
The common herbicide glyphosate’s ability to harm non-plant life has long been dismissed due to the absence 
of the chemical’s target pathway in human and animal cellular physiology. However, mounting evidence suggests that the gut 
microbiome may be a mechanism through which the chemical creates health consequences in humans and animals.
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“The Neglected Organ:”
• Human gut contains 10 bil.-100 tril. bacteria, >500 species, approx. 2kg (40% more than the liver)[1]

• >98% of microbial genes in the gut are bacterial; others are fungi, archaea, and viruses[1]

Roles in Health:
• Assists digestion[4]

• Assists immune cells[4]

• Synthesizes vitamins and
amino acids[4]

• Aids in production of
neurotransmitters
(e.g., serotonin)[5]

• Maintains gut mucus lining
→ prevents leaky gut
syndrome,[2][3] provides
interface between microbes
and host cells[4]

Population Balance:
• 90% of diversity in human gut is

from phyla Bacteroidetes
and Firmicutes[6]

• Absolute and relative population
counts affect host health[2][5]

• Higher F:B ratio specifically
linked to health conditions
(see below)[3][6][7]

Dysbiosis is an imbalance of the gut microbiome, which is linked to chronic health conditions 
including obesity,[3][7] weakened immunities,[3][7] irritable bowel syndrome,[3][7][8] cancer,[7]

diabetes,[3][7] heart disease,[3][8] depression,[5][8] autism,[2][7] and dementia.[7][8][9]

Usage and Distribution:
• Most popular herbicide since its introduction in 1974[10]

• Mixed with surfactants (synergistic chemicals) to make commercial weed killers, e.g., Roundup[11]

• Targets all plants, not just weeds [10]

• Applied liberally to genetically engineered (GE) “Roundup-Ready” crops since 1996[10]

• Residues found in food, water, dust, and animal tissues and products[10]

• Dosage and environmental residues increase as weeds gain resistance[14]

• Glyphosate is asserted safe for humans based on differences between plant and animal physiology[2][8]

• Acceptable consumption levels vary by governmental agency[14][15][16]

• Status as carcinogen hotly contested[15][16]

?

The Shikimate pathway
synthesizes the aromatic
(ring-shaped) amino acids
phenylalanine, tyrosine,
and tryptophan, which
plants need to survive[2][11]

Glyphosate halts reaction
pathway by binding
to enzyme
shikimate-3-phosphate
→ no EPSPS enzyme
produced[12][13]

Glyphosate resistance
results from mutant EPSPS
genes which limit
glyphosate’s
binding potential[13]

• The shikimate pathway is present in bacteria, fungi, archaea, and other microorganisms[2][8]

• Glyphosate’s potential to harm microorganisms already acknowledged: glyphosate patented
as anti-microbial agent and anti-parasitic drug[4]

• Mechanisms for harming microbiota:
○ Inhibiting EPSPS production (same as plants) → block essential amino acids[4]

○ Compete for binding sites with enzyme MurA → limit production of peptidoglycan (bacterial cell wall)[4]

○ Increase intestinal pH → deplete manganese → certain bacteria oxidized[5]

Sensitive:
• Lactobacillus: depends on manganese to prevent oxidation[5][8]

• S. alvi (main bacteria in honeybees): EPSPS enzymes especially prone to glyphosate binding[17]

Resistant:
• Firmicutes: EPSPS enzymes slightly resistant → less sensitive than Bacteroidetes’[17]

• Salmonella and E. coli: EPSPS is resistant,[8][18] or absent altogether[18]

Resistant EPSPS enzymes have lysine chain, which prevents glyphosate from binding[19]

Honeybees[17]:
• Main bacteria: Lactobacillus, Proteobacteria, and Bifidobacteria
• Glyphosate residues → ↓ Proteobacteria (esp. Snodgrassella alvi, which decreased by 5-13 times)
• Dysbiosis → vulnerability to parasites

Poultry[8]:
• Beneficial Firmicutes most strongly affected
• Pathogenic E coli and Salmonella show resistance

Cows (artificial rumens)[18]:
• Glyphosate inhibits growth of ruminal bacteria. increases success of pathogenic species

Mice:
• Gut bacteria 90% Bacteroidetes and Firmicutes—89% similarity to human gut microbiome[6]

• Chronic/sub-chronic glyphosate exposure → ↓Firmicutes, ↓Lactobacillus, ↓↓Bacteroidetes[5]

Rats:
• Glyphosate fed to nursing mother → infants suffer dysbiosis,[4] show distress signs[5]

• ↓Lactobacillus, ↨Firmicutes, ↑Bacteroidetes (opposite of mice studies)[4][18]; E. coli resistant[18]

• Dysbiosis mitigated by supplemental aromatic amino acids added to feed[20]

• Glyphosate’s presumed safety → less incentive to document residues[2]

• Lack of studies comparing human exposure over time[10]

• Studies use conflicting methods, e.g., including or excluding surfactants[10]

• Unpredictability: animal microbiota varies by breed, supplier, housing[21]

• Solution: artificial gut, with mucus layer to simulate human GI tract[22]

• Support gut microbiome with probiotic and prebiotic foods[3]

• Mitigate effects of glyphosate by consuming
proteins with aromatic amino acids[20]

• Consume adequate manganese to support Lactobacilli[5][8]

• Choose organic options for foods commonly sprayed with roundup[15]

• Avoid feeding glyphosate-heavy foods to children, as gut microbiome is
most sensitive during early development[18]

• Presumed safety of glyphosate overlooks potential interactions with microbes
• Glyphosate disrupts gut bacteria balance in animals, even at concentrations

accepted by government agencies
• Imbalanced gut microbiome linked to vast number of chronic illnesses
• Research is lacking because of glyphosate’s asserted safety and the difficulty

of studying the human gut microbiome
• Consumers can preemptively protect themselves by supporting a healthy gut

microbiome and limiting consumption of glyphosate-heavy foods

Bacteroidetes

Firmicutes

An “artificial gut” unveiled by MIT in 2019, 
which could overcome the technological and 
ethical challenges of studying the human gut 
microbiome by allowing direct experimentation 
in a simulated environment.


