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Dicamba
Dianat, Banvel, Diablo, Oracle, Vanquish

• Broad-spectrum herbicide

• Act to increase plant growth by mimicking the plant hormones, auxins

• When used, plants grow abnormally in uncontrollable ways, leading to death

Dicamba

Auxins



TIME TO THINK LIKE THE 
INTERNET
Where a little knowledge can do more damage than good



Auxins

• A class of plant hormones with some morphogen-like characteristics. 

• Plays an important role in the coordination of many growth processes in the 
plant life cycles and development.

Auxins



• Isoniazid is an anti-tuberculosis drug which also has powerful antidepressant 
properties.

• This became the forerunner of the MAOIs.

• This led to the field of hydrazine and non-hydrazine MAOIs.

Monoamine Oxidase Inhibitors (MAOIs)



• Phenelzine irreversible inhibitor of MAO-A and MAO-B.

• MAOIs are potentially dangerous in patients with binge eating and 
purging behavior.

• N-acetylation and oxidation are the major metabolites.

Monoamine Oxidase Inhibitors (MAOIs)

Known metabolites



Dicamba
Dianat, Banvel, Diablo, Oracle, Vanquish

• Plays an important role in the coordination of many growth processes in the 
plant life cycles and development.

• Auxins play a key role in coordination of many growth and behavioral 
processes in plant life cycles and are essential for plant body development.

Dicamba

Auxins



1) PAA is a metabolite of the antidepressant, Phenelzine

TIME TO THINK LIKE THE INTERNET



1) PAA is a metabolite of the antidepressant, Phenelzine
2) PAA is an auxin

TIME TO THINK LIKE THE INTERNET



1) PAA is a metabolite of the antidepressant, Phenelzine
2) PAA is an auxin
3) Dicamba works by increasing PAA levels

TIME TO THINK LIKE THE INTERNET

Dicamba



1) PAA is a metabolite of the antidepressant, Phenelzine
2) PAA is an auxin
3) Dicamba works by increasing PAA levels
4) Therefore, Dicamba must also act as an antidepressant 

TIME TO THINK LIKE THE INTERNET

Dicamba



• Isoniazid is an anti-tuberculosis drug which also has powerful antidepressant 
properties.

• This became the forerunner of the MAOIs.

• This led to the field of hydrazine and non-hydrazine MAOIs.

Monoamine Oxidase Inhibitors (MAOIs)



• Tranylcypromine is a non-hydrazine MAOI.

Monoamine Oxidase Inhibitors (MAOIs)



• Tranylcypromine is a non-hydrazine MAOI.

• It is an irreversible inhibitor of MAO-A and MAO-B.

Monoamine Oxidase Inhibitors (MAOIs)



• Tranylcypromine is a non-hydrazine MAOI.

• It is an irreversible inhibitor of MAO-A and MAO-B.

• Metabolism is N-acetylation and aromatic hydroxylation.

Monoamine Oxidase Inhibitors (MAOIs)



• Tranylcypromine is a non-hydrazine MAOI.

• It is an irreversible inhibitor of MAO-A and MAO-B.

• Metabolism is N-acetylation and aromatic hydroxylation.

• NOT metabolized to amphetamine as was initially hyped.

Monoamine Oxidase Inhibitors (MAOIs)



Dopamine and Norepinephrine Reuptake Inhibitors (DNRIs)
• Bupropion is a selective inhibitor of Dopamine reuptake at the 

presynaptic neuronal membrane is also a Norepinephrine Reuptake 

• Bupropion is a noncompetitive antagonist of several nicotinic receptors; 
and thus has been used in smoking cessation programs (Zyban)





Dopamine and Norepinephrine Reuptake Inhibitors (DNRIs)
• Bupropion is structurally similar to the CNS stimulant, methamphetamine; the 

diet suppressant, diethylpropion; as well as cathinone (“bath salt” family)



WHEN ARE NUMBERS NOT 
JUST NUMBERS
Where facts stay facts but are made to look scary



• Both Dicamba and 2,4-D can inhibit the 
acetylcholinesterase of animals

• LD50 of Dicamba in rats is 1,707mg/kg 

• This is translated to be 3.5ounces for a 60kg in 
humans
• Notice the use of ounces!!!
• Equally accurate but less scary is 102,420mg for a 

60kg human or 102g for 60 kg
• Also, what is the average weight of an American 

male?
• 198lbs (i.e. 90kg)

• Thus, lethal dose for an average male is 153g.

• As a comparison LD50 of 2,4-D in rats is          
639mg/kg to 1,646mg/kg.

Dicamba
Dianat, Banvel, Diablo, Oracle, Vanquish

2,4-Dichlorophenoxyacetic acid (2,4-D) 
Hedonal, Trinoxol

Dicamba 2,4-D



Bromacil
Bromazil, Borea, Bromax 4G, Cynogan, Uragan

• Broad-spectrum herbicide

• Works by interfering with photosynthesis

• Nonselective weed and brush control

• LD50 of 5,200mg/kg   [Dicamba LD50: 1,707mg/kg] 

• Irritant to skin, eyes, and respiratory tract

• There are quite a few safety precautions that should be taken when dealing with Bromacil. Dry 
formulations containing bromacil must bear the word "Caution" and liquid formulas must signal 
"Warning.“ Care should be exercised when spraying Bromacil on plants because it will also stop the 
photosynthesis of the adjacent non-target plants, therefore killing them. Bromacil should never be 
used in residential or recreation areas for risk of exposure. Bromacil is slightly toxic if individuals 
accidentally eat or touch residues and practically nontoxic if inhaled. Bromacil is a mild eye irritant 
and a very slight skin irritant. It is not a skin sensitizer. In studies using laboratory animals, bromaci
is slightly toxic by the oral, dermal, and inhalation routes and has been placed in Toxicity Category 
IV (the lowest of four categories) for these effects. This herbicide should be stored in a cool, dry 
place and after any handling a thorough hand-washing is advised.

• In regards to occupational exposure, the National Institute for Occupational Safety and Health has 
recommended workers handing bromacil not exceed an exposure of 1 ppm (10 mg/m3) over an 
eight-hour time-weighted average.

Bromacil



Bromacil
Bromazil, Borea, Bromax 4G, Cynogan, Uragan

• Broad-spectrum herbicide

• Works by interfering with photosynthesis

• Nonselective weed and brush control

• LD50 of 5,200mg/kg   [Dicamba LD50: 1707mg/kg] 

• Irritant to skin, eyes, and respiratory tract

• There are quite a few safety precautions that should be taken when dealing with Bromacil. Dry 
formulations containing bromacil must bear the word "Caution" and liquid formulas must signal 
"Warning.“ Care should be exercised when spraying Bromacil on plants because it will also stop the 
photosynthesis of the adjacent non-target plants, therefore killing them. Bromacil should never be 
used in residential or recreation areas for risk of exposure. Bromacil is slightly toxic if individuals 
accidentally eat or touch residues and practically nontoxic if inhaled. Bromacil is a mild eye irritant 
and a very slight skin irritant. It is not a skin sensitizer. In studies using laboratory animals, bromaci
is slightly toxic by the oral, dermal, and inhalation routes and has been placed in Toxicity Category 
IV (the lowest of four categories) for these effects. This herbicide should be stored in a cool, dry 
place and after any handling a thorough hand-washing is advised.

• In regards to occupational exposure, the National Institute for Occupational Safety and Health has 
recommended workers handing bromacil not exceed an exposure of 1 ppm (10 mg/m3) over an 
eight-hour time-weighted average.

Bromacil



Glyphosate 
Roundup
• Broad-spectrum herbicide

• Inhibits the plant enzyme 5-enolpyruvylshikimate-3-phosphate synthase (i.e. shikimate pathway). 

• Famous due to the DeWayne Lee Johnson lawsuit related to his non-Hodgkin lymphoma diagnosis.

• LD50 of 4,300mg/kg in rats
• Recall that Dicamba has a LD50 of 1,707mg/kg and Bromacil is 5,200mg/kg 

• In an analysis of 601 cases of glyphosate ingestion, 27% were asymptomatic and 64% had minor symptoms 
(64%). Approximately 5.5% had moderate to severe poisoning and 3.2% of the patients died.1

• Most moderate to severe symptomatic cases have been associated with intentional (suicidal) ingestion.1-3

• Most, if not all, of the symptoms may actually be related to the organic surfactant with which glyphosate is 
combined.

• Regulatory agencies such as: Health Canada, European Food Safety Authority, Food and Agriculture Organization 
of the United Nations, World Health Organization, and the United States Environmental Protection Agency all 
concluded that glyphosate was unlikely to pose a carcinogenic risk to humans.

• Texas A&M University’s AgriLife reported that glyphosate was the least toxic of all plant-killing herbicides that 
they tested.

Other LD50 (rats)
Vitamin C      11,900mg/kg
Alcohol           7,060mg/kg
Fructose         4,000mg/kg
Caffeine             192mg/kg

Cocaine              72mg/kg

Glyphosate



Glyphosate 
Roundup
• Broad-spectrum herbicide

• Inhibits the plant enzyme 5-enolpyruvylshikimate-3-phosphate synthase (i.e. shikimate pathway). 

• Famous due to the DeWayne Lee Johnson lawsuit related to his non-Hodgkin lymphoma diagnosis.

• LD50 of 4,300mg/kg in rats
• Recall that Dicamba has a LD50 of 1,707mg/kg and Bromacil is 5,200mg/kg 

• In an analysis of 601 cases of glyphosate ingestion, 27% were asymptomatic and 64% had minor symptoms. 
Approximately 5.5% had moderate to severe poisoning and 3.2% of the patients died.1

• Most moderate to severe symptomatic cases have been associated with intentional (suicidal) ingestion.1-3

• Most, if not all of the symptoms may actually be related to the organic surfactant with which glyphosate is 
combined with.

• Regulatory agencies such as: Health Canada, European Food Safety Authority, Food and Agriculture Organization 
of the United Nations, World Health Organization, and the United States Environmental Protection Agency all 
concluded that glyphosate was unlikely to pose a carcinogenic risk to humans.

• Texas A&M University’s AgriLife reported that glyphosate was the least toxic of all plant-killing herbicides that 
they tested.

Glyphosate

1Clin Toxicol 2010;48(2):129-136 2Clin Toxicol 2010;48:718-724 3Clin Toxicol 2006;44:329-332.



Short vs Long Half Life



Short vs Long Half Life



Short vs Long Half Life



Quizalofop (Assure II) Nicosulfuron (Pursuit)

Triflualin (Treflan) Mesotrione (Callisto) Flumioxazin (Valor)





Future
Overcoming Resistance

and

Overcoming Social Fears

through

Novel Approaches



Resistance

Non-glyphosate-resistant marestail (left) and glyphosate-resistant marestail (right)

Purdue University 
Department of Botany 

and Plant Pathology



Structure Activity Relationship 
(SAR) studies

New Targets

Cocktail of herbicides



Quizalofop (Assure II)
[ACC-ase inhibitor]

Nicosulfuron (Pursuit)
[ALS inhibitor]

Triflualin (Treflan)
[Mitosis inhibitor]

Mesotrione (Callisto)
[HPPD inhibitor]

Flumioxazin (Valor)
[PPO inhibitor]



Structure Activity Relationship 
(SAR) studies

New Targets

Cocktail of herbicides



What is the commonality of virtually 
all herbicides???
They are classic small molecule approaches









Anti-HIV Agents

• Binding inhibitors (CCR5 inhibitors)

• Fusion inhibitors

• Reverse Transcriptase Inhibitors 
• Nucleoside Reverse Transcriptase Inhibitors (NRTIs)

• Non-nucleoside Reverse Transcriptase Inhibitors (NNRTIs)

• Integrase inhibitors

• HIV Protease Inhibitors

50



Anti-HIV Agents

• Binding inhibitors (CCR5 inhibitors)

• Fusion inhibitors  Enfuvirtide (biologic and NO primary resistance)

• Reverse Transcriptase Inhibitors 
• Nucleoside Reverse Transcriptase Inhibitors (NRTIs)

• Non-nucleoside Reverse Transcriptase Inhibitors (NNRTIs)

• Integrase inhibitors

• HIV Protease Inhibitors

51



Enfuvirtide

BIOLOGIC



Make plants more susceptible to 
existing herbicides
It’s already being examined with pesticides



Designer peptides kill soybean rust, a major threat 
that requires heavy fungicide use

• A peptide embeds itself in the waxy surface of a leaf, 
holding tight in the rain

• Another peptide (Dermaseptin) juts out like a spear to 
attack microbial pests
• Dermaseptin attacks a broad array of microbes, including 

bacteria and fungi
• Pathogens are much less likely to evolve resistance because it 

is difficult to change the basic structure of cell membranes

• Thus, instead of second peptide, attach a herbicide as 
the “payload.”

• Less agent needed, less soil absorbance, “safer”, 
therefore better marketing.

Stokstad E. Science, 2019 (doi: 10.1126/science.aax8199)



New targeted approach
Take advantage of novel drug delivery advances











The ZAR1 resistosome is a calcium-permeable 
channel triggering plant immune signaling

• Nucleotide-binding, leucine-rich repeat receptors (NLRs) are major immune 
receptors in plants. 

• Upon activation, the NLR protein, ZAR1 forms a pentameric resistosome and 
triggers immune responses and cell death in plants. 

Bi G, Min S, Li N, Liang X, Hu M, Wang J, Zou M, Deng Y, Li Q, Huang S, Li J, Chai J, He K, Chen Y-H, Zhou J-M. Cell 2021;184(13):3528-3541. 





The ZAR1 resistosome is a calcium-permeable 
channel triggering plant immune signaling

• Nucleotide-binding, leucine-rich repeat receptors (NLRs) are major immune 
receptors in plants. 

• Upon activation, the NLR protein, ZAR1 forms a pentameric resistosome and 
triggers immune responses and cell death in plants. 

• Pre-assembled ZAR1 resistosome were incorporated into planar lipid-bilayers 
and displayed calcium-permeable cation-selective channel activity.

• Activation of ZAR1 in the plants Ca2+ influx, perturbation of subcellular 
structures, production of reactive oxygen species, and cell death. 

Bi G, Min S, Li N, Liang X, Hu M, Wang J, Zou M, Deng Y, Li Q, Huang S, Li J, Chai J, He K, Chen Y-H, Zhou J-M. Cell 2021;184(13):3528-3541. 
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