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US EPA – PESTICIDE

Any substance or mixture of 
substances intended for preventing, 
destroying, repelling, or mitigating
any pest.  The term pest means any 

harmful, destructive, or troublesome 
animals, plants, or microorganisms.
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Zn3P2 + 6H2O → 2PH3 + 3Zn(OH)2

Atrazine, 2-chloro-4-(ethylamino)-6-(isopropylamino)-triazine
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Organochlorine insecticides

• DDT 
– First commercially produced insecticide (1940’s)

– Banned in the US in the 1970’s but is still manufactured and 
exported (1 ton/day)

• Cyclodienes
– Most toxic (CNS) and persistent pesticides known.

• HCH and Cl-benzene
– Mixtures of isomers 

– Medicinal use (lice shampoo) (lindane)

•T1/2 = 7-30 y

•Bioaccumulates

•Persistent

•Lipophilic

•Non-selective

•Endocrine disrupter

•Reproductive toxins

•Neurotoxic (Lindane)
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Observed effects

• DDT
– Enzyme induction

– Competes with estradiol for receptor.

• Cyclodienes
– Reproductive toxicity (reduced fertility, loss of pups, 

teratogenic)

– CNS toxicity

• HCH and Cl-benzene
– CNS toxicity

– Increased hepatocellular tumors (mice).
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Mechanisms 
of action

• DDT
– Peripheral sensory neurons
– prolonged negative afterpotential in neurons.
– K+ transport, inactivate Na+ channel closure, inhibit Na+ /K+ and 

Ca2+ /Mg2+ ATPases, inhibit calmodulin-transport of Ca2+ .

• Cyclodienes
– CNS localized
– GABAA receptor/channel antagonists, inhibit Cl--uptake and Na+

/K+ and Ca2+ /Mg2+ ATPases,

• HCH and Cl-benzene
– Suggested similar to cyclodienes.
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DDT-induced Prolonged Repolarization

• DDT affects the permeability of the nerve cell membrane to K+ 

ions reducing K+ transport across the membrane.

• DDT alters the Na+ channels, they open normally but are closed 

(inactivated) slowly.

• DDT inhibits neuronal ATPase activity particularly Na/K ATPase 

and Ca ATPase which play a role in repolarization of the 

neuron.

All of these factors reduce the rate at which
repolarization occurs and increase the sensitivity of
the neurons to small stimuli that would not elicit a
response in a fully repolarized neuron.
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Schematic representation of mechanisms underlying dieldrin-induced hyperacetylation.
Exposure to neurotoxic insult dieldrin inhibits proteasome dysfunction, resulting in
accumulation of a major HAT CBP. Increased CBP results in greater acetylation of nuclear
histones in the chromatin, which ultimately results in alterations of gene expression
associated with the neurodegenerative process, including oxidative damage and apoptosis
in dopaminergic neurons.

Histone acetyltransferase 

In dopaminergic neuronal 
cells, dieldrin induced a 
time-dependent increase in 
the acetylation of core
histones H3 and H4. Histone 
acetylation occurred within
10 min of exposure
indicating acetylation is an
early event in dieldrin
neurotoxicity. The 
hyperacetylation was
attributed to dieldrin-
induced proteasomal
dysfunction, resulting in 
accumulation of a key
histone acetyltransferase 
(HAT), cAMP response 
element-binding protein.



Cholinesterase inhibitors

• Organophosphates (OP) and Carbamates

– Strong Acute neurotoxicity - AChE inhibition 
(cholinergic effects).

– Nervous system toxins - nerve gas (sarin).

Pesticides OP-Carbamate insecticides



WWII chemical warfare
1988 Iraq- against Kurds
1994 Japan 
1995 Tokyo subway

1st OP: TEPP (tetraethylpyrophosphate), followed by parathion
1st carbamic: 1930
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Cholinesterase
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Strong Covalent Bond, 

Inactivates Enzyme 

(stable >100h)
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Reaction of tyrosinate anion with chlorpyrifos oxon to yield diethoxyphosphorylated
tyrosine. The anion of tyrosine is stabilized by interaction with positively charged arginine
and lysine side chains. The tyrosine anion reacts with chlorpyrifos oxon to make a covalent
bond with diethoxyphosphate while displacing 3,5,6-trichloro-2-pyridinol.
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Early-life exposure to OP pesticides contribute to later dietary choice, obesity and diabetes.

OP exposure during a critical developmental window altered the trajectory of hepatic adenylyl
cyclase/cyclic AMP signaling, culminating in hyperresponsiveness to gluconeogenic stimuli. Animals
developed metabolic dysfunction resembling prediabetes. When the OP-exposed animals consumed a
high fat diet in adulthood, metabolic defects were exacerbated and animals gained excess weight
compared to unexposed rats on the same diet. At the same time, the high fat diet ameliorated many
of the central synaptic defects caused by organophosphate exposure, pointing to nonpharmacologic
therapeutic interventions to offset neurodevelopmental abnormalities, as well as toward fostering
dietary choices favoring high fat intake. Common insecticides may contribute to the increased
worldwide incidence of obesity and diabetes.

Reprod Toxicol. 2011 Apr;31(3):297-301.



Organophosphates 
are slower to release 
from AchE –
“also aging effect”

Carbamates are 
faster: reversible

Phase I metabolic 
activation .

Multiple metabolic 
reactions.
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Neurobehavioral, 
muscular and 
cognitive effects

Delayed Neuropathy 
(OPIDN) - ginger jake.
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Organophosphate-
induced delayed 

neuropathy



Pyrethroids
Newer (1980)

Extensive agricultural use.
Indoor use.
Pet flee control.
Household plants.

Modify Na+ channel kinetics.
Abnormal repetitive 
discharges.

Type A shorter action than 
type B
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Avermectins

Pesticides

Ivermectin binds with high 
affinity to glutamate-gated 
chloride channels which occur in 
invertebrate nerve and muscle 
cells, causing an increase in the 
permeability of the cell 
membrane to chloride ions with 
hyperpolarization of the nerve 
or muscle cell. 
Hyperpolarization results in 
paralsysis and death of the 
parasite either directly or by 
causing the worms to starve.

Streptomyces avermitilis



Phenoxyherbicides
• Introduced in 1946

• 2,4-Dichloro- and 2,4,5-Trichloro 
phenoxy acetic acids.

• Defoliants (Vietnam war) – Forestry.

• Nerve toxicity, peripheral 
neuropathy.

• Controversy about NHL and HL.

• Contaminants may be responsible 
for toxicity.
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Dipyridyl derivatives

“Startling human toxicity”
Banned in many countries but still in use in 130 others

Lung is the most susceptible target organ
Highly polar- poor GI absorption (5-10%)

LD50=22-262 mg/kg

LD50=100-400 mg/kg

Pesticides Herbicides

GRAMOXONE 



Dipyridyl derivatives
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Phosphomonomethyl aminoacids

• Non-selective systemic herbicides.

• Free acids or salts -
ocular and mucus membrane 
irritants.

• Class E carcinogens (EPA)

• Solvent may be the toxic compound 
(POEA)

HerbicidesPesticides



Fungicides
• Lipophilic, accumulate

• 90% are carcinogenic in animal 
models.

• Contaminants are dioxins and furans.

• Hexachlorobenzene (banned)

• Pentachlorophenol (banned).

• Phthalimides.

• Dithiocarbamates 

Pesticides

TBZ inhibits mitochondrial, 
helminth-specific enzyme, 

fumarate reductase

Benzimidazoles

http://en.wikipedia.org/wiki/File:Captan.png
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Fungicides

Dithiocarbamates.

– Ferbam, ziram, maneb, mancozeb (metal-based names)

– Some reported as teratogenic.

– Degradation to ethylene thiourea (ETU): a known mutagen, carcinogen, 
teratogen and antithyroid compound.

– Some neurotoxicity at high doses.

– May cross into CNS if bound to divalent metals.

Pesticides

Used to create an 
animal model of 

Parkinson's disease

http://en.wikipedia.org/wiki/File:Maneb.svg
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Dithiocarbamates.
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Dithiocarbamates.
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The widely used fungicide mancozeb has been shown to cause hypothyroxinemia and
other adverse effects on the thyroid hormone system in adult experimental animals. In

humans, hypothyroxinemia early in pregnancy is associated with adverse effects on

the developing nervous system and can lead to impaired cognitive function and motor
development in children.

Mancozeb 

Mancozeb exposure did reduce T(4) levels in dams 
and may therefore still be a potential contributor 

to thyroid disruption in humans and in result 
adversely affects the developing brain.

Low thyroid hormone levels (hypothyroxinemia). There is a dose–
response relationship in the lower range of the thyroid hormone
distribution with verbal and nonverbal delays in early childhood. This
means that the lower the T4 level, the worse the delay.

Mancozeb must be considered a multipotent carcinogenic agent.

Thyroid peroxidase or thyroperoxidase (TPO) is an enzyme expressed mainly in the 
thyroid that liberates iodine for addition onto tyrosine residues on thyroglobulin for 
the production of thyroxine (T4) or triiodothyronine (T3), thyroid hormones.



Fumigants

• Very volatile - inhalation exposure

• Non-selective, highly reactive and cytotoxic.

– Acrylonitrile

– Carbon disulfide

– Carbon tetrachloride

– Ethylene dibromide (gastric carcinomas, sterility)

– Ethylene oxide (carcinogen, developmental tox.)

– Phosphine (PH3) released from aluminum phosphide (AlP) in moist 
conditions (grain storage)
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