants.

o Persistence & Bioaccumulation:

o SGARs accumulate in liver and fat, posing chronic poisoning risk to
wildlife and humans via environmental residues.



Conclusion

Rodenticides exploit diverse biochemical targets—from the vitamin K cycle and
neurotransmitter receptors to mitochondrial enzymes and calcium homeostasis—nbut all
carry significant human-health hazards. Their industrial synthesis involves highly
reactive intermediates (e.g., phosphorus, halogenated benzylic compounds,
lanolin-derived precursors) and demand stringent controls to limit worker exposure and
residual toxicity.
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