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Abstract: 
 There is increasing evidence of a deep integration between microbes and human 

physiological function. With such extensive communication in both directions, it is arguable that 

a major disruption on either side would have substantial impact on the other. A number of 

modern diseases have been associated with shifts in the microbiome populations such as 

inflammatory bowel disease, diabetes, acne vulgaris, etc. However, which initiates the other 

often remains unclear. From the standpoint of dysbiosis preceding the pathologies, it presents a 

route by which environmental exposures can indirectly impact human physiology. This idea 

pertains in particular to compounds like the herbicide glyphosate which is alleged to be non- 

toxic to human cells. Because this compound has been demonstrated to impact bacteria, it 

presents a whole other layer of consideration in regards to its potential to cause disease in 

humans. While studies have been done to assess impact of this compound on different microbial 

communities with mixed results, none seem to have examined impact on human microflora 

specifically. This thesis examines the association between the dysbiosis and human disease from 

the angle of disease occurring as an effect of the dysbiosis. Ultimately, the hypothesis is that 

glyphosate exposure is sufficient to induce many modern diseases via disruption of the 

microbiome as illustrated in Figure 1. Furthermore, included here are proposed future 

experiments to explore glyphosate’s potential to perturb the microbiome. 
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Microbe Integration with Human Physiology: 
There is ever-increasing evidence of an extensive level of integration between humans 

and the microbial communities that colonize on and in us. Microbial numbers on humans 

estimated to be about 10 bacteria for every one human cell (Morowitz, 2011). It seems inevitable 

that such abundance must have some bearing on human physiology.  From initial exposure at 

birth and throughout childhood, it is believed these microbe communities develop with their 

human host and achieve a relatively stable balance (Fischbach, 2016). These microbial 

communities vary from site to site on and in the human body, as well as from one person to the 

next. Despite this variation, there appears to be a relatively consistent balance and diversity of 

microorganisms established on and in healthy individuals (Grice E. A., 2009) (Oh, 2016) (Geva-

Zatorsky, 2017).  Colonization of these microbes occurs across the skin surface as well as 

extending into bodily orifices opening to the outside (Grice E. A., 2011). This includes openings 

of the reproductive and respiratory tracts as well as microbial presence throughout the digestive 

tract (Morowitz, 2011) (Greenblum, 2015) (Grice E. A., 2011). Many species/strains of these 

microorganisms are commensal organisms which live in a symbiotic relation to their host (Oh, 

2016) (Morowitz, 2011). The human host provides housing and nutrition for these microbes in 

exchange for beneficial functions these organisms provide. Explored in the following sections, is 

evidence that these commensal organisms provide assistance in metabolism, aid in immune 

system development and inflammation control, and can suppress potential pathogenic 

colonization (Figure 2).  
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Metabolism: 
Members of the human microbiome have strong influence on their host’s metabolism, 

particularly those that colonize along the digestive tract. Since bacteria possess many additional 

genes involved in metabolism that humans lack, they can synthesize or process some molecules 

that human cells cannot. Residence of these bacteria in the gut allows for molecular exchange 

where humans can absorb and use some of these bacterially-synthesized products. Intestinal 

bacteria like Lactobacillus, Bacterioides, Bifildobacterium, and Enterococcus species can 

provide supplemental molecules human cells cannot make such as biotin, folates, and other 

vitamins (Rossi, 2011) (Morowitz, 2011). For example, humans lack the enzymes needed to 

produce vitamin B12 which is used as functional cofactor by many other proteins (Krautler, 

2012). However, these bacterial that colonize the gut do express the appropriate enzymes to 

synthesize vitamin B12. Because of this, surplus vitamin B12 they produce can be absorbed and 

utilized by human tissues in supplement to what diet provides. As another case of useful bacterial 

products human cells cannot synthesize, there is evidence of microbial contribution of essential 

amino acids for host absorption (Morowitz, 2011).  One such study examining the fraction of 

microbial leucine contribution to host intake showed it could be as high as 22% (Raj, 2008).  

While more research is needed in this area, these findings imply that a significant portion of the 

essential amino acid pool in humans is supplied by microbial biosynthesis.   

 Bacteria can also help process molecules that humans cannot. This is another example of 

how housing these microbes permit us to take advantage of their metabolic genomes as an 

extension of our own (Morowitz, 2011). Glucose polymerized in the form of cellulose (a.k.a. 

dietary fiber) cannot be broken down into monomeric glucose by human tissues. There are 

bacteria that can break down cellulose into glucose providing another source of nutrition to the 

host through absorption of the surplus product yielded. The ability of microbes to process these 

complex carbohydrates supplies the host with supplemental products from them, often as short 

chain fatty acids (SCFAs), as well as nutrition for the microbes themselves (Morowitz, 2011). 

With the vast population of microbes to feed too, it seems arguable this might help ensure a 

sufficient amount of nutrition still is available to the host. Referring back to the microbial role in 

metabolism of amino acids, bacteria expressing urease can process urea formed as a waste 

product from human nitrogen metabolism. Bacteria can then use nitrogen acquired in the form of 

ammonia to recycle back into amino acid biosynthesis (Ramezani, 2016).  

Short Chain Fatty Acids (SCFAs) have a prominent influence on host metabolism. 

Among having other interactions with the host, bacterially-produced SCFAs provide another 

source of fuel (Koh, 2016). Up to 70% of the energy demand in colonic epithelial cells can be 

supplied through direct metabolism of the SCFA butyrate (Morowitz, 2011). Because of the 

accumulation of SCFAs like butyrate in the GI tract from bacterial fermentation, the epithelial 

cell’s adjustment to use butyrate as a primary energy source provides a prime example of 

bacterial influence on host functionality. In addition to serving as a direct metabolite, SCFAs can 

also participate in cellular signaling (Koh, 2016). SCFAs like acetate, propionate, and butyrate 
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can influence energetics in the local tissues of the gut epithelia and immune cells through G-

protein coupled receptor (GPCR) signaling by serving as ligands for these receptors. 

Downstream signaling through these receptors can influence a variety of cell processes such as 

host gene expression via chromatin remodeling. The smallest of the three, acetate, can more 

easily enter the circulation and impact system wide energetics by inducing responses in multiple 

organs and tissues such as the liver, pancreas, adipose tissue, and can even cross the blood-brain 

barrier (Koh, 2016). As a specific example of signaling potential, SCFAs have the ability to 

stimulate lipolysis in adipocytes (Zmora, 2017). The ability of SCFAs to serve as signaling 

molecules and as precursor metabolites renders them highly significant to systematic glucose 

metabolism. In mice models provides evidence of oscillations in host gene activity induced by 

metabolite contribution from a healthy microbiome (Thaiss, 2016). These findings showed a 

circadian rhythm of gene transcription not only locally in the intestines but distally in the liver 

where detoxification abilities were measured. This oscillation was lost when the microflora was 

perturbed with antibiotics (Thaiss, 2016). The potent influence from the input of bacterial 

metabolites on the host’s systemic energetics highlights the functional necessity of a healthy 

microbiome (Figure 3). 

 

 

Immune System Regulation: 
There is evidence of a bi-directional influence on development between the establishing 

microbiome and the host’s immune system (Fischbach, 2016). Co-evolution has likely been 
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responsible for the establishment of mechanisms by which the host can select for and against 

certain microorganisms. Studies have associated these host genetic factors with shaping of the 

microbiome. In mice, loss of the antimicrobial Hes-1 gene is associated with a shift in gut 

microbiota manifesting as a decrease in the Bacteroidetes phyla and increases in E.coli and A. 

muciniphila (Guo, 2018). This shift also correlated with reduced commensal-dependent 

antimicrobial gene expression. Residential bacteria can also induce a negative feedback 

regulation on themselves. An exploration into the activation of Th17 cells through segmented 

filamentous bacteria revealed the Th17 cells, once activated, kept these bacteria in check through 

inducing defensins and other host antimicrobials. When Th17 receptor was defective in mice, 

segmented filamentous bacteria increased, leading to a state of dysbiosis (Kumar, 2016). In 

addition to more “classical” antimicrobial immune response, the host can influence bacterial 

growth by altering the surface environment in terms of moisture, electrolytes, and pH (Grice E. 

A., 2011). 

Commensal organisms that establish a balanced association with their human host 

interact with both the innate and adaptive divisions of the immune system. It is believed that this 

crosstalk during development induces immune tolerance for these commensal organisms, 

allowing them to establish and maintain colonization without perpetually triggering immune 

responses against them. Beyond simply inducing tolerance, there is evidence that this extensive 

interplay between commensals and the immune system offers another level of immune system 

regulation. In a study examining 53 different known human commensal bacteria mono cultured 

in mice, a fourth of these species showed the capability to induce Treg cell activity (Figure 4). 

As a prime example, mice colonized with Veillonella sp. exhibited both an increase in anti-

inflammatory IL-10 producing CD4 T cells and decrease in pro-inflammatory IL-22 producing 

innate leukocytes (Geva-Zatorsky, 2017). Some commensal bacteria observed in mouse models 

colonize in intestinal lymph tissue. These bacteria promote IL-10 cytokine activity that governs 

Th17 and innate lymphocyte responses in a way that can suppress excessive inflammation (Fung, 

2016).   On the epidermis front, strains of P. acnes are a major component of the microflora. 

Strains associated with a healthy microbiome are also associated with higher IL-10 activity (Yu, 

2016). S. epidermidis, another prevalent bacterial species on the skin, has been shown to produce 

molecules which interact the host MHC-I system (Linehan, 2018). This system is used by the 

host’s CD8+ T-cells for distinguishing “self” from “non-self” antigen signatures to spare normal 

host tissue from inflammatory and cytotoxic immune responses. Because these S. epidermidis 

signals are registered as “self” this suppresses targeting of these organisms by the host’s adaptive 

immune system (Linehan, 2018).  S. epidermidis can also act on the host’s innate immune system 

by modulating immune responses and suppress unnecessary inflammation through TLR-2/3 

signaling (Grice E. A., 2011).  

Besides functioning in immunosuppressive ways, microflora can also enhance apropriate 

immune system function. Commensal-induced responses can also work in conjunction with the 

immune system in cases of injury to help promote tissue repair (Linehan, 2018).  This implicates 
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a level of “self” identification that other commensal bacteria might be using with regards to the 

host immune system to enhance symbiotic cooperativity. Considering immunogenic properties of 

commensals, a study examining the species E. hirae and B. intestinihominis suggested the 

presence of a network involving these organisms, immune sensor NOD2 signaling, and T-cells 

which could be tumor-suppressive (Figure 4)(Daillere, 2016). Expansion of these species in the 

gut, along with tranlsocation of E. hirae into 2o lymphoid tissue induced expansion of CD8+ T 

cells and IFN  producing T cells. The boost in immune response by these organisms improved 

the efficacies of both an anti-tumor vaccine and the anti-tumor drug cyclophosphamide. 

Resulting NOD2 immune signaling from the bacterial expansion suppressed the activity of these 

organisms. This implicates a negative feedback mechanism to allow for the provided immune 

system boost from E. hirae and B. intestinihominis while preventing these bacteria from over-

expanding. Furthermore presence of these organisms has been correlated with increased survival 

in cancer patients. (Daillere, 2016).  

 

Suppression of Pathogenic Colonization: 
The balance of microbes residing on and in humans offers protection against infection. A 

healthy microbiome both provides suppression of colonization by foreign pathogens, as well as a 

regulatory checks and balances between the residential microbes themselves. Although part of a 

normal healthy microbiota, some bacterial species have the potential to become opportunist 

infections if a more virulent strain gains a foothold or dysbiosis allows present strains to 

overgrow (Grice E. A., 2011) (Niazi, 2010). For instance, different phylotypes of P. acnes can 

trigger different immune responses which can be either immunosuppressive or promote 

inflammation depending on what each type expresses (Yu, 2016). S. aureus has potent 

pathogenic capabilities, notoriously with strains of Methicillin Resistant S. aureus (MRSA). 

However, although present in various locations throughout the body, it is a major component of 

the nasal microbial community in humans (Mulcahy, 2016). For this to occur there must be some 

form of balancing and regulation that keeps these organisms from expanding into an infection 

most of the time. Microbe-microbe regulation can come about when a healthy community of 

microbes out-competes potentially pathogenic invaders, preventing them from gaining a foothold 

for growth (Hand, 2016). This regulation can also come about through secretion of antimicrobial 

molecules from bacteria themselves working in conjunction with antimicrobial peptides that the 

host secretes.  S. epidermidis secretes compounds that suppress S. aureus’s ability to form 

biofilms, reducing S. aureus virulence (Grice E. A., 2011). S. caprae in the nasal passage can 

secrete a peptide (AIP) that blocks quorum sensing of S aureus. In mouse models, this was 

demonstrated by AIP countering the damage done by invading MRSA (Figure 5) (Paharik, 

2017). The production of SCFAs from glycerol fermentation by S. epidermidis also serves as an 

antimicrobial. Secretion of these acids onto the surface of the skin lowers the pH which can 

restrict the growth of some other bacteria like P. acnes at certain sites on the body (Wang, 2013).  
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Dysbiosis and Disease Implications: 
A number of pathologies have been observed to be coupled with a state of dysbiosis. 

Some of these pathologies include those considered components of metabolic syndrome like 

obesity, insulin resistance, and diabetes (Morowitz, 2011) (Zmora, 2017). Others associated with 

dysbiosis include inflammatory pathologies like inflammatory bowel disease (IBD)/Crohn’s 

Disease, sarcoidosis, and skin conditions like eczema and acne vulgaris (Lewis, 2015) (Precott, 

2017) (Eyerich, 2015) (Wang, 2013). Often this association can present a “chicken and egg” 

situation as to whether pathology induced the dysbiosis or vice versa. There is evidence that, 

depending on the initial insult, either has the potential to induce the other. Especially when the 

immune system becomes involved, human disease and a dysbiotic state can feed into each other 

creating a vicious cycle (Berbers, 2017) (Lamont, 2015). Studies have shown that pathological 

dysbiosis can come about through different ways. Some dysbiotic states are believed to arise 

from problems with the host’s own biology, as in the case of primary immune deficiency (Oh, 

2013), which in turn can exacerbate the issue or cause additional problems downstream of the 

dysbiosis. Dysbiosis often can result from exposure to certain extrinsic environmental 

compounds, usually those with antimicrobial capabilities. 

 

Metabolic Complications: 
As established above, the microbiome participates in a complex exchange of metabolites 

with the host. Because metabolite pools exist in balance, a significant push or pull at any point in 

the web could have extensive repercussions (Figure 6).  This then calls attention to microbe types 

known to be prominent contributors to this metabolic web. Bacterial types in the genera:  

Bacterioides, Bifidobacterium, and Enterococcus are estimated to supply up to half the host’s 

vitamin K requirement (Morowitz, 2011). A dysbiotic shift that causes reduction in these 

bacteria would then be expected to leave the host deficient in vitamin K if there is no 

supplementation. Considering distribution between microbes and the host, a study looked at a 

state of dysbiosis induced through antibiotic treatment in mice where L. murinus was enriched 

(Hayashi, 2017). Mice were deficient in biotin availability to their tissues due to its increased 

consumption by these bacteria.  This resulted in alopecia (spotted hair loss) unless these mice 

were supplemented with biotin in their diet (Figure 7) (Hayashi, 2017). Shifts that cause increase 

in bacteria such as Firmicutes species can increase fermentation of complex carbohydrates and 

thus increase available energy (Morowitz, 2011) (Koh, 2016).  Subsequently this can influence 

SCFA production which, among contributing to the excessive energy intake, can have a 

systematic influence through its participation in cellular signaling such as signaling through 

GPCR’s (Morowitz, 2011) (Koh, 2016). An examination of the impact on metabolism by 

specific microbe loss in a dysbiotic state was provided by Kuno et al, 2018. In this study 

secondary bile acid producing bacteria such as Clostridium cluster and B. fragilis were targeted 

respectively with vancomycin and polymyxin antibiotics to reduce their numbers in mice (Kuno, 

2018). Products from these bacteria like lithocholic acid (LCA) and deoxycholic acid (DCA) 
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interact with nuclear receptors in the host’s liver and help regulate metabolism. This resulted in 

significant shifts in hepatic gene expression and subsequent hypoglycemia and low blood 

triglycerides. Reversal of these effects by supplemental doses of these secondary bile acids 

demonstrates the significance of these bacterial products (Kuno, 2018). This report demonstrates 

the necessity of specific bacteria for maintaining metabolic homeostasis and how disruption can 

feed straight into metabolic syndrome. 
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Inflammatory Pathologies and Infections: 
It is apparent that the immune system integrates with every other system in the body. 

Hence, much of pathology includes some form of immunological involvement, often in the form 

of excessive inflammation (Hunter, 2012). The microbiome’s extensive communication with the 

immune system is required to optimize its development and continue to keep it in check under 

healthy conditions (Fischbach, 2016). Healthy microbiomes can suppress excessively persistent 

inflammation through molecular mediation in conjunction with reducing exposure to pathogenic 

organisms (Zmora, 2017).  Pathologically-associated shifts in microbial populations typically 

exhibit certain species or strains of microbes that can drive inflammatory responses. These 

dominations can either be invasive pathogenic organisms that achieve footholds or commensals 

that can overgrow and become opportunistic pathogens. In the gut, a major example of infection 

from a pathogen takeover is C. difficile colonization of the intestine as a result of antibiotic-

induced dysbiosis (Larcombe, 2016). The resulting disease of antibiotic-associated diarrhea 

(AAD) can evidently also result from other organisms like C. perfringens, S. aureus, or 

Klebsiella oxytoca depending on which organism gains the foothold (Larcombe, 2016). In a 

house finch model, the virulence of the conjunctival bacterial pathogen Mycoplasma 

gallisepticum was enhanced in dysbiotic states compared to infection without antibiotic-induced 

dysbiosis (Thomason, 2017). This implies that commensals suppress pathogenic infection even 

when pathogens do establish a foothold. This is also reflected in an examination of periodontal 

commensals production of H2O2 to neutralize pathogenic organisms (Rodriguez-Herrero, 2016). 

When persistent inflammation occurs from dysbiosis, elements of the inflammation such as 

peroxidases neutralize this commensal contribution and further exacerbate pathogen prevalence 

(Figure 8) (Rodriguez-Herrero, 2016).  Normally commensal organisms can become infectious 

from changes in their environment or through acquisition of virulent traits. Strains of P. acnes 

that are prevalent in sarcoidosis have been shown to have acquired virulent genes from other 

bacteria (Minegishi, 2015).  P. acnes and S. epidermis were found to be among predominant 

organisms in endodontic lesions (Niazi, 2010). This is likely attributed to loss of regulation of 

their growth in the dysbiotic environment of these abscesses. 

Whether the cause is pinned to a known host defect or initially caused by perturbed 

microbe communities, an important consideration is the sufficiency of dysbiosis to generate the 

pathological condition. This is reflected in instances where correction of dysbiosis or elements of 

it seem to alleviate the pathologies (Larcombe, 2016) (Kobyashi, 2015). Even supplementation 

of commensal microbial molecules alone can counter dysbiosis, as in the case of bacterial 

communication molecule, AI-2  (Sun, 2015). Even in instances where there is a biological 

abnormality with the host (e.g. a genetic mutation), manifestation of associated pathology can be 

driven by consequential dysbiosis from said abnormality. ADAM17 is a cell surface proteinase 

involved in promoting signaling through EGFR and TNF-  pathways by releasing membrane 

bound ligands that can act on corresponding receptors (Kobyashi, 2015). Signaling through these 

pathways subsequently promotes cell growth. Impairment of this signaling by deficient 

ADAM17 activity has been associated with ectopic dermatitis in humans. When replicating this 
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pathological state in mice through ADAM17 KO in the epidermis, inflamed lesions that came 

about exhibited C. bovis and S. aureus domination. When these mice were treated with 

antibiotics against specific those bacteria to reduce their numbers, the dermatitis was reversed 

despite that ADAM17 deficiency remained (Figure 9) (Kobyashi, 2015).  

Supporting the idea of a beneficial co-evolution of microbe species with host mammals, a 

recent report explored the microbiota in the “wild” vs. the microbiota influenced by containment 

of lab animals.  In this study, wild mouse microbiota were obtained and transferred to germ free 

mice (Rosshart, 2017). These mice along with their lab stock microbiome counterparts were 

challenged with stressors such as influenza viruses and colorectal tumor inducing mutagen.  

Mice with “wild” microbiomes exhibited better outcomes as far as degree of pathology than 

those with the “lab” microbiome (Figure 10) (Rosshart, 2017). This holds implications not only 

about lab animal models used but also about evolution of our own microbiomes. In this regard, 

the environmental modifications we as humans have surrounded ourselves with have likely been 

more drastic in recent decades than anything faced before. Such changes range from shifts to 

more “germ free” orientated lifestyles to the output of a vast range of synthetic compounds. 

These dramatic changes could be overwhelming to this balanced network established by human 

and bacterial coevolution. Thereby, many human microbiomes today might reflect those in the 

lab mice influenced by general changes in exposures.  
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Indirect Toxicity Concern of Antimicrobials: 
As illustrated above, the use of antibiotics has been employed as a potent tool for 

inducing and studying dysbiosis. While utilization of antibiotics has presented a revolution in 

medical science, it is not without its unforeseen caveats, namely the antibiotic crisis (Martens, 

2017). Along with excessive use of antibiotics leading to the generation of resistant pathogens, 

there is also the collateral damage they presented by off targeting commensal bacteria. In cases 

where the microbiome is perturbed enough that it cannot reestablish itself, a continued state of 

dysbiosis can persist as in the case of AAD with C. difficile, requiring medical intervention 

(Larcombe, 2016).  Antibiotics have also been associated with the dysbiosis associated with 

Crohn’s disease. In patients with Crohn’s disease, there was a significant decrease in the ratio of 

bacteria to fungi present in the gut (Lewis, 2015).  The persisting inflammation in Crohn’s could 

be in part because of the increased response to the fungi, though it seems reasonable that 

significant loss in bacteria would include immuno-regulatory species. 

Beyond designated antibiotics, other xenobiotic compounds can have a hand in 

influencing the microbiome. What is consumed in the host’s diet encounters the microbiota all 

along the gastrointestinal (GI) tract and can itself significantly affect the microbial populations 

(Lewis, 2015). Shifts in proportions of even common macromolecules such as sustainably 

increasing fat consumption can change the microbe’s environments and create more or less 

favorable conditions for certain microbes.  Also, drugs designed for other purposes might hold 

inadvertent antimicrobial potential. Analysis of elderly patients on a variety of medications 

showed significant decreases in microbial diversity especially those on proton pump inhibitors 

(PPIs), antidepressants, and antipsychotics compared to controls (Ticinesi, 2017). While it is 

unclear if the dysbiosis was a result of direct toxicity of these drugs to certain microbes, it seems 

worth investigation. Given everything discussed to this point, it is evident that the human 

microbiome has substantial involvement in the health of the host. With this in mind, it becomes 

difficult to predict whether or not a substance can ultimately present harm to humans. Even when 

a compound is designed in such a way that it should not affect human tissues directly, its ability 

to impact microbes can potentially be just as harmful in the long run. 

The Glyphosate Compound and its Use: 
Glyphosate has become a widely used compound in modern herbicides since its 

introduction as Roundup® by the Monsanto Company in the seventies (Minol, 2013). Since then, 

broad usage of glyphosate containing herbicides has expanded and extends from agricultural and 

forestry use to availability for residential application (Acquavella, 2004). This compound makes 

for a potent herbicide through its targeting of the 5-enolpyruvalshikimate 3-phosphate synthase 

(EPSPS) enzyme. This enzyme is responsible for one of the catalytic steps in the metabolic path 

known as the shikimate pathway. The shikimate pathway is necessary for the production of 
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aromatic amino acids such as phenylalanine, tyrosine, and tryptophan (Figure 11) (Nguyen, 

2016). Blocking biosynthesis of these necessary amino acids in plants is detrimental to their 

survival. Since the shikimate pathway is conserved across plants, glyphosate broadly lethal 

against those plants without specific adaptation or tolerance. In agriculture, this concept is 

utilized by genetically engineering crops to be tolerant to glyphosate. This is achieved through 

use of EPSPS analogs like CP4 enzyme that are resistant to the inhibitory effects of glyphosate 

(Bohn, 2014). This way, genetically modified crops could then be dowsed with glyphosate 

containing herbicides and survive while all other non- desired plants and weeds would 

effectively be killed off. Another major advantage for the employment of the glyphosate 

compound is that animal cells, namely human cells, do not utilize the shikimate pathway. 

Because of this, the general idea has been that glyphosate should present very low, if any, 

toxicity to human cells. This was presumed of course, that there was not an alternative 

mechanism by which glyphosate could negatively impact human tissues to a significant degree. 
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As with virtually all molecules, there is the potential for unanticipated interactions. 

Having polar anionic chemical functional groups, particularly a phosphate group, glyphosate can 

also interact to with cations present in fluids in and on the host. In so doing, this compound can 

chelate ions by forming salts with them. Trace mineral cations found in the body such as iron, 

cobalt, copper, and zinc are often required as core prosthetic groups in active sites of proteins. 

Chelation of these in a biological system could reduce the already limited supply available for 

protein incorporation and hence affect function of a range of proteins from transcription factors 

to metabolic enzymes (Samsel, 2013). Glyphosate has also been reported to have an inhibitory 

effect on cytochrome P450 which opens the door for disruption of metabolic functions such as 

detoxification and vitamin processing (Samsel, 2013). Overall it remains unclear if these directly 

toxic effects could have significant bearing on human health.  The focus of this thesis deals with 

the primary mode of action of glyphosate on the EPSPS enzyme. Although this enzyme is not 

present in human cells, its presence in members of the microbiome can have implications for the 

impact of glyphosate on human health.  

Glyphosate and Microbes: 
The shikimate pathway is found in plants but not animal cells and is used to produce 

essential metabolites. This pathway is also present in most microbes including parasites, fungi 

and bacteria (Gientka, 2009) and implies that glyphosate could have antibiotic properties. This 

hypothesis has been explored in prior studies with mixed results as to whether or not 

glyphosate’s impact in microbial communities is significant. 

Impact on Microbe Populations: 
Earlier studies examining glyphosate’s effect on bacterial populations in soil report that 

field application levels do not significantly alter overall microbial growth. Busse et al, 2001 and 

Ratcliff et al, 2006 studied glyphosate effects on soil microbes in three ponderosa pine locations 

(Figure 12). Chronic exposure to microbial communities in ponderosa pine forests were tested 

using culture media and soil assays while defining field doses from 5-50 mg/kg of glyphosate 

(Busse, 2001). Both examined biomass and respiration through biochemical testing. The 

bacterial/fungal ratio was also examined (Ratcliff, 2006). Field dose treatment did not 

significantly affect overall microbial growth when cultured microbes were extracted from treated 

soil. However this dose did stunt growth when extracted bacteria were treated and grown in 

culture media in the absence of soil (Busse, 2001). This suggests that the soil buffers the effects 

the glyphosate on microbes. Furthermore, ratios of bacterial types were not extensively 

investigated and what was observed only reflected culturable organisms. A more recent study 

arguing against significant glyphosate toxicity in soils incubated treated soil with herbicides for 

60 days (Dennis, 2018). At a field dose of 33.03 ppm the only impact they measured was 

impairment of these organisms to use 3 organic acids and an amino acid (Malic, Oxalic, Citric, 

and Aspartic acids). They do note that this was a short-term study there might be long term 

effects (Figure 13) (Dennis, 2018).  
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Expanding from forest soils, some studies suggest there might be a difference with 

change in environment and glyphosate’s toxic influence might be more complex than shown in 

microbial growth alone. Nguyen et al, 2016 investigated glyphosate impact on agricultural soil 

microbes. Field applications of herbicides range but are below 10mg/kg (notably lower than the 

former studies). Levels under 10mg/kg did not show significant impact on these microbial 

communities, but between 10mg/kg and 100mg/kg microbial respiration in the soil was 

impacted. Biomass and respiration were also more impacted at pH 5.5-7.5 (Nguyen, 2016). 

Examining rhizosphere bacterial populations in farm soil, RNA analyses of bacteria showed 

decreases in transcripts representing carbohydrate and amino acid metabolism with increases in 

transcription involved with protein metabolism (Newman, 2016). In a greenhouse experiment 

examining the mycorrhizal ecosystem of white clover, glyphosate reduced mycorrhizal fungus in 

roots and lead to larger and less active earth worms (Figure 14) (Zaller, 2014). The study also 

showed water infiltration onto the soil was impacted by glyphosate treatment, measured after 

simulated rainfall. This suggests potential effects on animals could result from glyphosate 

herbicide treatment.  
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Not surprisingly, most studies examining glyphosate’s influence on microbial 

communities look at soil microbes, as they are front and center where the compound is usually 

applied. Differences in the outcomes above could reflect the different environments influencing 

how much glyphosate bacteria and other microorganisms actually took up.  For example, in a 

forest setting the higher density of trees might have soaked up a large bulk of the glyphosate 

leaving less to act on the bacteria. Concerning the assertion of this thesis, the focus is on the 

impact on members of the human microbiota. Expanding from the analysis of soil microbiota, a 

study conducted on the microbiota in poultry represents the closest analogy to human microbiota 

(Shehata, 2013 ). Glyphosate herbicide exposure appeared to be significantly more toxic to 

members of the normal flora such as Enterococcus, Bifildobacterium, and Lactobacillus species 

while pathogenic bacteria such as Salmonella spp., and Clostridium spp. demonstrated less 
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susceptibility (Figure 15) (Shehata, 2013 ). This study shows that glyphosate holds the potential 

to cause changes in acterial populations within the microbiome of animals. 

 

 

 

Sources of Exposure: 
As mentioned, glyphosate has become the most widely used herbicide. Its application has 

drastically increased since its introduction to farmers in 1974. Annual agricultural use in the 

United States reached approximately 180 million kg as of 2014 compared to about 2.72-3.62 

million kg in 1987, an over 50-fold increase (Myers, 2016).  This is largely due to the 

employment of genetically engineered crops to tolerate glyphosate, allowing them to be 

showered with the herbicide. These figures do not include the wide domestic application on 

residential lawns and sidewalks. With so much output into the environment, risk of exposure to 

humans would be expected to increase. Considering that it is apparent glyphosate has a longer 



23 
 

half-life than expected, as long as a few months to a year, its persistence in the environment 

along with its increased use presents all the more risk (Myers, 2016). Exposure could come about 

directly through handling the products such as to those who are farm workers or use these 

products domestically. As far as chronic wide spread exposure, there could be ingestion of 

contaminated food products from crops dowsed with glyphosate. Regarding levels of glyphosate 

considered “safe,” acceptable daily intake levels in the United States were 1.75 mg/kg body 

weight (bw)/day, while the European Union places it at 0.3 mg/kg bw/day as of 2016 (Mesnage, 

2017). Though data on residual levels of glyphosate are limited (Bohn, 2014), there were a 

couple major studies done which looked at direct, and indirect exposure respectively 

(Acquavella, 2004) (Bohn, 2014).  

A study was conducted in 2004 reflecting direct exposure to farmers and members of 

their households.  Urine samples were taken over 24 hour periods from a total of 48 farmers, 

their spouses, and total of 79 children the day before, day of, and 3 days after glyphosate 

application to their crops (Acquavella, 2004).  Urine glyphosate levels averaged a concentration 

of 3ppb, reaching as high as 223ppb. Highest measurements corresponded to the farmers 

themselves, likely most exposed, and furthermore, those who did not use gloves had about 5x 

higher levels (Acquavella, 2004). Though levels of glyphosate in urine diminished after three 

days of application, this only represents the residue that made it through the human system most 

likely through entrance in the GI or respiratory tracts. There was likely to be larger amounts of 

exposure to the skin and mucosal surfaces, particularly for farmers that did not use protection. 

Since glyphosate is a very water soluble molecule it does not dissolve in lipid environments very 

well. This has been the basis for assertions that limited amount of glyphosate can be absorbed 

through the skin (Acquavella, 2004). However, it means that more would remain on the skin 

surface where it would be available to act on microbes if not thoroughly washed off.  The impact 

of exposure to the microbiome likely depends on frequency and duration of exposure. 

A possible route of chronic low level ingestion of glyphosate can come through 

contaminated farm products. While glyphosate tolerant plants might not be harmed by the 

compound, they could absorb and accumulate the compound in their tissue. Since products from 

these plants will be harvested for human consumption, glyphosate that has accumulated within 

them can be delivered to the consumer through contaminated fruits or grain. Concerning the 

persistence of the glyphosate compound a half-life lasting potentially months could mean a 

substantial level might linger inside plant product. An effort has been made to examine residual 

contamination of glyphosate in soybean crop product (Bohn, 2014). In this study, comparisons 

were made between two genetically-modified (GM) soy crop groups and against organic soy 

crops. In one GM group the plants were treated with glyphosate herbicide directly, and in the 

second GM group glyphosate was applied only as a pre-plant treatment. The organic group 

received no glyphosate herbicide treatment serving as controls. Products from these crops were 

tested for residual glyphosate and also for its degradation product aminomethylphosphonic acid 

(AMPA). They found pre-plant treatment, like the organic group, had no detectable residue of 
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either of these. However, directly treated GM crops averaged 3.3mg/kg and 5.7 mg/kg of 

contaminants in those products for glyphosate and AMPA respectively (Bohn, 2014). 

Furthermore, GM crops demonstrated different nutritional profiles compared to organic crops, 

such as lower protein content and higher saturated palmitic fatty acids. These differences could 

have been through glyphosate influence on photosynthetic pathways or possibly through ion 

sequestering (Bohn, 2014).  Another thing to note is that timing between pre-plant treatment and 

crop seeding could have influenced this outcome depending on watering, plowing, or anything 

else that might have been done to the soil in that interval of time. Because the glyphosate would 

be absorbed into the plant tissues, this pool of glyphosate cannot be mechanically washed off.  

With a potent amount present when the plant matter is eaten and broken down, glyphosate can 

then be released and act on the microbiota in the digestive tract of the human (Figure 16).  

 Given that microbes occupy epidermal surfaces such as the skin and exist throughout the 

GI tract, they are likely to be impacted by our exposure to xenobiotics (Claus, 2016). In the case 

of glyphosate, a highly polar molecule, our mucosal barriers would be expected to reduce or 

delay absorption into our tissues. Thus, there is more opportunity for it to be taken up by 

microorganisms on body surfaces. Because of this, presence in urine would not be indicative of 

what microbes have taken up. Exposure to the skin surface could more likely be countered with 

mechanically washing the compound off although repeated exposure might be enough to disrupt 

the microbial communities enough to where they cannot necessarily re-stabilize into a healthy 

microbiome on their own. This could be especially concerning if this significant perturbation 

occurs during the establishment of the microbiome. With continual exposure through food 

products, glyphosate could have chronic effects on the intestinal microbiome. Even though doses 

might be low, the frequency of these doses could make up for that.  
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Glyphosate and Human Pathology:  
 Despite its primary target being an enzyme lacking in human tissues, glyphosate has been 

suspected to present toxicity to humans. There are assertions that glyphosate can adversely affect 

animal tissues in alternative ways such as acting as an endocrine disruptor or mutagen that could 

lead to cancer (Velmurugan, 2017) (Seralini, 2013) (Samsel, 2013).  Glyphosate has also been 

proposed to an inhibitory effect on cytochrome p450 (Samsel, 2013). A study following rats that 

ingested “ultra-low” levels of glyphosate herbicide for two years reported such exposure lead to 

metabolic complications and non- alcoholic fatty liver disease phenotypes (Mesnage, 2017). Rats 

were given 4ng (4e-6 mg)/kg bw/day equating to (0.1ppb in drinking water). For comparison, 

this was well below the “safe” limits mentioned above (Figure 17) (Mesnage, 2017). 

Complications included expression shifts in metabolic enzymes such as reduction in proteins 

involved in -oxidation and increase in lipid and oxidative stress response systems. Steatosis and 

necrosis of the liver tissue was also exhibited (Mesnage, 2017). There is limited research to 

confidently link glyphosate to these diseases through direct toxicity, though it remains possible. 

In light of what is known about glyphosate’s primary mode of action in the shikimate path, 

glyphosates action against this pathway, presumably in microbes, is likely to contribute to these 

pathologies. 
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 With the powerful pull the microbiome exerts on human physiology, a perturbation that 

could result from glyphosate exposure would be enough to impact human health regardless of 

other potential direct toxicity. By disrupting gut microbiota, the change in the balance of 

nutrients exchanged could lead to metabolic syndrome by changing or affecting the 

transcriptional profiles of microbes. Glyphosate could impact the crosstalk between the 

microbiome and the immune system leading to immune system dysregulation (Levy, 2017). This 

can then lead to problems with development and priming of the immune system resulting in 

immune deficiencies or excessive inflammation. Lowering the barrier against infection by 

foreign and opportunistic pathogens kept at bay by a healthy microbiome can also contribute to 

prolonged inflammation. Excessive inflammatory responses could open the door for pathologies 

like IBD/ Crohn’s, inflammatory skin diseases, and even help drive cancer progression (Ni, 

2017) (Precott, 2017) (Lazennec, 2010). Glyphosate’s interaction with microbes could ultimately 

lead to these pathologies by causing population shifts within the microbiome.  

Experimental Proposals: 
 As noted, assessment of glyphosate impact on poultry microbiota is the closest 

representation of its potential influence on the human microbiome (Shehata, 2013 ). To further 

explore this potential impact with more relevance to the human (mammal) microbiome, a few 

experimental routes could provide useful insight. One route is an in-vitro toxicology test to 

measure susceptibilities of culturable and prominent bacterial species as performed by Shehata et 

al, 2013 but in those found in the human microbiome. A second route is a replication of Mesnage 

et al, 2017’s chronic low level glyphosate exposure in rats but with a microbiome analysis. A 

third would be an assessment of gut microbe phylogeny in farm workers. These proposals will be 

briefly explained below. 

Proposed Experiment #1  
The first experiment would provide information about glyphosate’s direct impact on 

growth of individual components of the human microbiome (Figure 18). Rather than poultry 

microbiota used by Shehata et al, 2013,this experiment can include as many bacteria as can be 

cultured from representitive species of the gut and of the skin. Bacteria such as Staphylococcus 

spp, Lactobacillus spp., E. coli, and P. acnes would be prepared and propagated in Trypticase 

Soy Broth (TSB) flasks. Aliquots from these stocks would then be plated in the presence of 

different concentrations of glyphosate including the “ultra-low” levels of 2-20ppm used by  

Mesnage et al 2017. Taking it a step further, transcriptional and proteomic profiles could also be 

explored to look for differences in the microbes activity glyphosate treated microbes as 

examined in Newman et al, 2016.  Suppression of microbial growth of shifts in microbial activity 

in any species especially with “ultra-low” dose treatment would suggest commensal bacteria 

susceptibility to glyphosate in the human microbiome and implicate potential of glyphosate to 

cause microbiome changes.   
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Proposed Experiment #2 
The second proposal is a replication of Mesnage et al, 2017’s experiment following rats 

for two-year intervals of the same levels of low dose glyphosate herbicide ingestion (Figure 19). 

In this case, however, the focus would be to compare the microbiomes in these rats. Taxonomical 

ratios could be examined through culturing and through genetic analysis. Phylogenic shifts, 

especially those that lead to loss in microbe diversity, would suggest glyphosate perturbation to 

the microbiomes in these rats. Furthermore, attempts to correct the microbiomes can be made 

with probiotics or antibiotics against specifically dominating species if such are observed in 

glyphosate treated rats. If dysbiosis correction is successful and alieviates the pathologies that 

arise, this would support glyphosates contributing to disease through the microbiome. 

Proposed Experiment #3 
A third route of invesitgation would be examining the gut and skin microbiota of farm 

workers (Figure 20). Through collection of stool samples and skin swabbs, phylogenetic profiles 

could be compared  between workers on farms where GM crops are dowsed with glyphosate 

against workers on organic farms where no glyphosate is utilized.  If participant samples 

included, tracking the microbiomes of newer workers on such GM farms could reveal changes in 

microbiomes initially “naïve” to glyphosate exousure. Significant differences in gut bacteria 

phylogeny would provide correlative evidence between exposure to glyphosate and microbiome 

changes. 
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Discussion: 
Glyphosate containing herbicides are widely used in our society (Minol, 2013). Such 

extensive use provides ample opportunities for any potentially harmful effects to have their 

impact.  As demonstrated with the widespread use of other compounds introduced to society, this 

impact might not manifest immediately or might bear consequences via mechanisms of action 

that had not initially been anticipated. There is current research that is revealing associations 

between glyphosate and multiple diseases (Samsel, 2013) ranging from IBD, to metabolic 

complications, to cancer (Roos, 2005) (Samsel, 2013) (Mesnage, 2017). As Mesnage et al, 2017 

demonstrated, two years of low dose glyphosate treatment appeared to induce metabolic distress, 

liver damage, and significant transcriptome changes in rats. If this is a form of direct toxicity, it 

must be through a different mechanism of action than the targeting of the Shikimate Pathway. 

However, this toxicity might be the secondary result of glyphosate perturbing the microbiota in 

these rats.  As established above, dysbiosis is capable of inducing such pathologies. 

 More and more data continues to emerge about the extensive integration of bacteria in 

the microbiome with our own physiology. Given the powerful influence microbial communities 

have on human development and physiological function, perturbations to the balance of these 

microorganisms seems sufficient to induce a vast range of pathologies. Even when looking at 

disease which seems to be the result of biological problems on the host’s end, microbial 

contribution can still resurface. In the case of primary immune deficiency for example, there is 

and anticipated dysbiosis that would accompany a compromised immune system (Oh, 2013). 

Beginning in 2011 efforts to catalog and categorize the members of the human microbiome have 

been made, and hundreds of microbes with millions gene sequences have been banked (Proctor, 

2011).  This remains an ongoing process as research expands on this new frontier toward 

understanding microbiome ecology and the complex interactions that come along with it 

(Fischbach, 2016). As far as ultimate causation, it could be primarily host regulation problems, 

perhaps from a genetic mutation for instance. However, it could also be that the immune system 

was deprived of appropriate commensal organisms or exposed to undesirable organisms, 

impairing its proper development (Berbers, 2017). Determining causation verses consequence, 

regarding dysbiosis, remains a key goal of the field.  

It is also worth noting that while the idea of indirect toxicity centers on glyphosate in this 

thesis, this represents a single example in a more general theme applicable to our exposure to 

other environmental agents. Synthetic agents to which our exposure has been brief but dramatic 

on an evolutionary scale such as plastics and pharmaceuticals are of particular concern. Because 

of this tight knit relationship between humans and bacteria, there is a whole other layer for 

consideration when determining whether or not a substance is harmful to humans. Human 

pathology can still come about from a toxin, even though human cells do not possess a target for 

said toxin. Furthermore, bacterial processing of xenobiotics can create other compounds that 

might affect us directly or affect our measurements of toxins (Claus, 2016). In the case of 

glyphosate, further assessment of toxicity and measurement of its decomposition product AMPA 
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would be worth investigation. This prospect of overlooked or unanticipated adverse effects 

resonates with the problems previously demonstrated to arise with the overuse of antibiotics 

(Martens, 2017). As seen in several references, antibiotics have been a prominent tool to induce 

dysbiosis in model organisms. Their excess use in children has been implicated as possible 

causation for many disease phenotypes exhibited in adulthood (Vangay, 2015). Rise in frequency 

of certain human diseases parallels the drastic rise in glyphosate’s usage (Samsel, 2013). The 

potential ability of this compound to cause shifts in microbe populations can suppress growth of 

beneficial commensal organisms and allow for pathogenic strains to gain a stronger foothold. In 

general, the human microbiome is relatively stable (Oh, 2016) but, chronic exposure or exposure 

to highly potent compounds might be enough to overwhelm this balance. Changing the 

microbiome composition significantly might also be enough to elicit physiological changes in a 

person that might resist the reestablishment of a healthy microbiome, particularly if the immune 

system becomes involved. 

 Further exploration is needed to determine just how toxic glyphosate is to a microbiome. 

Concerning the utilization of glyphosate, this will not necessarily call for a complete moratorium 

on its use, for as in some cases with antibiotic usage, moderation might be enough to counter the 

problem. Though there has yet to be a consensus on its degree of toxicity, it is evident that 

glyphosate can influence the microbiome. Restricting its application to pre-plant treatment and 

ensuring appropriate protection is used by handlers could minimize exposure and intake. Though 

herbicide labels come with toxicity warnings and safe application instructions, the popular idea 

of glyphosate being non-toxic to humans can promote disregard for these warnings. For those 

most likely to be exposed, a regiment of probiotics might be beneficial should toxicity present 

itself through this angle of dysbiotic induction. Overall, reducing its use would be the optimal 

strategy. 
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