


Praise for Toxic Legacy

“Toxic Legacy is a bold and heroic work that reveals how today’s most well-

respected science confirms the existential threat posed by the herbicide

glyphosate. Dr. Seneff courageously defends her position in the face of

seemingly insurmountable opposition from industry at every turn. And for

this we owe her incalculable gratitude. Toxic Legacy will stand shoulder to

shoulder with Rachel Carson’s Silent Spring, not just defining the pervasive

threat to us and future generations, but more importantly, articulating what

we can do right now to change our destiny. Unquestionably, one of the most

important books of our time.”

—DAVID PERLMUTTER, MD, #1 New York Times

bestselling author of Grain Brain and Brain Wash

“A highly readable, fascinating look at how man-made chemicals invade the air

we breathe, the water we drink, and the food we eat. Toxic Legacy is both a

scientific exposé and an inspiring call to action. In revealing the diabolical

mechanisms by which glyphosate damages human health, Dr. Seneff’s work

will change the way we all think about food.”

—MARK HYMAN, MD, founder and director, The UltraWellness Center;

Head of Strategy and Innovation, Cleveland Clinic Center for

Functional Medicine; and a thirteen-time New York Times bestselling author

“Anyone who wants to understand a root cause of the massive epidemics of

chronic diseases we are experiencing—from autism to non-alcoholic fatty liver

and 30+ other devastating diseases rampant in today’s society—can find the

answers in Toxic Legacy. Dr. Seneff is to be complimented in her



comprehensive, in-depth connection of the dots from glyphosate through the

myriad biochemical and physiological processes altered, to the tragic

consequences from the indiscriminate application of the Roundup and other

glyphosate-based herbicides. The complex chemical perturbations are

presented in an easily-understood manner, and the systems are well

documented. Her ‘relaxed’ writing style makes for easy reading and ready

comprehension of this important information.”

—DON M. HUBER, professor emeritus, Purdue University

and retired colonel, US Army, Medical Intel

“Dr. Seneff is a senior scientist at MIT. She not only understands molecular

biology at a deep level but also has the unique ability to translate extremely

complex technical concepts into easy-to-understand language. This is a must-

read book to help you comprehend one of the most significant toxic threats

unleashed on the world. Toxic Legacy is the modern-day equivalent of Rachel

Carson’s Silent Spring f rom 1962—one of the greatest science books of all

time.”

—DR. JOSEPH MERCOLA, founder, mercola.com,

the most visited natural health site for eighteen years

“Glyphosate (the active ingredient in Roundup) and the other toxic chemicals

and GMOs of industrial agriculture are the primary drivers of the chronic

disease epidemic that has degenerated public health and the environment.

Until we drive these poisons off the market and make the transition to organic

and regenerative farming practices, our health, the health of our children, and

the health of the planet are at risk. Glyphosate is the DDT of the twenty-first

century, and Toxic Legacy is essential reading for everyone who cares about

food and health.”

—RONNIE CUMMINS, Organic Consumers Association; author of Grassroots

Rising

http://mercola.com/


“At last, a scientist with impeccable credentials has painstakingly assembled,

categorized, and presented the growing body of evidence that highlights the

negative impacts of the most widely used pesticide in the world.

“Stephanie’s forensic analysis demonstrates beyond reasonable doubt that

the use of Roundup and its active ingredient glyphosate is not only poisoning

the planet but also its human population.

“Everyone should read this book. It’s about our future health and the

health of the planet. What issue could be more important than that? As an

organization that has been highlighting these potential harms for more than a

decade, The Sustainable Food Trust hopes that this milestone publication gets

the publicity it needs and deserves.”

—PATRICK HOLDEN, founder and chief executive, Sustainable Food Trust

“Seneff takes us on a shocking biochemical journey through the deleterious

effects of glyphosate on the environment and humans. The author clearly

explains the ever-growing body of scientific evidence of the insidious

consequences of its continued, massive application across the world.… Seneff

is precise about the biochemistry involved, but she is a genial, attentive

guide.… The two most salient—and devastating—points that Seneff

highlights: First, glyphosate, which shows up in our soil, water, and even air, is

disturbingly pervasive … ubiquitous … ‘nearly impossible for even the most

diligent person to avoid.’ Second, the agricultural industry, taking a page from

the tobacco industry’s playbook, does everything it can to hide the dangers:

Monsanto and other companies censor research and proliferate junk science,

raking in profits by turning a blind eye to the chronic illnesses resulting from

glyphosate use. Comparisons will be made to Rachel Carson’s Silent Spring—

and they should be. We can only hope Seneff’s work goes on to rival Carson’s

in reach and impact. A game-changer that we would be foolish to ignore.”

—KIRKUS REVIEWS (starred)

“Stephanie Seneff’s Toxic Legacy continues on the path laid by Rachel Carson in

Silent Spring. Seneff provides the scientific evidence of how, by disrupting our



bodies’ metabolic pathways, glyphosate is at the root of multiple metabolic,

neurological, autoimmune diseases that have taken epidemic form. More

significantly, Seneff’s book introduces us to the complex, sophisticated,

metabolic processes of life, f rom the soil to our gut microbiome. It is a book

for governments who want to ban glyphosate. It is a book for every citizen

who seeks to regenerate the health of the planet and people.”

—DR. VANDANA SHIVA, director, Navdanya;

coauthor of Oneness vs. the 1%

“There is nothing more important than the health of our current and future

generations. There is nothing more costly than jeopardizing the physical and

mental health of generations of our populations. Without our health, we

cannot effectively combat climate change, homelessness, poverty, racial

injustice, addiction, or other daunting issues. This book unlocks why we

should and how we can resolve a myriad of skyrocketing health issues

plaguing society. If heeded, the result of banning glyphosate would put us in

the direction of recovering our health and the future of human life on this

planet.”

—ZEN HONEYCUTT, founding executive director, Moms Across America

“Dr. Stephanie Seneff, established and out-of-the-box critical

thinker/researcher, lays down the foundation of our understanding of the

toxicity from glyphosate, in a clear and concise format, from the practical to

the molecular mechanisms on how glyphosate does harm. Although Dr.

Seneff leans heavily on the biochemical basis of glyphosate’s modes of action,

her information is understandable and carefully cited for the more

investigative readers. She carefully describes the blueprint for the myriad of

chronic diseases now prevalent globally and how they are created around the

ubiquitous glyphosate. Her book is not only an analytic reference treasure, but

a call to action to denounce and reverse our self-imposed toxic legacy.”

—MICHELLE PERRO, MD; coauthor of What’s Making our Children Sick?;

executive director and cofounder, GMO Science



“For the last decade, while ‘science’ and ‘health’ journalists were gleefully

content to repeat the limited corporate talking points about glyphosate’s

safety, Dr. Seneff was on the hunt for deeper truths. Toxic Legacy may be one of

the most important literary journeys, weaving in a bounty of irrefutable

evidence, essential science, and the personal journey of one of the most

treasured scientific researchers of our time.”

—JEFFEREY JAXEN, investigative health reporter

“Glyphosate has become a bit like sugar, used by everyone for everything,

everywhere. It has spread, largely invisibly, across farms and gardens and parks

and so, too, into our food, bodies, and lives. This book lays out, in expert

technical detail by a scientist with huge and broad knowledge, what this

ubiquitous and ‘uniquely diabolical’ chemical and its formulations could be

doing. And how the deeply worrying, chronic consequences this may have for

our health are only being recognized—from affecting our critically important

gut microbes to causing hormone disruption and DNA damage. It’s also an

intriguing, if complex, lesson on the dense web of interconnected bodily

functions, structures, enzymes, and chemicals. Glyphosate has also allowed a

kind of sterilization of farming with even wider consequences for the

ecosystems on which we all depend. Dr. Seneff shows clearly how we need to

act fast to curb its use and so change our diets, our green spaces, and how we

farm.”

—VICKI HIRD, MSc, FRES, food and environmental writer

and campaigner; author of Rebuing the Planet

“Monsanto knew for decades that glyphosate causes cancer and a deadly

retinue of other devastating illnesses. Instead of warning its customers and

consumers about those risks, Monsanto manipulated the science, defrauded

regulators, bribed prominent researchers, transformed the EPA pesticide

division into a cesspool of corruption, and promoted propaganda worldwide,

systematically lying to the public that the deadly pesticide was safe. This

company injured public health, destroyed our soils, exterminated species,

wiped out small farmers, and deprived the public of their fundamental civil



right of informed consent. Monsanto made a special project of discrediting

and destroying scientists, advocates, and reformers who exposed its corrupt

cover-up. Among the most prominent of these was heroic MIT researcher Dr.

Stephanie Seneff. In 2018, I was fortunate enough to be a part of the legal

team that finally brought Monsanto to justice. We relied heavily on Dr.

Seneff’s research to achieve this victory.”

—ROBERT F. KENNEDY, JR.
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Introduction

We haven’t inherited this planet from our parents, we’ve borrowed it from

our children. We have not borrowed our children’s future—we have stolen

it and we’re still stealing it now, and it’s time we get together, whatever our

religion, whatever our culture, get together and start changing the way—

changing our attitude—so that we can leave a better world for our children,

whom we love.

—JANE GOODALL

Glyphosate. Not exactly a word that rolls off the tongue. A word that was not

even in my vocabulary for the first 64 years of my life. Then in September

2012, I was invited to give a talk about the dangers of statin drugs at a

nutrition conference in Indianapolis. I noticed that a botanist whose

agricultural research focused on the epidemiology and control of plant

pathogens, Dr. Don Huber from Purdue University, was speaking on the topic

of “glyphosate.” Even though I didn’t recognize the chemical’s name, I

thought it might be useful for me to find out what it was.

In the previous five years, I’d been on a dogged journey to identify

environmental factors that might be causing the increase in autism among

America’s children. Characterized by social deficits, repetitive behaviors, and

impaired cognitive abilities, autism spectrum disorder can present as relatively

mild, or it can be extreme, requiring full-time lifelong care. Like many

scientists, I’d noticed that the rates of autism spectrum disorders had been

rising dramatically over the past few decades, in ways that could not be

accounted for by diagnostic criteria. Based on a survey conducted by the

United States Health Resources and Services Administration (HRSA) in 2016,

the prevalence of autism in the United States is about 1 in 40 children.1



According to the Centers for Disease Control and Prevention, the prevalence

of autism among 12-year-old children is about 1 in 54, and it is four times more

common among boys than among girls.2

By the time I attended Dr. Huber’s presentation on glyphosate, I had

already learned a great deal about the complicated medical conditions that

often accompany autism, including a disrupted gut microbiome,

inflammatory and leaky gut, nutrient malabsorption, food sensitivities,

vitamin and mineral deficiencies, and impaired methylation and sulfation

pathways. I had been assiduously studying the toxic effects of various metals

and chemicals in the environment: mercury, fluoride, lead, aluminum, plastics,

polychlorinated biphenyls, polysorbate 80, and other endocrine disruptors and

carcinogens. I was also investigating the role of diet and the overuse of

antibiotics. I was trying to find something in the environment that had

become more pervasive in the past two decades, in step with the dramatic rise

in autism rates, that might explain the diverse symptoms associated with the

brain dysfunction we were seeing.

What I learned from Dr. Huber is that glyphosate is the active ingredient

in the herbicide Roundup. While glyphosate isn’t a household name, everyone

has heard of Roundup. Drive across the United States and you’ll see vast fields

marked with crop labels that say “Roundup Ready.” Monsanto, the Missouri-

based company that was Roundup’s original manufacturer, was acquired by

the Germany-based company Bayer in 2018 as part of its crop science division.

Monsanto has touted glyphosate as remarkably safe because its main

mechanism of toxicity affects a metabolic pathway in plant cells that human

cells don’t possess. This is what—presumably—makes glyphosate so effective

in killing plants, while—in theory, at least—leaving humans and other animals

unscathed.

But as Dr. Huber pointed out to a rapt audience that day, human cells

might not possess the shikimate pathway but almost all of our gut microbes do.

They use the shikimate pathway, a central biological pathway in their

metabolism, to synthesize tryptophan, tyrosine, and phenylalanine, three of

the twenty coding amino acids that make up the proteins of our body.

Precisely because human cells do not possess the shikimate pathway, we rely

on our gut microbiota, along with diet, to provide these essential amino acids

for us.



Perhaps even more significantly, gut microbes play an essential role in

many aspects of human health. When glyphosate harms these microbes, they

not only lose their ability to make these essential amino acids for the host, but

they also become impaired in their ability to help us in all the other ways they

normally support our health. Beneficial microbes are more sensitive to

glyphosate, and this causes pathogens to thrive. We know, for example, that

gut dysbiosis is associated with depression and other mental disorders.3

Alterations in the distribution of microbes can cause immune dysregulation

and autoimmune disease.4 Parkinson’s disease is strongly linked to a

proinflammatory gut microbiome.5 As has become clear from the remarkable

research conducted on the human microbiome in the past decade or so, happy

gut bacteria are essential to our health, including in ways that researchers have

yet to fully understand. It’s worth remembering that Roundup hit the market

—and was declared safe—before much of this groundbreaking research on the

human microbiome was ever conducted.

Dr. Huber also explained that glyphosate is a chelator, a small molecule

that binds tightly to metal ions. In plant physiology, glyphosate’s chelation

disrupts a plant’s uptake of essential minerals from the soil, including zinc,

copper, manganese, magnesium, cobalt, and iron. Studies have shown that

plants exposed to glyphosate take up much smaller amounts of these critical

minerals into their tissues.6 When we eat foods derived from these nutrient-

deficient plants, we become nutrient deficient, as well.

Glyphosate also interferes with the symbiotic relationship between plant

roots and soil bacteria. Surrounding the roots of a plant is a soil zone called

the rhizosphere that is teeming with bacteria, fungi, and other organisms. As I

will explain later in more detail, glyphosate kills the organisms living in the

rhizosphere, which then interferes with a plant’s nitrogen uptake, as well as

the uptake of many different minerals.7 This interference further translates

into mineral deficiencies in our foods. Glyphosate also causes exposed plants

to be more vulnerable to fungal diseases.8 And fungal diseases can lead to

contamination of our foods with mycotoxins produced by pathogenic fungi.

I came away from Dr. Huber’s lecture convinced that I needed to learn a

lot more about glyphosate.



—————

I am a senior research scientist at the Massachusetts Institute of Technology,

one of the most innovative research universities in the world. I have earned

four degrees from MIT: a bachelor of science in biophysics, and a master’s, an

engineer’s, and a PhD degree in electrical engineering and computer science.

For over four decades I’ve worked at the intersection of human biology and

computers. For my PhD thesis, I developed a computational model for the

human auditory system. In my decades of research at MIT, I have published

over 200 peer-reviewed scientific articles on everything from auditory

modeling, conversational computer interfaces, and second language learning,

to geophysics, gene structure prediction, toxicology, and human health and

disease.

When I earned my PhD in 1985, I accepted a job as a research scientist at

MIT, and I began a career developing multimodal dialogue systems to facilitate

“natural” conversational interaction between humans and computers. Our

research involved constructing interactive demonstration systems that were

precursors to products like Apple’s Siri and Amazon’s Alexa. We also designed

and developed dialogue-based computer games to help students master a

second language, and we specifically focused on English-speaking students

learning Chinese. I’ve worked to enrich people’s lives using technology, to

improve access to information, and to provide entertaining ways to advance

language skills. Over time, I was promoted to principal research scientist and

ultimately senior research scientist, the highest level on the research track at

MIT.

Since 2008, I have brought my expertise in statistical analysis,

computational modeling, and biology to investigate the impact of nutritional

deficiencies and environmental toxicants on human health, including

Alzheimer’s disease, cardiovascular disorders, immune dysfunction, and

neurological disorders. I have now published more than three dozen peer-

reviewed scientific papers on health-related topics. I have been researching,

writing about, and lecturing on glyphosate for nearly a decade. The book you

hold in your hands is a culmination of that research.

As we’ll explore together, there is a growing body of scientific evidence

that shows that glyphosate is a major factor in several debilitating



neurological, metabolic, autoimmune, reproductive, and oncological diseases.

This organic chemical compound—C3H8NO5P—is much more toxic to all life

forms than we have been led to believe. Glyphosate’s mechanism of toxicity is

unique and diabolical. It is a slow killer, slowly robbing you of your good

health over time, until you finally succumb to incapacitating or life-threatening

disease. Its insidious, cumulative mechanism of toxicity, which begins with the

seemingly simple substitution of glyphosate for the amino acid glycine during

protein synthesis, explains the correlations we are seeing with diverse diseases

that seem to have little in common.9

—————

Both of my parents grew up on family farms in small towns in southern

Missouri. The area is now an environmental and economic wasteland, because

large agrochemical farming has forced most small farmers into bankruptcy. As

a child, I visited my grandparents on their farms, gathering eggs from the

chicken coop, marveling over the cows and their calves in the fields, and

helping with the fruit stand where my dad’s parents sold apples and peaches.

When I was 13, my grandfather was discovered dead on his tractor, with a

split-open bag of DDT by his side.

In the 1940s and 1950s, Americans were told that herbicides and

insecticides, such as DDT, were safe. DDT is an organochloride first used by

the military during World War II to control body lice, bubonic plague,

malaria, and typhus.10 While DDT was effective at preventing malaria, the

environmental consequences of its use were devastating, especially as people

began using it more and more, in broader and broader applications, for pest

control.

I read Rachel Carson’s book Silent Spring in 1962, shortly after it was

published. A marine biologist by training, Carson condemned the chemical

industry for its irresponsible disinformation campaign. She painted a grim

picture of no birds singing in the spring. She called it “fable for tomorrow,” a

phrase that haunts me to this day. Silent Spring explores in detail how DDT and

other chemicals were poisoning wildlife—from earthworms in the soil to

juvenile salmon in the rivers and oceans. Carson’s book had a profound effect



on me and helped me understand my grandfather’s untimely and unexpected

death.

Around the same time, I also learned about the thalidomide disaster.

Thalidomide, manufactured by a German pharmaceutical company, was

prescribed to pregnant women to help with morning sickness and difficulty

sleeping. It was aggressively marketed and advertised as safe. But thousands of

children whose mothers took thalidomide during pregnancy were born with

birth defects, including missing arms and legs. Studying the photographs of

these deformed and unhappy children in a magazine, I realized that

sometimes the products that purport to improve our lives can have major

adverse effects—and that the companies that sell them cannot necessarily be

trusted to tell us the whole truth about the risks their products pose.

The United States avoided this disaster, which devastated the lives of at

least 10,000 children in Europe, because of a brave scientist named Frances

Oldham Kelsey. Dr. Kelsey was a Canadian-born reviewer for the US Food and

Drug Administration, responsible for approving or rejecting the application for

a license to distribute the drug in the United States. Although she faced

enormous pressure, and although thalidomide was already approved for use in

Canada, Great Britain, and Germany, Dr. Kelsey rejected the application after

she determined that there was insufficient evidence that it was safe to use

during pregnancy.11 At the time, I was young, optimistic, and patriotic. I

remember thinking how lucky I was to live in the United States, a country that

protected its citizens from such a catastrophe.

—————

In the 1950s, in the small town in coastal Connecticut where I grew up, living

treasures were everywhere: ladybugs, dragonflies, butterflies, bumblebees,

grasshoppers, lightning bugs, giant beetles we called pinching bugs, toads, and

dozens of chittering playful squirrels. Praying mantises were a rare delight, but

fireflies could be counted on in the evening, along with bats overhead as the

shadows grew. Today I live outside Boston, in a place that has a similar climate

to the Connecticut town where I spent my childhood. Yet it’s rare to see

wildlife on our suburban street. An occasional squirrel, and one or two

butterflies in the spring. No longer do we have to clean the windshield of all



the dead bugs that accumulate on a summer’s day.12 Children, of course, don’t

realize what they’re missing out on. This change appears to have happened

slowly enough that almost nobody has noticed.

Yet, there’s no question that something devastating is going on, even if

it’s difficult to name it precisely. The rate of species going extinct today is

hundreds or even thousands of times faster than it has been during the past

tens of millions of years. Environmental scientists warn that we have already

entered the sixth mass extinction.13 Human health is also suffering. Over the

past few decades an alarming rise in many chronic diseases across the globe

has occurred, especially in countries that adopt a Western-style diet based on

industrialized agriculture. Many of these diseases have an autoimmune

component. They include Alzheimer’s disease, autism, celiac disease, diabetes,

encephalitis, inflammatory bowel disease, and obesity.

Something terrible seems to be affecting every living thing on the planet

—the insects, the animals, and the health of human beings, including children.

Something hiding in plain sight. While we can’t reduce all environmental and

health problems to one insidious thing, I believe there is a common

denominator. That common denominator is glyphosate. My goal, by the end

of this book, is to prove to you that I am right.

My argument, as you will see, is based on connecting the dots in the

peer-reviewed science. Some of the scientific arguments that I present in this

book are controversial, and some conventional scientific researchers won’t

accept them. But this book brings together over 10 years of research that

clearly shows how glyphosate is eroding both human and planetary health,

resulting in a toxic legacy we are leaving future generations to contend with.

This problem is too important to ignore. The goal of this book is to convince

anyone who eats, anyone who has children, and anyone who cares about the

health of humans and the planet that we need to look much more closely and

much more carefully at the impact of glyphosate on and beyond the food

supply. Both the scientific community and our regulatory establishments have

failed us. It is time to shine light onto the shadows—to convince the world

about glyphosate’s diabolical mechanism of toxicity and give ourselves the

tools we need to understand how glyphosate harms us and what we can do to

protect ourselves and our families.



In chapters 1 and 2, I reveal the history of glyphosate—what it really is,

how and why it was developed, and how it “works” as an herbicide. In these

chapters I explore the rapidly growing body of scientific research that shows

glyphosate’s devastating impact on ecosystems and wildlife. In chapters 3

through 6, I move more specifically into exactly how glyphosate impacts the

human body: how it damages the gut microbiome, how it substitutes for the

amino acid glycine during protein synthesis, and how it disrupts the all-

important and little understood roles of phosphate and sulfate. In chapters 7

through 10, I look at how this biochemistry plays out in specific conditions—

liver disease, infertility, neurological disorders, and autoimmunity—that are

caused in part by glyphosate’s unique mechanism of toxicity. The final chapter

is a call to action to safely rid the world of glyphosate, and to return to

sustainable, or, even better, renewable organic agricultural practices. This last

chapter also contains the best advice I can offer for how to take control of your

health.

In recent years, glyphosate has gotten considerably more attention

because of lawsuits that have linked it to cancer. Anyone who has read the

scientific literature, even the most conventional medical doctors, understands

now that glyphosate is carcinogenic, priming the body to fall prey to cancer.

Throughout the book I address evidence that glyphosate causes physical

damage leading to cancer, but I have chosen not to devote a chapter

specifically to cancer. Why? Because cancer is the end of the line. What I want

you to understand is how exposure to glyphosate sets the stage—through

severe metabolic disruption—to take a person to cancer’s door.

Our path forward is twofold. To state it bluntly, we need to ban

glyphosate worldwide. Banning this toxic chemical is the only real way to

protect what we hold dear. Until that happens, and in the absence of proper

regulatory oversight, we need to protect our own health and the health of our

children.

—————

Maybe you’re an environmentalist who is worried that we humans are

destroying the planet, slowly poisoning the soil, waterways, plants, and

animals. Maybe you’re a farmer concerned about crop yields and pests. Maybe

you’re a science geek like me, a researcher or medical doctor or computer



scientist. Or maybe you’re a health care professional wanting to get to the

bottom of the epidemic of disease and poor health among children and young

adults you see every day in your office. Or you’re a parent (or hope to be one

soon) and you’re desperate to figure out why so many couples fail to conceive

and so many of our children are chronically ill. Whoever you are, I am glad

you’re here.

I wrote this book to blow the whistle on one of the most toxic chemicals

of our time, to inspire you to understand the science behind how we are being

slowly poisoned by glyphosate, and to spur you into action. We got into this

mess because of the greed of chemical companies that put profits over people.

We can get out of this mess by insisting that people and the planet matter

more. The science will lead us where we need to go. I invite you to journey

with me.



— CHAPTER 1 —

Evidence of Harm

Future historians may well look back upon our time and write, not about

how many pounds of pesticide we did or didn’t apply, but by how willing

we are to sacrifice our children and future generations for this massive

genetic engineering experiment that is based on flawed science and failed

promises just to benefit the bottom line of a commercial enterprise.

—DON HUBER, PhD

Glyphosate-based herbicides are used to control a wide variety of weeds that
grow among food crops, residential lawns, gardens, public parks, roadsides,

conservation lands, wildlife areas, rangelands, forests, waterways, and more.1

These herbicides come under a long list of names, including Roundup,
Roundup Ultra, Roundup Pro, AquaMaster, Aqua Neat, Polado, Accord,
Rodeo, Touchdown, Backdraft, Expedite, EZ-Ject, Glyfos, Laredo, Buccaneer
Plus, and Wrangler, among others. These products contain a variety of
chemicals. But in all of them, glyphosate is the primary ingredient, making up
36–48 percent of the product.

Although it’s used as a weed killer today, glyphosate was first patented by
the Stauffer Chemical Company in 1961 as a chelating agent to strip mineral

deposits off pipes and boilers in commercial hot-water systems.2 Then in 1968,
Monsanto patented glyphosate for a totally different application, as an

herbicide for use in agriculture.3 It was then patented a third time (again by

Monsanto) in the early 2000s, this time as an oral antibiotic.4 All of these
applications, as a chelator, an herbicide, and an antibiotic, play a role in the
chemical’s unique and diabolical impact on human health.



With the legal right to its exclusive use in agriculture, Monsanto began
selling a glyphosate-based herbicide, Roundup, in the mid-1970s. Roundup was
marketed as being considerably less toxic than other common herbicides, such
as dicamba and 2,4-D, less persistent in the soil, and safer for humans, animals,
and the environment. By reducing the need for tillage, it was described as “the
perfect environmental solution at the perfect time … one of, if not the safest,

herbicides in history.”5

As a nonselective herbicide, it would kill almost any plant it came in
contact with. Farmers had to be cautious in its application. In the 1980s,
Monsanto began investing in a brilliant new biotechnology research and
development program. The company’s genetic engineers spliced microbial
genes into common crops to make them resistant to Roundup. We generally
use the term genetically modified organisms (GMOs) to describe these types of
crops. These “Roundup Ready” GMO crops transformed the herbicide from a
home run to a grand slam. By the time glyphosate-resistant crops came on the
market in 1996, they were heralded as a major advance in agriculture and
biotechnology—a promise to end hunger and feed the world. And instead of
using glyphosate carefully and selectively, farmers could now douse entire
fields with it and only the weeds, not the Roundup Ready crops, would die.

Sales of Roundup Ready seed, beginning with soybeans and corn, and
followed by canola, sugar beets, cotton, and alfalfa, skyrocketed. So did sales
of Roundup. By 2014, glyphosate use in the United States had risen to 125

million kilograms (about 138,000 tons), up 15-fold from the 1970s.6 Today
nearly 150,000 tons of glyphosate are sprayed onto American crops every year.
That’s the equivalent of one pound of glyphosate per year for every person in

the United States.7

From an industry standpoint, there was only one big monkey wrench in
the weed-killing glory of glyphosate: Living beings want to survive. Organisms
that can withstand poisons will flourish and multiply. While glyphosate would
kill weeds indiscriminately, certain weeds were less sensitive—or became so
over time. These “superweeds” begin to dominate an ecosystem, crowding
out crops, requiring more and more glyphosate, or different herbicides
entirely, to kill them off. The solution? Use more glyphosate! Since 1974, about
8.6 billion kilograms—some 19 billion pounds—of glyphosate have been

applied worldwide.8



GMO technology is a powerful tool that allows genes from other species
(usually microbial genes) to be introduced into the genome of a plant. Such
novel genes can supply the plant with beneficial advantages—frost resistance,
for example, or drought tolerance. To produce glyphosate resistance, a gene
from a bacterium with a version of EPSP synthase insensitive to glyphosate is
inserted into the crop’s genome. The amount of glyphosate used on GMO
crops has increased dramatically over the past two decades. Given the hand-in-
glove relationship between glyphosate and genetically modified crops, you
might think it’s easy to avoid glyphosate by avoiding GM foods. In fact, the
highest levels of glyphosate have consistently been found in non-GMO foods
derived from wheat, oats, and legumes. Why? Because these crops are
commonly sprayed with glyphosate as a desiccant right before harvest, causing
the plant to drop its leaves and dry out so it is easier to harvest. Glyphosate
forces the crop to go to seed as it’s dying, which synchronizes seed production
and increases yield. Many other crops are desiccated with glyphosate,
including barley and rye, and oily crops such as canola, safflower, sunflower,
linseed and flax, that are used for vegetable oil production. At this point in the
plant’s life cycle, it is not a problem if glyphosate kills it. In fact, that is the
intent.

The astute shopper should be aware of the difference between the label
“non-GMO” and “certified organic.” By law, glyphosate cannot be used on
certified organic crops. Even if a food is certified organic, however, it doesn’t
necessarily mean the food is glyphosate-free. Though organically grown foods
usually test at much lower levels for glyphosate than conventionally grown
food, it’s nearly impossible to avoid glyphosate in the soil, in animal manure,
in rainwater, and in wind drift.

Glyphosate-based herbicides have become so pervasive that even food
from farms nowhere near where glyphosate is sprayed can be contaminated.
When the FDA tested 28 samples of honey in 2017, 100 percent contained

glyphosate.9 Two years later, government scientists in Canada found the

herbicide in 197 out of 200 honey samples they tested.10 Bees don’t understand
property boundaries. They forage freely, picking up bits of herbicides and
insecticides as they fly from flower to flower, bringing it back to their hives.

Glyphosate has been showing up in human urine since 1993, well before

genetically engineered Roundup Ready crops were in widespread use.11 But



while only 12 percent of Americans tested positive for glyphosate exposure

from 1993 to 1996, at least 70 percent of Americans test positive today.12 As
high as that number sounds, it’s likely an underestimate. Of the several dozen
patients one doctor in southern Oregon tested for glyphosate—most of whom
were self-described health nuts who eat organic food—100 percent, including

the doctor himself, came back positive.13 People who eat a predominantly
organic diet have significantly less glyphosate in their urine than people who
consume mostly conventional foods, and people who are healthy have
significantly lower levels of glyphosate in their urine than those who are

chronically ill.14 Still, glyphosate is nearly impossible to completely avoid.

We are all being exposed to glyphosate—primarily from the food we eat,
but also from the water we drink and bathe and swim in; the lawns we walk
on; the parks children play at; and probably even the medicines and
nutraceuticals we take. Glyphosate is also in the air—a particular risk to
people who live in farming communities—and it has been shown to be a

contributing factor in rising rates of lung damage, asthma, and allergies.15

When a chemical is so pervasive, so ubiquitous, so nearly impossible for even
the most diligent person to avoid, it is especially incumbent on regulatory
agencies and elected officials to ask tough questions, conduct rigorous
investigations and hearings, and put the health and safety of its populace first.
But in the case of glyphosate, this hasn’t happened. It’s an abdication of
responsibility and a disgrace to democracy.

Junk Science

In 2020, a team of Italian medical doctors specializing in cardiovascular disease
analyzed emails and memos from Monsanto, finding that the company had a
“coordinated strategy to manipulate the debate about the safety of glyphosate
to the company’s advantage.” Similar to the junk science produced and
promoted by the tobacco industry, this manipulation “seriously jeopardizes
the credibility of … scientific study in the modern era,” the Italians

concluded.16

In 2019, a team of California-based scientists tried to parse out whether
genetically modified foods per se were damaging, or whether it was the



glyphosate that genetically modified foods are frequently sprayed with that

poses the real threat.17 Their experiments revealed that when fruit flies were
fed genetically modified foods that were treated with glyphosate, they died
sooner and in greater numbers; but when they were fed genetically modified
foods that weren’t treated with glyphosate, they didn’t. The problem is that
industry-funded studies to evaluate the safety of genetically modified
organisms are often conducted on animals fed genetically modified foods that

are not treated with glyphosate.18 You read this correctly: They test foods that
are not treated with glyphosate even though the point of genetic modification
is to allow crop plants to withstand glyphosate. In practice, genetically
modified crops are almost always exposed to glyphosate. In order to prove this
food is safe, we have to test crops that have been exposed to glyphosate.

Well-designed toxicology studies include a control, a group of subjects
identical to the treatment group except for the toxic exposure. Yet even
control groups of animals purportedly not exposed to glyphosate often have

detectable levels of glyphosate in their bodies.19 This may be due to glyphosate
contamination of animal feed, water, bedding, or all three. This means there is
often no real glyphosate-free control group to compare against glyphosate-
exposed subjects. We need to keep this in mind when evaluating papers that
compare a control group to a treatment group of glyphosate-exposed animals.

Acceptable Amounts?

From the 1920s until it was finally phased out in 1996 as part of the Clean Air

Act, lead was a key additive to gasoline in the United States.20 Houses were
painted with lead paint and water pipes were made from lead. It’s a
remarkably useful metal, but it’s also extremely harmful to human health.
When my four sons were young, lead wasn’t on any doctor’s radar. In the
1980s doctors were told that children could safely have 20 micrograms per
deciliter of lead in their bloodstream. Now we know that even just 5
micrograms of lead in the blood is dangerous and potentially brain damaging.
The current scientific consensus is that no amount of lead is safe in the
bloodstreams of children.

The Environmental Protection Agency’s job is to evaluate and regulate
pesticides to make sure they are safe for both human health and the



environment. (Insecticides, fungicides, and herbicides all fall under the
umbrella term pesticide.) The Food and Drug Administration’s job is to make
sure chemical herbicide food residues don’t exceed the EPA’s safety limits.
Since first registered with the EPA, glyphosate has been reviewed for safety

once every 15 years.21 In 2016, the EPA declared that the Acceptable Daily
Intake of glyphosate is 1.75 micrograms per kilogram of body weight per

day.22 (The ADI adopted by the European Union is much lower at only 0.5

micrograms per kilogram of body weight per day.23) This means that,
according to the EPA, a 150-pound person (68 kilograms) can “safely” eat 120
micrograms of glyphosate a day. In January 2020, in response to industry
pressure, the EPA declared that “there are no risks of concern to human health
when glyphosate is used in accordance with its current label,” and that

glyphosate is “unlikely to be a human carcinogen.”24 But science shows that
the EPA is wrong. As I explain throughout this book, a growing body of
scientific literature strongly suggests that no amount of glyphosate is safe.

In 2018, a team of scientists from Italy, Denmark, and the United States
exposed albino rats to glyphosate and Roundup at the rodent-equivalent doses
considered safe for humans, and then tested their microbiomes. The
microbiomes of both the mother rats and their offspring were disrupted, the
pups faring worse than the dams. The exposed rats showed fewer beneficial
bacteria, such as Lactobacillus and Bifidobacteria, and more pathogenic ones—
Prevotella, in particular, which is often associated with infections. Lactobacillus,
normally the first species to colonize the gut, aid in metabolizing milk.
Disrupting Lactobacillus allows pathogenic bacteria to gain traction. The
glyphosate-exposed rats suffered many other negative health effects, including
hormone problems and reproductive damage. Female rats also had

abnormally high levels of testosterone.25

In another well-designed experiment, Italian biologists exposed human
cells to glyphosate at varying concentrations, most at amounts below the
EPA’s ADI. The glyphosate-exposed cells showed abnormally high

chromosomal aberrations at all levels except the very lowest.26 Experiments
on eels and fish have similarly shown DNA damage after exposure to

glyphosate-based herbicides at very low levels.27 Likewise, researchers in Spain
have found that glyphosate crosses the blood-brain barrier and overstimulates



neurotransmitter receptors in various regions of the brain, causing neuronal
excitotoxicity, a pathological process that damages and kills neurons. When
the researchers investigated different exposure levels, they uncovered a dose-
response relationship between glyphosate and the major neurotransmitters in

different regions of the brain.28

Even at exposure levels measured in parts per trillion, glyphosate

stimulates hormone-sensitive breast cancer cells to grow unchecked.29 A part
per trillion is one drop of water in an Olympic-sized swimming pool, an
amount that is so tiny it’s hard for our brains to conceptualize. Glyphosate
primes mammary cells to become more sensitive to well-established

carcinogens, increasing the risk that these toxicants will induce cancer.30

Researchers have also found that when human lung cells are exposed to
Roundup at concentrations ranging from 50 to 125 micrograms per milliliter
—lower than the typical occupational exposure level of agricultural workers—

it causes DNA damage and programmed cell death.31 DNA damage over time
can lead to cancer.

Scientists who study hormones in humans and other animals have found
that endocrine-disrupting chemicals often have more dramatic effects at lower
doses than at higher doses, defying the adage that “the dose makes the

poison.”32 In fact, counterintuitively, glyphosate-associated birth defects are
often more frequent with a lower-dose exposure during pregnancy. After
exposing pregnant rats to relatively high doses of a glyphosate formulation, a
team of scientists from across the United States and Korea found an inverse
relationship between the exposure level and the presence of malformations.
The highest percentages of pups with the most health problems, including a
severe generalized whole-body tissue swelling related to liver failure, kidney
failure, and heart failure (called anasarca), were those exposed to the lowest

amounts of glyphosate. If you’re an animal lover, the details f rom this
experiment are difficult to read: Half the pregnant rats died from the toxic

exposure.33

Killing Us Slowly



Rats and other rodents make up 95 percent of all lab animals used in
biomedical research. There are many reasons why they’re a good choice:
They’re small, easy to maintain in cages, and relatively inexpensive to care for.
Rats and mice also have a lot in common with humans in terms of genetics
and disease processes. Their one- to two-year life spans mean that multiple
generations can be studied over a short time period. Sophisticated
biotechnology also enables creative design of rodents’ genetic profile,
including the insertion of human genes into their genome so as to better
understand effects on humans. The genome of rats is well characterized, and
many species have been inbred in the laboratory over decades to create
specific strains with little genetic variability and predictable metabolic features.
These “bioidentical” rodents are especially helpful in identifying and studying
environmental toxicants.

In all the hundreds of scientific studies I have read, one stands out. French
researchers, led by Gilles-Éric Séralini, a professor of molecular biology at the
University of Caen Normandy, showed that chronic exposure to low doses of
Roundup leads to significant harm in rats. In a study that essentially repeated a
study that had been conducted by Monsanto, Séralini’s team fed rats
Roundup-treated genetically modified corn, but instead of stopping at three
months, as Monsanto did, Séralini’s team continued the experiment for two

years.34 This time frame is significant, because the agrichemical industry has
devised an expedient rule that three months is sufficient time to demonstrate
toxicity. While there were no obvious differences between the control group
and the experimental group at three months, the female rats eventually
developed massive mammary tumors, male rats experienced damage to their
liver and kidneys, and both males and females experienced reproductive
problems and early death. The first two male rats that died in the
experimental group died a year earlier than the first male in the control group.
Three times as many females in the group that ate Roundup-exposed corn died
by the end of the two-year experiment as in the control female group.

Following the 2012 publication of this research in Food and Chemical

Toxicology, Monsanto pressured the journal for a retraction, mainly arguing

that the number of rats in the study was too small.35 One former Monsanto
scientist, Richard Goodman, used his position on the journal’s editorial board
to put pressure on the journal’s editor, a former Monsanto employee, to



discredit the research. The journal’s retraction decision is almost comical:
“Unequivocally, the Editor-in-Chief found no evidence of fraud or intentional
misrepresentation of the data,” the journal editors explained. But it also said:

“Ultimately, the results presented (while not incorrect) are inconclusive.”36

Scientific results are always open to further scrutiny. To retract a paper
because its results are “inconclusive” is highly irregular. That Monsanto
succeeded in its aggressive campaign to censor the research, and the journal
issued a retraction in November 2013, demonstrates a disturbing level of
industry control over scientific and public debate. In 2014, Séralini’s paper was

republished in Environmental Sciences Europe.37

Séralini’s team published another paper in 2018 that analyzed toxicity of

14 different glyphosate-based formulations.38 Using mass spectroscopy, the
team identified a family of petroleum-based oxidized molecules, including
polyethoxylated tallow amine (POEA), as primary additives that increase a
plant cell’s ability to take up glyphosate. Mass spectroscopy also detected the
heavy metals arsenic, chromium, cobalt, lead, and nickel. The glyphosate
formulations acted as endocrine disruptors at levels below the plant cell’s
cytotoxic threshold, whereas glyphosate alone did not. These findings are
especially disturbing because the initial studies conducted to evaluate
glyphosate’s toxicity, as well as the ongoing reevaluations that have led to its
continued approval, only evaluate glyphosate in isolation. Scientific findings
about safety that may be technically accurate in a petri dish may not translate
into the real-world use of this chemical. Why? Because in practice, glyphosate
is never used in isolation.

Séralini and his team concluded that glyphosate formulations are much
more acutely toxic than glyphosate alone. Acute toxicity refers to the negative
effects of a substance after a single exposure or after multiple, but short-lived,
exposures. I believe these scientists are correct in that we should be concerned
about glyphosate and its adjuvants causing acute toxicity. At the same time, as
we will see, it is likely that the slow kill effect observed in their long-term
study is due to glyphosate itself, not to the other ingredients.

The industry has led us to believe that ingested glyphosate is swiftly
removed from the body via the urine and the feces, but many independent
studies have shown otherwise. Glyphosate has been detected in the kidney,



liver, lungs, spleen, muscles, and intestines of dairy cows, with the highest

levels showing up in the lungs.39 Residues have been found in the liver, spleen,

lung, intestine, heart, muscles, and kidneys of broiler chickens.40 And
glyphosate has also been detected in multiple organs of deformed piglets—
primarily in their hearts and lungs, but also in lower amounts in their muscles,
livers, kidneys, brains, and intestines. These glyphosate-exposed piglets were
born with congenital malformation of their ears, brains, and legs. One had
only a single large eye, another an elephant-sized tongue, a third piglet was

missing a snout. Yet another was a female piglet born with testes.41

A Powerful Chelator

As I mention in the introduction, chelators are small molecules that bind
tightly to metal ions. Chele in Greek means claw-shaped, so think of chelators
as molecules with claws that “hook” metals. In biology, chelation can render
the metal ions inaccessible to living cells, so doctors will use a powerful
chelator such as EDTA (ethylenediamine tetra-acetic acid), which can bind
with many minerals and metals including aluminum, zinc, magnesium, and
calcium, to treat life-threatening hypercalcemia and other toxic metal
exposures. Deferoxamine binds with iron and aluminum, so it is sometimes
used to remove iron that builds up in the blood from repeated transfusions.
Since the 1950s, chelators have also been used to treat lead exposure.

Though chelators can have beneficial applications, they can also be
dangerous if they bind with minerals that play an essential role in living cells.
Glyphosate is a powerful chelator. It binds tightly to metals, making them less
available as catalysts for multiple enzymes that depend on them for proper
function. (A catalyst is something that increases the rate of the reaction
without itself being modified; many minerals serve this role in enzymatic
reactions.) Glyphosate is particularly effective at binding to a class of minerals
called +2 cations, including zinc, copper, manganese, magnesium, cobalt, and
iron. Since plants exposed to glyphosate take up smaller amounts of these
critical minerals into their tissues, foods derived from these plants will be

mineral deficient.42 We humans need only tiny amounts of these minerals in
our diet, but deficiencies can result in serious adverse health consequences.



Let me give you an example. Many pancreatic digestive enzymes depend
on zinc. Zinc deficiency can disrupt the immune system, cause unexplained
weight loss and brain fog, and lead to diarrhea, loss of appetite, skin sores that
won’t heal, and a loss of sense of smell and taste. Zinc deficiency is more
prevalent in animals chronically exposed to glyphosate. In a German study,
piglets fed a zinc-deficient diet showed serious digestive problems early on,

even before clinical symptoms of zinc deficiency appeared.43

Cobalt and manganese are also affected by glyphosate. In a study on
dairy cows in Denmark, these minerals were consistently found to be at levels

far below the minimum expected range in cows from eight different farms.44

Cobalamin, which you might know of as vitamin B12, depends on cobalt as a

catalyst. It’s an important enzyme in the body. It regulates many metabolic
pathways, and it is vital for the normal formation of red blood cells and
healthy nerve and brain tissue. Only a few enzymes depend on cobalamin, but
each is essential for cellular function, a subject I’ll return to in chapter 3 and
chapter 9.

Simultaneously Deficient and Toxic

Anthony Samsel is a unique scientist: brilliant, passionate, eccentric, and
stubbornly self-sufficient. He had an illustrious career as a chemist in an
Arthur D. Little think tank, and he holds many chemical patents. Now retired,
Samsel lives on several acres of land in New Hampshire where he grows
organic crops, providing most of the food for his family from his own small
farm. Samsel also still works as a toxicology consultant. His expertise includes
assessing the nutritional content of food crops exposed to toxicants and
studying contamination in foods, nutritional supplements, and medicines. He
has been collecting important data on glyphosate levels in teeth, fingernails,
bile acids, and digestive enzymes.

Samsel and I met in 2012. Since then we have collaborated on a series of
six peer-reviewed scientific articles. Together we discovered that glyphosate
not only makes beneficial minerals toxic, but that it also transports and
delivers known toxic metals, such as aluminum and arsenic, to acidic areas of
the body where it then releases the toxic cargo. In our research we found that
glyphosate disrupts manganese, making it simultaneously deficient and



toxic.45 Other scientists have confirmed that by escorting arsenic to the
kidneys and unloading it in the acidic environment of the renal tubules,
glyphosate is likely contributing to an epidemic in kidney failure in Sri

Lanka.46 Kidney failure at a young age is also now a major problem among
agricultural workers in the sugar cane fields in Central America, and

glyphosate is likely a major contributor here as well.47

You have just learned that EDTA is a strong metal chelator. Glyphosate

binds with aluminum one million times more readily than EDTA does.48 Two
glyphosate molecules wrap around an aluminum atom, hiding its charge and

producing an uncharged small molecule that easily crosses barriers.49 This
glyphosate binding allows aluminum to be carried past the gut barrier and
into the brainstem nuclei, where an acidic environment prompts the

glyphosate to release it.50 The last place we want aluminum is inside the

brain.51

In December 2015, Anthony called me up to tell me of his excitement in
his realization of the chilling idea that glyphosate might be disrupting protein
synthesis through its role as an amino acid analogue of the coding amino acid
glycine. I was skeptical at first, but once I started investigating this idea, it
became clear to me that it could be the mechanism by which glyphosate is a
diabolical and insidious disruptor of systemic metabolism in all living species.
I’ll be walking you through this concept, which is a central theme of this book,
later on.

Killing Us Quickly

Farmers have been dying by suicide in record numbers in both the United

States and around the world.52 These agricultural workers have an easy way to
harm themselves: by drinking the poisons they use on their crops. There is
evidence that death by glyphosate intoxication has become a serious problem

in Argentina, Brazil, Canada, and the United States.53 Symptoms of acute
glyphosate poisoning include intestinal pain, vomiting, fluid buildup in the
lungs, pneumonia, loss of consciousness, difficulty breathing, loss of muscle

control, convulsions, destruction of red blood cells, and death.54



Of course, these suicides and suicide attempts involve drinking a
glyphosate-based formulation, which has other ingredients besides glyphosate.
These ingredients include salt buffers and surfactants such as POEA, which are
added to act as adjuvants to make glyphosate more soluble and better able to
enter plant cell walls. As we saw from Séralini’s research, these other
ingredients may be acutely toxic in and of themselves. In fact, in some cases,

they may be up to a thousand times more acutely toxic than glyphosate.55

While it makes you tremendously ill, ingesting glyphosate formulations
is not always lethal. Research from Taiwan showed that over 70 percent of

people with acute exposure survived.56 Metabolic acidosis, an abnormal chest
X-ray, tachycardia, and kidney stress were associated with an increased risk of
dying, as were dangerously elevated potassium levels and breathing problems
severe enough to require intubation. From this research, conducted in 2008, it
looks as though damage to the lungs, kidneys, and heart are key factors
leading to death.

Other analyses have shown survival rates as low as 54 percent and as high

as 92 percent.57 In 2011, when Taiwanese researchers studied 131 patients,
they found that every one of them became very ill. Altered consciousness,
difficulty breathing, irregular heartbeat rhythm, and shock were more
frequent in people who died. One of the reasons drinking a glyphosate-based
herbicide can be deadly is that it suppresses cardiac conduction and
contractility and essentially destroys the heart. A South Korean study
conducted in 2014 analyzed data from over 150 patients who attempted

suicide by this method.58 Twelve percent died. As was the case in Taiwan,
these deaths were often preceded by severe heart arrhythmia.

Cancer Concerns

In April 2015, after looking closely at all the existing literature on glyphosate,
the International Agency for Research on Cancer, which is part of the World

Health Organization, declared glyphosate a probable carcinogen.59 This
designation met with considerable pushback from Monsanto. But the IARC
stood firm. People who developed cancer, specifically non-Hodgkin’s



lymphoma, after using Roundup became emboldened to seek compensation
from Monsanto.

Dewayne Johnson was a groundskeeper at a California school in 2014
when he was diagnosed at the age of 42 with non-Hodgkin’s lymphoma. He
had been using Roundup frequently as a part of his duties. In a historic
lawsuit, this father of three young sons sued Monsanto, now owned by the
German multinational Bayer AG, alleging the company had caused his life-
threatening cancer by covering up the known risks of Roundup for decades. In
a landmark verdict, Johnson was awarded $289 million by a jury (later reduced
by a judge to $78 million), emboldening other victims and paving the way for

future lawsuits.60 “Monsanto does not particularly care whether its product is
in fact giving people cancer,” Judge Vince Chhabria wrote in a court
document filed on March 7, 2019, “focusing instead on manipulating public
opinion and undermining anyone who raises genuine and legitimate concerns

about the issue.”61

Cancer can take a long time to develop. As I mentioned previously,
excessive DNA damage is a precursor to cancer. Scientists test for a chemical’s
potential as a carcinogen by exposing cells to the chemical and looking for
damage to the chromosomes. When human liver cells are exposed to low
doses of glyphosate, similar to what we’re exposed to in the environment,

DNA damage ensues.62 Human white blood cells exposed to glyphosate also
suffer from DNA damage, including to a gene that suppresses cancer tumors

(the p53 promoter gene).63 Destroying the protective benefit of the p53

promoter gene paves the way for invasive leukemias and lymphomas.64 We
also see in population science what we see in the laboratory: Researchers have
found DNA damage in agricultural workers exposed to glyphosate in Ecuador

and Colombia.65

While we have been told for years by industry apologists that Roundup is

safe, now even mainstream news outlets know we’ve been duped.66 In June
2020, Bayer announced a settlement to pay over $10 billion to settle 100,000

lawsuits with plaintiffs who claimed they got cancer from using its products.67

One of the largest settlements in the history of US civil litigation to date, it
isn’t nearly enough. No amount of money in the world can give people back
their health. Bayer has admitted no wrongdoing or liability.



The world needs to understand that cancer is only one of the health

hazards of glyphosate exposure.68 Glyphosate pollutes the soil and the plant
life that depends on it. It taints our food and our water. The negative health
consequences of glyphosate can be seen across multiple generations. It’s
biopersistent and, in the United States especially, almost unavoidable.
Supposedly safe limits for humans are based on outdated science.

The healthiest countries are those where people are able to live out their
natural lives without getting sick and dying prematurely. The life expectancy
rate in the United States lags sorely behind its industrial counterparts. While
all other industrialized countries are seeing life expectancy rates rise, ours

declined from 2014 to 2017.69 For one of the wealthiest countries in the world,
we have among the lowest life expectancy rates. Even the death rate among

young people in America is going in the wrong direction.70

On nearly every health indicator the United States ranks last or next-to-
last among industrialized countries. We also use more glyphosate per capita
than any other industrialized nation. Of course, correlation does not equal
causation, as many working in the chemical industry, and those who turn a
blind eye to our current health crises, are quick to point out. But in the case of
glyphosate, as I’ll show you throughout this book, there’s a more apt
expression: Where there’s smoke, there’s fire.



— CHAPTER 2 —

Failing Ecosystems

If our extinction proceeds slowly enough to allow a moment of horrified

realization, the doers of the deed will likely be quite taken aback on

realizing that they have actually destroyed the world.

—ELIEZER YUDKOWSKY, research fellow,

Machine Intelligence Research Institute

The words of ecologist William Ophuls haunt me: “A fortunate minority gains

luxuries and freedoms galore,” he wrote in an essay titled “Apologies to the

Grandchildren,” “but only by slaughtering, poisoning, and exhausting

creation. So we bequeath you a ruined planet that dooms you to a

hardscrabble existence, or perhaps none at all.”1 I have four sons and eleven

grandchildren. As I write these words, the youngest is just a few days old.

There are about 7.8 billion people on the planet now. I do not want to hand a

scorched Earth to our children and grandchildren.

There are 550 gigatons of carbon in the form of biomass on Earth.2

Humans, despite our exploding population, account for only 0.01 percent of it.

If humans were all together on a giant seesaw with every person on Earth on

one side and all the bacteria on Earth on the other, we humans would shoot

skyward, our legs dangling in the air high above the ground. Bacteria vastly

outweigh and outnumber us. But despite accounting for so little organic

matter, humans have an outsized and particularly destructive impact.

The loss of clean water, healthy soil, and unpolluted air poses a dire

threat to humanity and to many wild species. Populations of mammals, birds,

fish, reptiles, and amphibians have already shrunk by 60 percent in just four



decades. Many species will become extinct within the next 10 years. This loss

of biodiversity will have disastrous consequences. If we maintain our current

practices, we run a real risk of polluting ourselves—and much of life as we

know it on our planet—out of existence.3

As I mentioned in chapter 1, over the past two decades the use of

glyphosate on core crops has increased dramatically. The introduction of the

genetically modified crops in the late 1990s was a boon to the industry.

Roundup Ready crops, including corn, soy, canola, sugar beets, alfalfa, cotton,

and tobacco, are genetically modified by the insertion of a microbial gene that

produces a version of the enzyme EPSP (5-enolpyruvylshikimate-3-phosphate)

synthase that is resistant to glyphosate’s effects. This is the enzyme in the

shikimate pathway that glyphosate disrupts.

As you know, many non-GMO crops are also commonly exposed to

glyphosate. These crops are commonly sprayed right before harvest, with

glyphosate acting as a ripener or a drying agent. Particularly in northern

regions such as Canada where the growing season is short, the goal is to force

the crop to ripen before frost sets in. As I mentioned in the last chapter, this

practice is also increasing in part because farmers have learned that

synchronizing plants to go to seed at the same time improves yield. Crops

commonly treated right before harvest include wheat, oats, barley, sugar cane,

sunflower seeds, and legumes such as chickpeas, lentils, and soybeans.

Like the United States and Canada, Argentina has seen a rapid rise in

glyphosate use over the past two decades, along with the widespread adoption

of genetically modified glyphosate-resistant soy crops, mainly for export.

Introduced in the 1980s, glyphosate use quadrupled in Argentina between

1996 and 2012. Some of the highest glyphosate residues have been

accumulating year by year in the Pampas region, a center for soy production.4

Monsanto contends that glyphosate disappears quickly from the

environment after it is applied. The company claims that glyphosate is largely

metabolized by soil bacteria within a couple of weeks. Scientific research

paints a different picture. Of five herbicides used in Finnish sugar beet fields,

glyphosate was found to be the second most persistent, still present well into

the spring following a fall application.5



Scientists have also found that, in places where glyphosate is heavily used,

the total amount of glyphosate used over time correlates more strongly with

the amount of glyphosate detected in the soil than the amount of glyphosate

used in the most recent applications. This was found to be true in the Pampas

region of Argentina where Roundup Ready soybeans are grown. Practically

speaking, this means that the amount of glyphosate a farmer applies each year

likely exceeds the degradation rate. With every five applications, there is an

estimated increase of one milligram of glyphosate per kilogram of soil.6

How quickly does glyphosate actually degrade in natural soils? Slowly. In

one experiment, radiolabeled glyphosate was added to undisturbed sand and

clay. Scientists then analyzed samples, taken weekly for more than two years.

They found that after 748 days, 59 percent of the glyphosate was still present.7

No one denies that there is an environmental crisis unfolding today.

Different species from multiple phyla, from fungi to insects to amphibians to

birds, are experiencing rapid and alarming population declines. Of course, not

all environmental destruction can be attributed to glyphosate. But it is a major

factor in biodiversity loss, including the dramatic collapse of monarch

butterflies and honeybees, and declining overall health in plants, animals,

other living organisms, and entire ecosystems. It is inducing an epidemic of

pathogenic fungal infection in plants, animals, and humans. There is even

evidence that glyphosate is contributing to health problems in pets.

In 2017 a team of French and English scientists found disruption in 82

proteins present in the fungus Aspergillus nidulans following glyphosate

exposure in amounts far below what is recommended for agricultural use.

They discovered that the majority of the disrupted proteins were part of the

detoxification and stress response. Others were linked to protein synthesis,

amino acid metabolism, and the citric acid cycle.8 This research shows that

glyphosate disrupts the cells of even the most primitive life forms in complex

ways, causing them to abnormally increase production of some proteins and

decrease production of others.

Fungus among Us



Although people often associate fungi and mushrooms with pathogenicity,

many fungi are actually beneficial to humans, the soil, and entire ecosystems.

In fact, we cannot survive without them. Mycorrhizal fungi live in the

rhizosphere around plant roots, benefiting the plant and the soil ecosystem in

diverse ways. With their vast networks of filamentous mycelium, mycorrhizal

fungi facilitate the uptake of nutrients and minerals and increase plants’

resistance to drought, salinity, insects, and toxic exposures.9 The mycelium

even forms a communication network among the plants to inform one

another of threat.10

Mycorrhizae are part of a complicated, magnificently organized

underground ecosystem of living and dead matter. Soil contains trillions of

microorganisms, including fungi, bacteria, nematodes, and protozoa, as well

as larger organisms such as earthworms, ants, underground insects, and

burrowing animals. A healthy soil ecosystem is a biodiverse ecosystem.

Glyphosate, however, disrupts the balance. It clears the way for

pathogenic fungal overgrowth, predominantly from mycotoxins produced by

Fusarium and Aspergillus strains of fungi. Pathogenic species of Fusarium cause

crown rot, root rot, and head blight in cereal crops. In Australia, Fusarium

species are estimated to account for nearly 8 million dollars of lost revenue

from reduced yield due to crown rot.11 A study based in western Canada

showed that glyphosate use was one of the biggest factors in the proliferation

of pathogenic fungi.12 The fungi produce excessive amounts of oxalic acid,

and its accumulation in plant tissue leads to a drop in the plant’s pH. This is a

boon for fungi, which have many enzymes with optimal activity below pH 5.

But the metabolites released by these fungal enzymes cause the plant to wilt.13

Pathogenic fungi also threaten bats, amphibians, and reptiles, as well as

human health.14 One of my nieces recently developed a Candida infection. She

had a thick white coating on her tongue, a cottony feeling in her mouth, and

difficulty swallowing. Fungus commonly causes toenails to become painfully

itchy, brown, and cracked. In Central and South America, people who work

outdoors in rural areas sometimes get a skin and lung disease called

paracoccidioidomycosis, which causes lesions in the mouth and throat

associated with swollen lymph nodes, fever, and weight loss. Overall, fungal



infections of the skin, nails, and hair affect more than a billion people

worldwide.15

More than 150 million people have fungal disease that is severe enough

to be life threatening. The number of people who die of fungal disease each

year is 1.7 million. Global mortality associated with fungal disease is higher

than that of tuberculosis and more than three times higher than malaria.16

Some common fungal diseases that can become serious include aspergillosis,

Pneumocystis pneumonia, vaginal candidiasis, thrush (Candida in the mouth),

and invasive candidiasis, where Candida infects multiple body organs.17

Glyphosate in the soil and water is likely contributing to increases in

fungal infections. Many pathogenic fungi use glyphosate both as a nutrient

and an energy source. The fact that some fungi thrive in the presence of

glyphosate has led scientists to make a case for using certain fungal species,

such as Aspergillus oryzae, to help clear glyphosate from the soil.18 There’s

another connection between the rise of pathogenic fungi and the overuse of

glyphosate. Recall that I noted in chapter 1 that glyphosate is patented as an

antibiotic. Many bacterial species in the human gut are sensitive to glyphosate,

and the loss of bacteria caused from this antibiotic gives fungi such as Candida

an opportunity to expand disproportionately.

When scientists in Argentina compared fungi that thrived in soils

exposed to glyphosate with fungi that thrived in control soils without

glyphosate exposure, they found that Candida krusei, a wild species of yeast,

were dominant in the glyphosate-exposed soils.19 This fungus’s ability to

degrade glyphosate gave it a distinct advantage in the exposed soils. Candida

krusei is now a multidrug-resistant fungus that infects humans, and it has

become a major threat for patients suffering from leukemia and lymphoma,

due to their weakened immune systems.20

You may have noticed an intriguing paradox in all this research:

Pathogenic fungi that can metabolize glyphosate not only have a distinct

advantage over other species in the human host but also protect the host from

glyphosate toxicity by clearing the glyphosate. While there may be a future

role for fungi in helping us heal glyphosate-damaged soil, the overgrowth of

fungi leading to serious and potential fatal infections is cause for concern.



On November 13, 2019, the Centers for Disease Control and Prevention

(CDC) released a report warning about the emergence of antibiotic resistant

fungi, singling out a new species, Candida auris, which first showed up in Japan

10 years earlier.21 It is now circulating among hospitals on multiple continents

and is resistant to all known antifungal agents. As of November 25, 2020, there

were a total of 1,364 confirmed clinical cases of Candida auris in the United

States with the highest numbers in Illinois, New York, New Jersey, and

Florida.22 It is extremely virulent with a 30 to 60 percent fatality rate.23

Anyone can succumb to a pathogenic fungal infection, but people with

compromised immune systems are especially susceptible. Glyphosate, as we’ll

see in chapter 10, compromises the immune system. Places where fungal

resistance is most problematic—North America, Europe, Australia, Brazil, and

India—are also places where glyphosate usage is most prevalent. We can

anticipate a future fungal disease pandemic if glyphosate usage continues to

escalate as it has in the past.

Poisoning Our Waters

Scientists have detected glyphosate in soils and sediment, ditches and drains,

precipitation, rivers, and streams in multiple locations across the United

States.24 Glyphosate pollution was found in 84 percent of 68 water samples

taken from Canada’s Saint Lawrence River system.25 And a study based on

samples taken from the intensive agricultural greenbelt zone around the city

of Córdoba, Argentina, found high occurrences of glyphosate in water,

sediment, and suspended particulate matter.26 Glyphosate in waterways causes

harm in a variety of ways.

Lake Okeechobee in south central Florida is surrounded by sugarcane

fields that are sprayed with glyphosate right before harvest, likely contributing

to cyanobacteria blooms in the lake. Cyanobacteria, also known as blue-green

algae, grow in fresh, brackish, and marine waters and thrive when the

temperatures are high and there is a lot of phosphate in the water. Phosphate

levels in waterways have been steadily rising across the United States over the

past decade.27 The percentage of streams in the United States uncontaminated

by phosphate decreased from 24.5 percent in 2004 to 10.4 percent five years



later to only 1.6 percent in 2014. Streams that were once relatively free of

phosphate are now full of it.

The National Ocean Service has identified eutrophication—the

overabundance of nutrients and minerals in a body of water—as a major

threat to the nation’s waterways, but nutrient pollution is a global problem

that does not respect national borders. Its impacts are everywhere from the

Great Barrier Reef off the coast of Australia to the huge dead zone outside the

Mississippi River delta. It leads to the overgrowth of cyanobacteria and toxic

algae blooms, fish kills, and dead zones, as animals are starved of oxygen.28 Of

course, poisoned waters harm many forms of marine life, not just fish.

Phosphate is a major source of eutrophication.29

While phosphate fertilizers are an obvious source of phosphate, there is

another ominous source that is being mostly overlooked: glyphosate.

Glyphosate itself is water soluble, so it can freely enter the waterways where it

can be metabolized by any microbes that are able to break it down. While

many microbes are unable to metabolize glyphosate, cyanobacteria love

glyphosate, exploiting it as a source of phosphorus to produce phosphate.

Cyanobacteria flourish in glyphosate-contaminated waters.30 This is a huge

and growing problem in the shallow ocean waters surrounding agricultural

regions where glyphosate is heavily used, including in and around the Florida

coast. Scientists believe that heavy rains, flooding, and flood plumes, not to

mention rivers, streams, and other waterways, can deliver dissolved glyphosate

far from shore into the ocean where it then persists for an extended period

with little degradation. Glyphosate persists in seawater in the absence of

sunlight, lasting for up to 315 days in the dark at 31°C. It will persist for 47

days under the more realistic conditions of low light at 25°C.31

The problem of glyphosate in waterways isn’t limited to eutrophication,

however. There’s also the impact of glyphosate itself on aquatic life. Daphnia is

a water flea that is a common inhabitant of freshwater habitats worldwide,

where it’s central to the aquatic food web. But scientists from laboratories in

the UK and the US recently found that both glyphosate and Roundup increase

the number of aborted eggs and juveniles born dead. Both glyphosate and

Roundup also delays maturation and decreases the size of the offspring at

birth, induces DNA damage, and disrupts the gut microbiome of the water

fleas. This research, published in 2020, also revealed that a species of microbes



known to be able to fully break down glyphosate is over-represented in the

fleas’ microbiome. Due to daphnia’s essential role in the ecosystem, the study

authors warn that “the weedkiller can potentially impose a fitness burden on

freshwater aquatic foodwebs.” I would argue it already does.32

Scientists have also found that crabs exposed to glyphosate suffer from

reduced sperm counts and increased numbers of abnormal sperm.33 In a

thorough and carefully designed study on freshwater crayfish exposed to

subacute concentrations of glyphosate, scientists looked for changes in the

activities of various enzymes in the hemolymph (their equivalent to blood)

compared to controls. Crayfish are very sensitive to chemical exposure. The

glyphosate exposure caused cell damage in the liver, pancreas, and hemocytes

(blood cells). Several enzymes, used mainly in the liver and pancreas, were

reduced in activity, indicating damage to the liver and pancreas. The shells of

the glyphosate-exposed crayfish were also unusually soft.34 The damage these

scientists saw to the blood cells and the increased oxidative stress have been

linked to immune dysfunction.35

Perhaps the most disturbing aspect of this study, however, was the

behavior of the crayfish. Prior to exposure, the crayfish congregated in social

groups to share food. After exposure they “quarreled with each other to take

shelter.”36 This behavior was not observed in the control group. Might this be

due to serotonin deficiency induced by glyphosate’s disruption of the

shikimate pathway in the gut microbiome? Serotonin is produced from

tryptophan, one of the three amino acids synthesized by plants and gut

microbes via the shikimate pathway. Glyphosate’s blockage of the shikimate

pathway is believed to be the primary mechanism by which it kills plants.

Most of the serotonin produced in the body is produced in the gut, and

deficiencies in tryptophan in glyphosate-exposed food sources combined with

impaired tryptophan synthesis by gut microbes could conspire to produce a

systemic serotonin deficiency, which has been linked to aggressive, violent

behavior.37

I’ll give you another stunningly sad example. Stranded dolphins are

showing up with amyloid beta plaque in their brains, a characteristic sign of

Alzheimer’s disease. In 2019, a team of marine biologists, neurologists,

chemists, and even a medical examiner examined 14 dolphins that had been



stranded in Florida and Massachusetts. The brains of 13 out of the 14 of the

dolphins were found to contain abnormally high levels of β-N-methylamino-l-

alanine.38 This amino acid, found in 93 percent of these dolphins’ brains, is

produced by cyanobacteria and is known to be neurotoxic.

There is no life on Earth that can survive without water. When we

poison waterways we poison ourselves.

The Last Butterfly

As a child, I loved to be outside in the evening to watch in wonder as the

bioluminescent fireflies twinkled in the darkness. There are more than 200

million insects for every human on the planet. Insects massively outrank all

other animals in terms of diversity, sheer numbers, and total biomass. It’s

estimated that 80 percent of wild plants depend on insects for pollination, and

60 percent of birds rely on insects for food. Preserving the abundance and

diversity of insects is arguably as important as keeping the waterways free of

pollution.

But we seem to be fighting a losing battle. The number of insects around

the world has been declining rapidly, and a full 40 percent of insect species are

currently threatened with extinction.39 When German scientists monitored

insect populations across 96 locations in various protected areas, they found a

76 percent decline in flying insect biomass between 1989 and 2016.40 Moths,

butterflies, wasps, bees, ants, and dung beetles seem to be the most affected.

Pollinating insects, especially, have experienced steep declines.

The monarch butterfly, a once commonplace iconic symbol in North

America, is on the verge of extinction. The monarch makes an epic flight each

fall f rom the northern plains of the United States south to Mexico City, and

then makes a return trek in the spring. There has been a decline of more than

80 percent in the monarch population in the East, and an ominous decline of

99 percent in coastal California from an estimated 4.5 million in the 1980s to

only 28,429 today.41

Several factors are to blame: habitat loss from converting land to

agriculture, predators that kill monarchs faster than their populations can

regenerate, climate change, and pesticides, including glyphosate. Empirical



evidence shows an inverse relationship between glyphosate application rates

by county and local monarch populations.42 The main food that the monarch

caterpillar eats is milkweed, a common weed growing among GMO Roundup

Ready corn and soy crops. While the loss of milkweed has been proposed as a

causal factor in the decline in monarch butterflies, what has not yet been

recognized is that butterflies are also being poisoned by glyphosate in the

milkweed that they do find.

Butterflies aren’t the only insects being decimated. When water fleas

(genus Daphnia) are fed Roundup Ready soy containing glyphosate residues

from commercial farm harvests, they experience stunted growth, have fewer

offspring or are unable to reproduce altogether, and die in record numbers.43

Though negative health effects are more pronounced at the higher levels of

exposure, the fleas’ health outcomes are also poor at levels well below

maximum residue limits set by the EPA.

We’ve also seen an alarming decline in the honeybee population over the

past two decades. Environmentalists, naturalists, farmers, and researchers are

sounding the alarm about colony collapse disorder, a catastrophic

phenomenon that occurs when the majority of the worker bees suddenly

disappear, abandoning the beehive’s larvae and immature bees, causing a

collapse of the colony. Humans may not be able to survive without bees.

These buccaneers of buzz, as the nineteenth-century poet Emily Dickinson

called them, are master pollinators. They fertilize food crops and play a crucial

role in wild plant diversity. Humans aren’t the only animals who get food from

bees. Bears, possums, raccoons, skunks, and insects will eat honey,

honeycomb, larvae, and the bees themselves. Bees are a food source for

dozens of different birds, as well as dragonflies, spiders, and praying mantises.

Pathogens, parasites, genetics, climate change, and a loss of foraging habitat

have all played a role in the decline of the honeybee.44 Neonicotinoid

insecticides, especially Imidacloprid, have been identified as a main culprit.45

Neonicotinoids are a class of insecticides used in agriculture for seed and

soil treatment, as well as in home gardens and on golf courses to control

unwanted insects like aphids, whiteflies, and thrips. They are also used as a flea

and tick treatment for pets. These insecticides disrupt the central nervous

system, killing insects when they come into contact with them or ingest them.

When bee larvae are exposed to neonicotinoids, they show changes in gene



expression. For example, scientists have found a sharp increase in the

production of Cytochrome P450 (CYP) enzymes in exposed bees. CYP

enzymes are important for detoxification of many fat soluble toxic chemicals

and toxins.46 Glyphosate has been shown to suppress liver CYP enzymes in

both rats and chick embryos.47 Neonicotinoid detoxification depends on CYP

enzymes, which glyphosate suppresses. This suggests that simultaneous

exposure to neonicotinoids and glyphosate may be more devastating than

either would be alone, and that scientists should be looking carefully at

synergistic effects of the two pesticides together.

One of the most important functions of honeybee colonies is to fertilize

flowering plants. Among them are almond trees. Almond trees have five-

petaled white or light pink flowers that bloom in early spring. Presumably

since the trees bloomed so early, for early Christians, almonds symbolized

resurrection. In China, almond cookies that look like coins are a favorite treat

during New Year celebrations, symbolizing good fortune. But billions of bees

are dying after being in almond groves, which are commonly treated with

glyphosate. A recent survey of beekeepers showed more than a third of

commercial bee colonies, some 50 billion bees, died over the winter of 2018–

2019.48

What do scientists find when they examine glyphosate’s effects on bees?

Nothing good. When adult worker honeybees are exposed to sublethal doses

of glyphosate, it decreases their short-term memory retention and disrupts the

associative learning necessary for effective foraging.49 Bees are remarkable

insects. They recognize each other’s faces and they can even be taught to

recognize humans. Healthy bees, with practice, find the shortest way back to

their hives. But bees exposed to seemingly “safe” levels of glyphosate take

longer to return to their hives, and they are not able to improve their time

spent finding their way back home in a second release.50 Even when it does

not kill them outright, glyphosate damages their ability to find food. In 2019, a

team of scientists from Argentina examined changes in foraging behavior of

honeybees exposedw to glyphosate in a laboratory setting.51 They discovered

that glyphosate negatively affects their learning, cognitive, and sensory

abilities.



Glyphosate also disrupts the honeybee microbiome.52 Snodgrassella alvi is

an important species in the bee microbiome. All strains of this species encode

a version of the enzyme EPSP synthase that is sensitive to glyphosate. When

worker bees were exposed to small amounts of glyphosate added to sucrose

syrup for 5 days, they had lower numbers of the beneficial S. alvi,

Bifidobacterium, and two Lactobacillus strains. At the same time, the glyphosate

exposure made the bees more susceptible to the pathogenic bacteria Serratia

marcescens. Bees with impaired microbiomes are more likely to abandon their

hives and die from opportunistic infections.

Worms Struggling Blindly

Ramona Quimby, the exuberant troublemaker in Beverly Cleary’s beloved

novels, plucks an earthworm out of the soil to give to a boy as an engagement

ring. Children, farmers, and fisherman all love earthworms, as do blackbirds,

godwits, black-bellied plovers, robins, woodcocks, and other worm-eating

birds. Earthworms play an essential role in maintaining healthy soil. They are

ecosystem engineers, shredding plant litter and mineralizing it in their guts,

breaking down complex nutrients into simpler ones that are more easily

absorbed by plants. Their manure castings are excellent fertilizer and their

below-ground burrowing improves root penetration and water filtration. A

single square meter of land can carry up to 1,000 earthworms.

Scientists in Ireland, however, report a decline in earthworm populations

in tilled soil.53 A recent study in Great Britain also found a reduction in

earthworms on many farms.54 The decline in earthworms may be the main

cause of the alarming declines in song thrushes, one of Britain’s most

cherished birds.55

In 2015, a team of scientists in Austria conducted a revealing

experiment.56 The team set up pots seeded with grasses and herbs in a

greenhouse and introduced two distinctly different species of earthworm: one

that burrows vertically and another that stays underground. The researchers

applied just over half the amount of Roundup recommended for agricultural

use and then carefully collected data on the worms’ activity, compared to the

controls. The scientists anticipated that the burrowing worms would produce



more surface castings following herbicide treatment than in the control,

predicting that the availability of decaying plant material would attract the

burrowing earthworms to the surface.

The opposite turned out to be true. After just one week, the casting rate

of all earthworms exposed to glyphosate, both the burrowing and the non-

burrowing, dramatically decreased. After three weeks, their casting virtually

stopped; the exposed earthworms had essentially stopped eating and

excreting. We don’t know why. Perhaps the earthworms rejected the decaying

plant matter because they could detect glyphosate and refused to eat it. The

more likely hypothesis is even more disturbing: that they developed impaired

mobility due to glyphosate disrupting enzymes in their muscles.57 A third

possibility is that the glyphosate damaged their nervous systems. This is

certainly plausible given that a 2012 study on roundworms found glyphosate

caused damage to the worms’ neurons that release dopamine, resulting in a

condition similar to Parkinson’s disease.58 Reproduction of both species of

earthworm was greatly impaired, reduced by 56 percent in the soil-dwelling

worms three months after the herbicide was applied.

Silent Marshes

I have seven brothers and sisters. Frogs were abundant in the marshes near our

childhood home in Connecticut. One of my brothers spent many hours of

pure joy trying to catch them, bringing them home, and inviting us to revel in

their cold squishiness with him. Like earthworms, amphibians are cold-

blooded animals with moist skin. Unlike earthworms, amphibians go through

two phases of life. Amphibian larvae, called pollywogs or tadpoles, live in the

water and use gills to breathe. Then, in an incredible morphological feat, they

metamorphose, losing their tiny tails and gills and growing limbs and lungs.

Frogs, toads, salamanders, and newts are all amphibians and have been

studied more extensively than earthworms. Many recent findings aren’t good.

Amphibians have suffered from major declines due to severe diseases over the

past few decades. A single chytrid fungus has led to the decline of at least 501

amphibian species and some 90 extinctions.59 Forty-one percent of known

amphibians now risk extinction.60 We know that amphibian populations are

threatened by invasive predators, parasites, climate change, emergent diseases,



and degraded habitats. What is less well known is that amphibians are

especially susceptible to pesticides like glyphosate. Amphibians don’t drink

water; they absorb it through their skin. This highly absorbent skin makes

frogs, toads, newts, and salamanders vulnerable to environmental

contaminants.

In 2005, scientists discovered that when outdoor ponds and surrounding

areas were sprayed with Roundup, 96 to 100 percent of the tadpoles died in

three weeks. Incredibly, 79 percent of juvenile frogs and toads on land died in

just 1 day.61 In 2019, French scientists exposed the eggs of African clawed frogs

to glyphosate and examined the developing embryos for developmental

defects. A remarkable number of embryo defects indicated severely crippled

processes involved in DNA replication and cell division, the first step when a

fertilized egg divides to produce a mature embryo. These defects included

disorganized spindles, disorganized chromosomes, ectopic spindles, and

missing spindles or chromosomes. Researchers discovered “double spindles”

and “double asters” that had never before been recorded in toxicology studies.

Glyphosate also delayed the maturation process.62

A 2019 study on tadpoles showed synergistic toxicity between glyphosate

and arsenic, both of which are present in the ground water of the Argentine

Chaco-Pampa Plain.63 The scientists found a significant increase in thyroid

hormone synthesis, which can disrupt development, when both chemicals

were present. They noted that the combination of glyphosate and arsenic is a

potent endocrine disruptor, causing more DNA damage in the tadpoles than

by the effects of either chemical alone.

Harm to Our Pets

Domestic animals are also being exposed to high levels of glyphosate.64

Researchers based in New York State found widespread occurrence of

glyphosate and its derivative, AMPA (aminomethylphosphonic acid), in the

urine of dogs and cats. N-methyl glyphosate (a glyphosate molecule with a

methyl group (CH3) attached to its nitrogen atom) was also detected in the

urine. Both glyphosate and N-methyl glyphosate are carcinogenic; N-methyl

glyphosate may actually be more carcinogenic than glyphosate itself.65 “Grain-



free” dog foods, often based on legumes such as lentils, chick peas, and fava

beans as a source of protein, are becoming increasingly popular. The highest

levels of glyphosate are consistently found in legumes. Pets are being

overexposed to glyphosate in at least three ways: by eating it (herbicide

residues in their pet food), drinking it (herbicide residues in drinking water),

and getting it on their skin or in their lungs via lawns, public parks, and home

gardens.

In July 2018, the FDA released a statement warning dog owners about

cardiomyopathy. Canine dilated cardiomyopathy is a relatively new disease

among dogs and is believed to be caused by their increasingly toxic diets.66 A

similar heart malady has long been recognized in cats. Interestingly, increasing

the content of taurine in cat food has greatly reduced the risk, and taurine

supplementation also seems to improve symptoms in dogs with

cardiomyopathy. Taurine is stored in high concentrations in the heart and may

be crucial for renewing sulfate supplies to the heart following a heart attack.

How is this related to glyphosate? Glyphosate severely suppresses taurine

uptake.67 We’ll talk more about taurine in chapter 6.

Other harmful additives in pet food may compound the problem of

glyphosate toxicity. Purina brand cat food products contain ethoxyquin, an

artificial preservative developed by Monsanto, that has been shown to damage

the liver and kidneys and that is actually banned from use in all food for

human consumption (except spices). While pet food companies continue to

add it even to so-called “natural” products in America,68 in 2017 the European

Union suspended its use in all animal feed.69

—————

In one of my favorite songs, Peter, Paul, and Mary ask where all the flowers

have gone. The flowers have all been picked by the young girls who have laid

them at the graves of their young men. The men are also gone, soldiers who

have died in battle. Pete Seeger wrote that song, which he taped to a

microphone and sang for the first time at Oberlin College in 1955, to protest

the senseless losses that come from war.

Today we’re fighting a different kind of war. Without worms to churn

and nourish the soil and without bees and butterflies to pollinate them,



flowers cannot grow. From insects to birds to our four-legged mammalian

friends, the living world is suffering from environmental pollutants. From

increased virulence of fungi to the alarming collapse of some species, a

disrupted ecosystem, and poisoned waterways, it’s no exaggeration to say that

glyphosate and other human-made toxicants, if we continue to use them in

this unchecked and irresponsible way, are destroying the natural world.



— CHAPTER 3 —

Glyphosate and the Microbiome

I submit to you that in any disease that has an immune component—

whether it’s Alzheimer’s, Parkinson’s, autism, atherosclerosis, obesity,

diabetes and any disease that you are seeing in your clinics with an

immune component—the microbiome is having some effect.

—JAMES T. ROSENBAUM, MD,

Oregon Health Sciences University

Glyphosate is considered so safe that no US governmental agency tests for it in

food. Many homeowners use it without a second thought to control weeds in

their yards. It’s in the rain, the water supply, and the cotton in clothing, dish

cloths, tampons, and baby diapers. It aerosolizes, becoming dispersed into the

air, which means we breathe it into our lungs. And it’s present in much of

what we eat. Even if you eat an organic diet, as I mentioned earlier, it’s likely

you’re still being exposed to glyphosate.

The companies that manufacture and sell glyphosate are so powerful that

they have convinced government authorities and many research scientists that

glyphosate is so safe that they don’t even bother to investigate whether it could

be partly to blame when bees and butterflies start dying in alarming numbers.

At the same time, we all know that pollution is harming the plants and

animals we humans rely on.

When scientists look at time trends in the United States for multiple

diseases that are becoming more prevalent in the past few decades, and

compare them to the time trends for the use of glyphosate over the same time

period, they find stunning correlations between the rise in glyphosate use and



the rise in Alzheimer’s disease, autism, diabetes, inflammatory bowel disease,

kidney disease, liver disease, obesity, pancreatic cancer, and thyroid cancer.1

Some dismiss the results of this research with the claim that “correlation

does not equal causation.” Fair enough. But consider this: A p-value is a

mathematical measure of the probability that a correlation between two

curves could have occurred by chance. A p-value of 0.05 is considered

significant. As Nancy Swanson and her team of scientists explain, “When

correlation coefficients of over 0.95 (with p-value significance levels less than

0.00001) are calculated for a list of diseases that can be directly linked to

glyphosate, via its known biological effects, it would be imprudent not to

consider causation as a plausible explanation” [my emphasis].2 If exposure to

glyphosate is indeed causing the decline in human health in industrialized

countries, as I believe it is, we need to ask ourselves how.

Disrupting a Microbial Pathway

Glyphosate’s effect on plants is to disrupt the shikimate pathway, a metabolic

pathway that plants use to produce the aromatic amino acids tryptophan,

tyrosine, and phenylalanine, which are the precursors to proteins, vitamins,

and other kinds of bioactive substances such as pigments, hormones, and

neurotransmitters. When glyphosate disrupts the shikimate pathway, it kills

the plants. This makes glyphosate an extremely effective herbicide. How other

organisms are affected by disruption of the shikimate pathway is a subject of

contentious debate.

Monsanto researchers and other industry-funded scientists posit that,

because the shikimate pathway does not exist in human cells, glyphosate

doesn’t pose a risk for us. As you now know, however, many of the microbes in

our bodies do possess the shikimate pathway. Not all bacteria are equally

sensitive to glyphosate. A study by researchers in Finland used a

bioinformatics approach to predict which microbial species in the gut would

be sensitive to glyphosate toxicity. They found that 54 percent of the species

found in the gut carry a glyphosate-susceptible version of EPSP synthase.3 So

while humans can derive these three aromatic amino acids from diet, the

bigger issue is this: glyphosate kills anything that possesses the shikimate

pathway, and that includes much of our microbiome—microbes we rely on for



providing us with nutrients, aiding digestion, maintaining a healthy gut

barrier, and promoting the development of a healthy immune system.

For example, a genomic assessment of the human microbiota

demonstrates that microorganisms collaborate to produce the B vitamins:

thiamine (B1), riboflavin (B2), niacin (B3), pantothenate (B5), pyridoxine (B6),

biotin (B7), folate (B9), and cobalamin (B12). It further reveals that these B

vitamins made inside the body significantly augment B vitamins supplied from

food. Our human cells are unable to produce these vitamins. But, collectively,

our microbial hitchhikers contain a large number of enzymes that specialize in

various steps in the synthesis of these essential nutrients, and many of these

microbes are dependent on a working shikimate pathway.4

In plants, fungi, and bacteria, glyphosate’s attack on the shikimate

pathway is mainly localized to an enzyme called EPSP synthase. A synthase is

an enzyme that links together two molecules to make a third molecule, its

product. In the case of EPSP synthase, the two molecules are

phosphoenolpyruvate (PEP) and shikimate 3 phosphate (S3P). EPSP synthase

pries a phosphate loose from PEP, and this creates energy that allows it to

“sew” the remaining piece together with S3P to create 5-

enolpyruvylshikimate-3-phosphate (EPSP). The phosphate is important,

because it’s the breaking of the high-energy phosphate bond that energizes

the reaction. And, as we will see later, glyphosate interferes with the binding

of EPSP synthase to PEP at the phosphate site.

EPSP is an intermediary in the shikimate pathway, not the end result.

EPSP is further processed by other enzymes to achieve the primary goal of the

pathway, which is production of the three aromatic amino acids: tryptophan,

tyrosine, and phenylalanine. Human cells do not have any of the enzymes of

the shikimate pathway, including EPSP synthase. For this reason, our body

depends on our food sources and on our gut microbes to produce these amino

acids for us. This is why they’re called essential amino acids. These amino acids

are not only essential for building proteins. They are also the building blocks

of many other molecules that play a critical role in our biology, including

many of the B vitamins; the neurotransmitters serotonin, melatonin,

dopamine, and epinephrine; thyroid hormone; and the skin-tanning agent

melanin.



Glyphosate has been shown experimentally to block PEP from binding to

EPSP synthase, specifically by getting in the way of the phosphate attached to

PEP. For the moment, I want you only to be aware of this phenomenon. We

will return to it in chapters 4 and 5, because it has enormous significance in

predicting which other enzymes would be affected by glyphosate through an

analogous mechanism.

Teeming with Nonhuman Life

We think of ourselves as humans, which we are. But each of us is teeming

with nonhuman life, microscopic organisms that live on us and inside us.

Scientists are beginning to understand that this microbiome, as our nonhuman

cohabitants are collectively called, plays a seminal role in human health. The

gut microbiome is a teeming collection of trillions of bacteria, viruses, and

fungi that have made the human gut their home. Their relationship with us

humans is largely symbiotic: They perform many functions for us, producing

all sorts of biologically useful molecules that the host cells are unable to

synthesize on their own. There are estimated to be 1014 microbes residing in

the human gut alone. While it has been widely reported that microbial cells

outnumber human cells by a factor of 10, careful analysis suggests that they

may match our own cells “only” one-to-one.5 Nonetheless, it is undisputed

that their collective genome carries more DNA code than ours by a factor of at

least 100.6

For most of the last century, the gut microbiome was pretty much

ignored in research on the human body. I suspect this is partly because it was

functioning well. We did not notice all the things the microbes were doing for

us because we did not need to. This is no longer the case. From colicky babies

who are unable to digest their food to my friend’s 27-year-old sister who

cannot eat anything without getting a stomach ache, our guts are more

inflamed and we are in more pain than ever before.

When we disrupt the gut we also risk disrupting the brain. Scientists now

understand that the gut and the brain are in close communication. The

signaling that takes place between the gastrointestinal tract and the central

nervous system is called the gut-brain axis. Communication happens via the

lymph system, via the blood circulation, and via the vagus nerve.7 A lot of this



communication involves signals released by the microbes in the gut.8 This is

why several of our modern diseases are now believed to have their origins in

the gut, including Alzheimer’s disease, amyotrophic lateral sclerosis (ALS),

autism, depression, Parkinson’s disease, and rheumatoid arthritis, among

others.

Gut microbes are essential for promoting the generation of neurons in

the hippocampus, which plays a central role in brain development, or

neurogenesis. Antibiotics can have a profoundly negative effect on this process.

In a study on mice, antibiotic treatment led to a reduced number of

monocytes, a type of immune cell, in the brain. Intragastric treatment of mice

with antibiotics caused clear deficits in brain function, most especially in the

ability to recognize novel objects when they are reintroduced, and it was

associated with particular changes in neurochemical brain activity. The

researchers proposed that the cognitive impairment was specifically caused by

gut dysbiosis.9 These results are disturbing: They suggest that antibiotics can

damage the brain.10

Each person’s microbiome is unique, with many different species

coinhabiting the gut in a symbiotic relationship with one another as well as

with us. Which species take hold depends in part on the microbiome of the

mother at the time a child is born. We know that C-section birth can disrupt

the microbiome, leading to microbes in the child’s gut that more closely

resemble the species that normally inhabit the skin. This can set up the child

for a rough start in terms of achieving a proper balance in the gut.11 We also

know that breast milk nourishes the Lactobacillus species that normally thrive

in the infant gut. In particular, Lactobacillus casei feasts on the lactose in milk.12

These are more than just “friendly” bacteria. These are symbionts that play an

essential role in digesting our food, protecting us from disease, and keeping us

healthy. When a baby starts eating solid foods, the microbiome changes

dramatically to accommodate the rich variety of nutrients in the newly

introduced foods.

The majority of children with compromised brain function, including

autism and autism-like disorders, suffer from gut problems.13 An

inflammatory gut and a leaky gut barrier allow pathogens and toxic microbial

metabolites to enter general circulation, which can cause a systemic



inflammatory response, including inflammation in the brain.14 Chronic low-

grade encephalopathy, or inflammation of the brain, is also associated with

mood disorders and cognitive problems.

For example, scientists have found that children with autism have more

Clostridia in their gut, as well as different strains of Clostridia, than children

without autism.15 There’s also a strong association between certain toxic

metabolites produced by Clostridia and encephalopathy. Clostridia are less

sensitive to glyphosate than other gut microbes like Lactobacillus and

Bifidobacteria, leading some scientists, including me, to postulate that

glyphosate is causing a microbial imbalance leading to the production of toxic

metabolites that contribute to brain damage.

We can actually induce brain damage in animals through a process called

maternal immune activation.16 In 2013, scientists found that maternal immune

activation during pregnancy was associated with behaviors characteristic of

autism in the offspring. The distribution of gut microbes in the brain-damaged

mice was also striking: These mice were deficient in Bacteroides fragilis but

replete with Clostridia species that were producing a metabolite called 4-

ethylphenylsulfate (4EPS). The 4EPS metabolite was found to be 46-fold

higher in the autistic mice than in controls. This metabolite is similar to p-

cresol, which is known to be elevated in humans with autism.17

Treatment of the mice with a probiotic enriched in B. fragilis led to

improvements in autistic symptoms, reduced expressions of anxiety, and

produced drops in 4EPS blood levels. At the same time—and this is an

astonishing finding—the scientists were able to induce anxiety in control mice,

simply by exposing them to 4EPS. Brain health and immune system health are

intricately intertwined. An unhealthy gut microbiome compromises both.

Remarkably, the species B. fragilis, the deficiency of which is tied to autism, has

also been shown to protect the host from viral infections.18

We know, without doubt, that a healthy gut microbiome—in both

humans and mice—during the first few weeks of life is crucial for brain health.

Mice with unhealthy microbiomes have a more acute stress response than

normal mice. They show increased elevation of plasma adrenocorticotropic

hormone (ACTH) and corticosterone, both indicators of stress. But when the

guts of these mice are reconstituted with Bifidobacterium infantis early on, their



exaggerated stress response disappears. If improving their unhealthy microbial

balance is delayed to a later stage in development, brain problems remain.19

A Barrier Easily Breached

A crucial aspect of both gut health and blood health is the balance of acidic

and basic influences on the pH. The term pH is used in chemistry to

characterize the prevalence of protons (H+) and hydroxyl ions (OH−). A pH of

0 is strongly acidic (many protons). A pH of 14 is strongly basic (many

hydroxyls). Measurements of pH are made in a range from 0 to 14, so a pH of

7 is exactly neutral, with equal numbers of protons and hydroxyl ions. The

human body has complex mechanisms to maintain the proper pH of the blood

and of the gut lumen. Blood is normally slightly basic, with a pH of 7.3–7.4.

Organic molecules influence the pH of the water in the gut. For example,

acetate is acidic; ammonia is basic. If there’s too much ammonia and too little

acetate in your intestines, the pH of the gut will become higher. Changes in

pH have a complex effect on the microbial and metabolic activities in the gut.

Even as far back as the 1970s, researchers knew that acid-loving species

such as Lactobacillus and Bifidobacteria are important to a healthy gut. Long

before talking about the microbiome was in vogue, in 1973, scientists were

speculating that increasing the growth of acidophilic bacteria such as

Lactobacillus and Bifidobacteria “could depress the growth of putrefactive,

ammonia-producing organisms such as E. coli.”20 Our health improves when

we have more Lactobacillus and Bifidobacteria in our bodies, two classes of

bacteria most sensitive to glyphosate.21

There is a strong correlation between the pH of feces and the amount of

glyphosate detected in the colon.22 There is also a strong inverse correlation

between the amount of acetate in the cecum and the amount of glyphosate in

the cecum. This suggests that glyphosate interferes with microbial production

of acetate and that this may be a contributor to high pH in the gut. Glyphosate

causes the pH of the gut to go up and levels of acetate to go down, most likely

because it is disrupting the synthesis of acetic acid by gut microbes. This is

important because acetic acid is a precursor to acetyl coenzyme A, a molecule

that feeds into the citric acid cycle to generate energy for the cell.



Our bodies make specialized enzymes that help digest our food.

Glyphosate can infiltrate these digestive enzymes. So another cause of high pH

following chronic glyphosate exposure is glyphosate infiltration into digestive

enzymes. Anthony Samsel and I reported remarkably high levels of

contamination of glyphosate in the digestive enzymes trypsin, pepsin, and

lipase, sourced from pigs.23 Glyphosate may be disrupting the ability of

trypsin and pepsin to digest proteins, as well as the ability of lipase to digest

fats. With impairments in trypsin and pepsin, undigested proteins can make

their way into the colon, where they are broken down by the gut microbiome,

releasing ammonia.24 As I explained previously, ammonia is extremely basic,

which means that it drives the colonic pH way up. Acetate (acetic acid), as its

name implies, is acidic, so it lowers the pH. But acetic acid is reduced by the

influence of glyphosate.

The surface of the gastrointestinal tract is made up of a single layer of

tightly interconnected epithelial cells. These cells are covered with mucus, a

complex biological material that forms a barrier to protect cells f rom damage.

Mucus, which consists of highly sulfated glycoproteins called mucins, allows

passage of gases, nutrients, and many proteins.25 Under healthy conditions,

mucus forms an excellent barrier that keeps the surface layer of cells safe from

attack by any potentially damaging products in the intestines. The mucins in

the colon are especially dense in sulfate, which is thought to protect them

from degradation.26

A major component of human breast milk is a complex glycoprotein rich

in sulfated mucins, including heparan sulfate, chondroitin sulfate, and

dermatan sulfate.27 These glycoproteins, collectively called oligosaccharides,

contain large amounts of complex sugars that human cells can’t metabolize.

Bifidobacteria, and especially Bifidobacterium infantis, specialize in metabolizing

the sulfated mucins found in human milk. Once detached from the parent

protein, sulfated mucins become available to bind to the infant gut wall and

help maintain a healthy gut barrier. B. infantis metabolizes the complex sugars

in the oligosaccharides into lactate and acetate, and, in doing so, lowers the pH

of the gut.

In 2018, a team of scientists examined trends over time of the pH of the

infant gut, going back to the 1920s.28 The researchers’ working hypothesis was



that something in the modern environment was causing Bifidobacteria to

become less able to dominate the infant gut microbiome, particularly in

wealthier countries. In 2021 scientists revealed that B. infantis strains with a

complete capacity to metabolize milk oligosaccharides are now exceptionally

rare in the guts of infants in the United States.29 In 1913, the infant gut was an

“almost pure culture” of Bifidobacterium.30 Today, studies have found that the

microbial mix in the infant gut is much more diverse and that infants excrete

undigested human milk oligosaccharides in their feces in large amounts.31 Prior

to 1980, studies showed a fecal pH that was less than 5.5, whereas after 1980

the pH had a value greater than 5.5, with the highest values (up to 6.5)

appearing after 2000. Scientists hypothesize that this pH change is due to a

dramatic reduction in Bifidobacteria species in the human gut in recent

decades.

Glyphosate was introduced into the food chain in 1975, and genetically

engineered Roundup Ready crops were introduced in the mid-1990s.

Bifidobacteria are among the most sensitive to glyphosate of all microbes that

have been studied.32 Scientists have found that maternal glyphosate exposure

is associated with reduced Bifidobacteria in the milk as well as with increased

risk of premature and difficult birth.33 A study on pregnant women in Indiana

found an association between premature birth and glyphosate levels in the

urine.34 Loss of B. infantis in breastfed infants leads to chronic enteric

inflammation during a critically important immunological training window.35

The increase in C-section deliveries, the increased use of antibiotics, as well as

the increased practice of formula-feeding also contribute to the loss of

Bifidobacteria.36

Humans are caught in a vicious cycle. Most infant formula is

contaminated with glyphosate. Soy formula from Brazil was found to have

levels of glyphosate up to 1,000 parts per billion.37 Exposure to glyphosate

from soy formula reduces the presence of Bifidobacteria and interferes with the

process by which these bacteria maintain a healthy gut pH and a healthy

recycling of mucins lining the gut barrier, as well as a steady supply of acetate

to fuel the mitochondrial production of energy in the form of adenosine

triphosphate (ATP). Many proteins rely on the last phosphate in ATP to

generate usable energy to support enzymatic reactions, muscle contraction,



ion transport, and other activities. Feeding soy formula to an infant is a triple

whammy: The soy itself is an endocrine disruptor, the formula does not

contain breast milk’s rich glycoproteins that maintain healthy mucins and

support the growth of B. infantis, and the glyphosate in the soy disrupts the

microbiome, further weakening its protective barrier.

Bacteria Fight Back: Microbial Strategies to Resist Glyphosate

One factor that influences the balance and health of the microbiome is the

degree to which different species of bacteria can protect themselves from

glyphosate. Bacteria have developed several clever strategies for acquiring

resistance to glyphosate. Some are naturally resistant. Their version of EPSP

synthase is not adversely affected by glyphosate. For example, Staphylococcus

aureus (MRSA), which has become a widespread problem in hospitals,

possesses a form of EPSP synthase that is insensitive to glyphosate.38 Other

species with a more sensitive version of EPSP synthase have evolved to vastly

overproduce EPSP synthase in order to compensate for its low activity. Other

bacteria are even able to break down glyphosate through specialized enzymes

and use it as a source of nutrients.

Another strategy bacteria use is to modify genes that carry glyphosate

into the cell to prevent the glyphosate from gaining entry. It appears that

glyphosate can gain entry into cells by hitching a ride on a protein that carries

the amino acid glutamate into the cell. Curiously, the soil bacterium Bacillus

subtilis has evolved with a mutated and dysfunctional form of the gene that

codes for the protein that imports glutamate. This blocks glyphosate uptake

by the cell.39 This finding suggests that glyphosate can enter cells along

glutamate transport channels. Glutamate and glyphosate are about the same

size, and both molecules are negatively charged amino acids.

Other microbes have developed resistance by perfecting genes that can

metabolize glyphosate. This is an “ideal” solution from the microbe’s

perspective, because it destroys the glyphosate in the process. For example, a

strain of the infection-causing bacteria Pseudomonas is among the very few

known species that can fully metabolize glyphosate. This could be a factor in

Pseudomonas aeruginosa’s emergence as a major problem in hospitals.40 On the

other hand, a microbe that can metabolize glyphosate may well benefit its



host by clearing glyphosate from the body. We simply don’t know. We don’t

understand enough about the implications of tinkering with biological

systems in this way.

Powerful Pathogens

Antibiotics such as penicillin have been a boon over the past century in curing

infections that were once untreatable. In 1939, Dr. Ernst Chain, a German-

born British chemist, injected eight mice with a virulent strain of Streptococcus.

He then injected four of the mice with penicillin and left four without

treatment. In the morning the treated mice were alive, and the others were all

dead. It’s no wonder that Dr. Chain and generations of people to follow hailed

penicillin as a miracle.41

Unfortunately, this miracle has also led to an unexpected problem. In the

past few decades, powerful pathogenic bacteria that are resistant to antibiotics

have become a looming threat. These include multidrug-resistant Pseudomonas

aeruginosa, drug-resistant Salmonella, methicillin-resistant Staphylococcus aureus

(MRSA), drug-resistant Streptococcus pneumoniae, and vancomycin-resistant

Enterococcus, among many others.42 Antibiotic resistance is a global concern,

one that has already given rise to lethal untreatable infections and is predicted

to give rise to many more.

Scientists have learned that chronic exposure to one antibiotic can allow

pathogens to develop broad resistance to others. Remember: Glyphosate is an

antibiotic. It was patented by Monsanto in 2010 for use as an antibiotic to

control microbial infections. When we are chronically exposed to glyphosate

in our food and water, it is like taking low doses of antibiotics over an

extended period of time. While glyphosate improves the effectiveness of some

antibiotics, it has the opposite effect for others. In particular, glyphosate

reduces the responsiveness of both Escherichia coli and Salmonella typhimurium to

ciprofloxacin (Cipro) and kanamycin, two commonly used antibiotics.43 The

effects of concurrent exposure to low-dose glyphosate on various antibiotics

can be catastrophic.

In 2019, an international team of scientists discovered that antibiotics

interfere with a signaling mechanism in the lungs that launches the first



immune response to flu infection.44 Mice given antibiotics have a worse

outcome when infected with the influenza virus. However, and this is

significant, a fecal transplant from a mouse that has not been exposed to

antibiotics restores gut health and increases lung resilience against the flu in a

mouse that has been infected with the influenza virus. This finding aligns with

the study mentioned earlier that showed that Bacteroides fragilis protects the

host from viral infections.

What does this mean? Chronic exposure to glyphosate, an antibiotic,

may make humans more susceptible to the flu and other respiratory

infections, including COVID-19.

Bowels on Fire

Gut microbes in the colon break down complex carbohydrates that escape

digestion in the middle intestine. These carbohydrates are known as

prebiotics, and bacteria convert them into short chain fatty acids, primarily

acetate, propionate, and butyrate. The balance among these three fatty acids

has important implications for gut health, and is strongly influenced by the pH

of the gut.45 In particular, butyrate is important for maintaining a healthy gut

barrier, since it is a major nutrient for the epithelial cells (called colonocytes)

that line the surface of the colon. It’s worth noting here that researchers have

been able to induce autism-like behaviors in mice by exposing them to excess

propionate.46 (I return to the subject of propionate and its relationship to

autism in chapter 9.)

A study of gut bacteria under controlled pH conditions revealed a

remarkable pattern consistent with glyphosate’s effects on pH and microbial

populations.47 A low pH of 5.5 favors butyrate production, which was fourfold

higher at pH 5.5 than at pH 6.5.48 Glyphosate, by increasing the gut’s pH,

reduces butyrate. This study found that certain pathogenic strains of

Bacteroides increased at higher pH, representing a whopping 78 percent of

bacteria present. Crohn’s disease, a painful inflammatory bowel condition

often diagnosed in people under 35, is linked to an increase in Bacteroides and a

decrease in colonic butyrate.49 Symptoms of Crohn’s include abdominal pain,

severe diarrhea, fatigue, weight loss, and malnutrition. Inflammatory bowel



disease is one of the diseases rising in prevalence in the United States, in

lockstep with the rise in glyphosate usage on core crops.

Bowels on Bloat

The suffering of a 71-year-old man with a long history of Crohn’s disease

shows the escalating issues caused by decades-long exposure to glyphosate.50

This man, the subject of a 2016 case study, was surgically treated for rectal

cancer in 1987. He began to develop recurrent bowel obstructions in 2012 that

were associated with inflammation in his small intestine, as well as diarrhea

and bloating caused by small intestinal bacterial overgrowth (SIBO). SIBO can

arise when a shortened or damaged bowel causes impaired nutrient uptake,

such that nutrients linger in the gut, which then supports pathogenic bacterial

overgrowth.

Throughout 2013 and 2014, the man took repeated courses of antibiotics

to keep the bacterial overgrowth in check. Unfortunately, the reduction in

bacterial species provides opportunistic space for yeast, such as Candida. The

man continued to lose weight, so in an attempt to stop the weight loss, he

decided to eat more sugar. He started consuming six to eight colas a day, as

well as many sugary snacks. Recurrent diarrhea prompted him to resume

antibiotic treatments.

The poor man began to experience brain fog and difficulty walking. His

wife noticed slurred speech. He fell while showering. But when she rushed

him to the hospital, the emergency room doctors couldn’t find anything

wrong. They sent him home where his symptoms worsened. The next day he

returned to the ER. This time, tests revealed that his blood ethanol level was

234 milligrams per deciliter (greater than 80 is considered “driving under the

influence,” and greater than 300–400 is potentially fatal). Yet he had not

consumed any alcohol for over 30 years!

The explanation for this surprising scenario is that the antibiotics were

killing off the man’s gut bacteria, permitting an overgrowth of yeast,

particularly Candida, which was further fueled by his high sugar intake. The

yeast were then fermenting the sugar to alcohol! Such a phenomenon has a

name: endogenous ethanol fermentation, also colorfully known as auto-

brewery syndrome. Auto-brewery syndrome causes many uncomfortable



symptoms: belching, chronic fatigue, disorientation, dizziness, dry mouth,

hangovers, and irritable bowel syndrome. It can also lead to anxiety,

depression, and reduced productivity.51 While this man’s case was dramatic,

many people today are unknowingly suffering from similar but milder

versions of the same syndrome. It’s a vicious and debilitating cycle:

Inflammation promotes colonization by Candida, which delays healing of

inflammatory lesions. Studies indicate that 37 to 86 percent of patients with

Crohn’s disease, ulcerative colitis, and gastric and duodenal ulcers suffer from

an overgrowth of Candida.52 We have an epidemic today in candidiasis, which

is an overgrowth of Candida species in the gut and elsewhere in the body.53

As I mentioned in chapter 2, we’ve also seen a dramatic increase in

multiple-cause mortality due to fungal infections: from 1,557 deaths in 1980 to

6,534 deaths in 1997.54 These deaths are caused by Candida, Aspergillus, and

Cryptococcus, and other fungal species. The number of cases of sepsis caused by

fungi in the United States increased by 207 percent between 1979 and 2000.55

Glyphosate is never seen as the main cause of digestive disorders. Instead,

doctors tell their patients that their disease is of “unknown origin.” But even if

the proximate origin is a mystery, the underlying origin seems quite clear: In

the war on weeds, our gut microbes are collateral damage.

Blocked Bowels

Along with stomach troubles and digestive difficulties, medical doctors report

that painful bowel movements and the inability to defecate are on the rise

among both children and adults. In 1989, constipation affected 2 percent of the

US population.56 Today, estimates range from 9 percent to 20 percent.57 The

number of hospital emergency room visits for constipation rose 42 percent

over just five years.58

What does glyphosate have to do with constipation? The standard

American diet is what is usually blamed: Americans don’t eat enough fiber,

which can make the bowels sluggish. And maybe you’ve heard the expression,

“Sitting is the new smoking.” We are also living more sedentary lives than ever

before; inactivity can exacerbate constipation. Anyone suffering from

constipation is told to drink more fluids, as dehydration can play a role, too.



But the herbicide residues in processed and conventionally farmed foods are

also to blame. Intestinal paralysis is one of the severe reactions to acute

glyphosate exposure.59 Chronic exposure to glyphosate will cause a similar

problem in the digestive tract, though less immediate and less severe.

Normally, most of the gut bacteria reside in the large intestine. However, with

slow movement of the contents of the gut, abundant nutrients become

available to allow microbes to flourish in the small intestine, where they

normally don’t belong, leading to SIBO.

Disrupted peristalsis leads to constipation, and, on top of that, impaired

digestive enzymes cause proteins to be metabolized into ammonia, increasing

the pH of the gut. This in turn affects the balance of short-chain fatty acids

such as acetate, propionate, and butyrate. Low butyrate starves the colonic

mucosal cells, allowing toxic metabolites produced by bacteria and fungi to

breach the leaky gut barrier and enter the general circulation.

In order to understand how harmful glyphosate is, we have to look at the

individual cells in the human body, and then at the organelles within those

cells, and finally at the molecules that pass among the cells. When we examine

the biochemistry, the blurred images come into focus. Glyphosate is hurting

our guts, preferentially killing the species of bacteria that we need the most.

These are the microorganisms that help us with everything from digesting

food to synthesizing chemicals that affect learning, memory, and mood. When

glyphosate annihilates commensal bacteria, pathogenic bacteria and

pathogenic fungi thrive.

Barren Soil

The human gut and the Earth’s soil have so much in common. Both depend

on diverse species of microorganisms to function properly. The rhizosphere

teems with bacteria, fungi, and other organisms too small to see without a

microscope. Just like gut microbes, some soil microbes are keenly sensitive to

glyphosate. For example, soybeans have a symbiotic relationship with the

nitrogen-fixing bacteria Bradyrhizobium japonicum. Unfortunately, that nitrogen

fixation depends on nickel, which glyphosate chelates, so B. Japonicum is

unable to fix nitrogen in the presence of glyphosate. When plants can’t fix

nitrogen effectively, farmers will often add more nitrogen- and phosphate-



based chemical fertilizer, running the risk that the chemical fertilizer may then

run off into water sources, depleting oxygen in lakes and streams, resulting in

eutrophication and leading to toxic algae blooms.

Even plants that have a resistant version of EPSP synthase through GMO

technology can suffer from glyphosate exposure. A 2017 study on genetically

modified glyphosate-resistant soy plants demonstrated that glyphosate

reduced nitrogen-fixing capacity in the root nodules.60 And glyphosate’s

toxicity to soil bacteria makes it harder for Roundup Ready plants to take up

manganese, even when manganese is plentiful in the soil. The roots of

glyphosate-resistant soybean and corn treated with glyphosate can also

become heavily colonized by a pathogenic fungus, Fusarium, compared to

controls.61

Disrupting the shikimate pathway in plants can also diminish their

capacity to fix carbon and reduce nutrient density. Plants absorb carbon from

the atmosphere and use it to build organic compounds.62 Under normal

conditions, as much as 20 percent of organic compounds flow through the

shikimate pathway. When plants are under stressful conditions, such as attack

from pests or pathogens, or a drought or a heat wave, the amount of carbon

that flows through the shikimate pathway increases. Many of the complex

molecules that are derived from the shikimate pathway are important for

plant defense against stressors.63 These molecules, such as the polyphenols

and flavonoids present in colorful fruits and vegetables, are also important

antioxidant defenses that benefit both the plants and the humans who

consume them. When we disrupt a plant’s ability to make antioxidant

defenses for itself, we also disrupt its ability to provide antioxidant defenses to

us. Research has shown that glyphosate significantly alters the content of foods

derived from exposed plants. Other aspects of plant metabolism are also

disrupted by glyphosate. For example, mung beans, a staple in Southeast Asian

and Indian cooking, show evidence of disrupted enzymes, DNA damage, and a

significant decrease in protein content when treated with glyphosate.64 Plant

photosynthesis is also affected negatively by glyphosate. Roundup Ready

soybeans experience yellowing (chlorosis) from glyphosate, caused by

impaired photosynthesis because glyphosate disrupts the synthesis of

chlorophyll.65



Lessons from Karelia

The northern European region of Karelia was a province of Finland until 1939,

when the eastern part of it was ceded to Russia. This bitter cold land of dense

taiga, large lakes, and ancient volcanoes represents an incredible opportunity

for scientists to study lifestyle factors influencing chronic disease. In Finnish

Karelia there is a two- to sixfold higher incidence of allergies and a five- to

sixfold higher incidence of type 1 diabetes and other autoimmune disorders

compared to Russian Karelia.66 Researchers have long tried to figure out why.

Anyone who has heard of the hygiene hypothesis might think they know

the answer. In wealthy countries, we may be inadvertently nurturing

autoimmune conditions by being “too clean.” Our bodies need exposure to

microbes in order to train our immune systems. Water treatment,

pasteurization, food sterilization and radiation, antibiotics, vaccines, and

decreased exposure to soil—all of these things are associated with “developed”

societies and may help explain why Finnish children are less healthy than

Russian children.

But there is something else. Finnish children who become diabetic have

an overgrowth of Bacteroides dorei in their guts.67 At the same time, only 10

percent of Finnish infants have the beneficial bacteria Bifidobacteria longum

infantis. Russian babies, by comparison, maintain this important and beneficial

strain at high levels throughout infancy.68 Lack of Bifidobacteria and the

associated elevated fecal pH promote inflammation-favoring bacteria and gut

dysbiosis.69 Remember that Bifidobacteria are vulnerable to glyphosate

exposure, and that glyphosate is associated with elevated gut pH.

Finnish children are more exposed to glyphosate than their Russian

counterparts on the other side of the border, and they have been for years. The

use of glyphosate in agriculture, particularly cereal crops, has increased

significantly in Finland since 1999. Since 2001, the Finnish government has

subsidized farmers for no-till agricultural practices, in order to minimize

phosphate run-off into marine waters.70 While organic no-till practices can be

excellent for ecosystems, glyphosate-based chemical no-till is not.

While Finnish children eat glyphosate-contaminated foods, Russian

president Vladimir Putin has been enthusiastic about turning Russia into the

organic food capital of the world.71 Since 2015, Russia has refused to plant



GMO crops, and since June of 2016 there has been a near total ban on the use

of genetically modified plants in Russian agriculture. It is also illegal to import

genetically modified food from abroad. With rich soil that hasn’t been ruined

by industrial chemicals, Russia has resisted an agrochemical approach to food

production. With less exposure to glyphosate in their food, water, and

clothing, is it any wonder the children in Russian Karelia are healthier than

their Finnish counterparts?



— CHAPTER 4 —

Amino Acid Analogue

Men occasionally stumble over the truth, but most of them pick themselves

up and hurry off as if nothing happened.

—WINSTON CHURCHILL

There is an insidious mechanism by which glyphosate is likely causing damage

throughout the body, slowly over time. This mechanism explains the alarming

rise in various metabolic, neurological, autoimmune, and oncological diseases

among exposed humans, and may also account for the extreme distress among

many other species, such as monarch butterflies, amphibians, honeybees, and

sea coral when they’re exposed to glyphosate. If Anthony Samsel and I are

right, the consequences are stunning, and we should all be very worried about

the future of life on this planet.

Glyphosate is special. Researchers have tried hard, and failed, to find

another molecule that similarly suppresses the enzyme EPSP synthase in the

shikimate pathway. In fact, Monsanto researchers were surprised to discover

that if they replaced the nitrogen atom in glyphosate—remember, glyphosate

is C3H8NO5P—with oxygen or sulfur, the resulting molecule did nothing to

suppress EPSP synthase, despite being almost identical in shape and size to

glyphosate.1

Researchers have tested over a thousand other molecules that appear to

be similar to glyphosate in shape and biophysical properties, but none come

close to suppressing EPSP synthase in the shikimate pathway as well as

glyphosate.2 Why did these other chemicals fail? I suspect it is because they are

not analogues of the amino acid glycine. As I’ll show you, glyphosate can



potentially replace glycine in many crucial proteins and shut down their

function, and this is what, in my opinion, accounts to a large degree for why

glyphosate exposure is contributing to the rise in many diverse diseases.

Protein Primer

Proteins are the workhorses of the body. They perform many different

functions: as enzymes that catalyze various reactions; as ion channels that

allow minerals such as calcium and potassium to pass through membranes;

and as the receptors that respond to signaling molecules such as hormones.

Proteins can also be hormones or signaling molecules themselves, such as

insulin, which induces glucose uptake by the cells; and enkephalin, a natural

endogenous opioid. Other proteins such as collagen provide tensile strength

and elasticity to our joints, serving a structural role. Proteins form a big part of

hair, nails, skin, and bones.

How are proteins synthesized? They’re assembled from amino acids, like

beads on a string, following a pattern laid out by DNA. There are only 20

unique coding amino acids (see table A.1 on page 186). Glycine—C2H5NO2—

is one of them. In fact, glycine is the smallest, simplest amino acid. All amino

acids possess a central (or alpha) carbon, an amino group, a carboxyl group, a

hydrogen, and an R group. What distinguishes amino acids from each other is

the R groups, which are extra pieces, or “side chains,” which help amino acids

execute the various functions of each protein. Glycine, which has just a single

hydrogen atom as its side chain, is often present in situations where a protein

requires flexibility, such as an ion channel that needs to open and close like a

gate. Glycine, due to its small size, is also useful at a site where the protein

binds to a bulky substrate.

Each code from the DNA is made up of a three-letter sequence taken

from among the four nucleotide options: adenine (A), guanine (G), cytosine

(C), and thymine (T). There are 64 possible ways to arrange the letters (AAA,

AAG, AAC, AAT, AGA, AGG, etc.), but only 20 coding amino acids. That

means each amino acid has multiple possible codes. All codes for glycine start

with two guanines and can be represented as “GGX,” where “X” is a

“wildcard” that stands for any nucleotide. So GGA, GGG, GGC, and GGT all

code for glycine.



Each amino acid has its own specialized enzyme called transfer RNA

(tRNA) synthetase that “looks up” each three-letter combination to find which

amino acid comes next in the chain. When the DNA code calls for glycine, the

glycine-specific tRNA synthetase matches glycine because it has one segment

that fits like a key in a lock and another segment that shapes into a pocket

where a glycine molecule fits snugly. This is how the cell matches the glycine

code to the glycine molecule it needs. The closer the shape matches, the

better. If there’s no room for a side chain bigger than a hydrogen atom, the

tRNA synthetase cannot pick up the wrong amino acid by mistake. But in

order to connect the glycine to the preceding amino acid, the glycine’s

nitrogen atom must be outside the enzyme’s pocket. It cannot be hiding inside

it. And this has important implications for glyphosate.

Glyphosate, like glycine, has only a hydrogen atom as its side chain, so it

also fits perfectly into the pocket that’s looking for glycine. But glyphosate also

has extra material attached to its nitrogen atom. (This extra material is not

technically a side chain because it’s not attached at the alpha carbon, where

side chains attach.) The bulkiness of this extra material may in some cases,

depending on the neighboring amino acids, prevent glyphosate from

substituting, but it does not prevent glyphosate from fitting into the pocket.

The glycine residues most vulnerable to glyphosate substitution are those

with small amino acids to the left, such as glycine itself, alanine, proline, and

serine. (Residues are what’s left over when two or more amino acids combine

into proteins, or smaller chains, called peptides.) Remember that glyphosate

kills plants by interrupting the action of the enzyme EPSP synthase. EPSP

synthase usually has a glycine residue preceded by an alanine at the site where

glyphosate disrupts it. Some organisms have a version of EPSP synthase with

alanine instead of glycine, and these organisms are all unaffected by

glyphosate. Many of the pathogenic bacteria and fungi that flourish in the gut

are protected from glyphosate because of the replacement of glycine with

alanine. Other organisms have evolved to protect themselves by exchanging a

neighboring amino acid for a bulkier one, crowding out the glyphosate

molecule and interfering with its substitution for glycine; these organisms are

also insensitive to glyphosate.



Directed Evolution?

Statistical studies on genetic mutations in humans have revealed that certain

amino acids are more vulnerable to a change in the DNA code that causes it to

get replaced by a different amino acid (aka substitution error) than others. The

amino acid arginine is the most vulnerable to substitution. The DNA codes for

arginine are CGT, CGC, CGA, CGG, and AGA. You may notice that four of

these contain the nucleotide pair “CG.” The CG pair mutates more readily

than other codes. In fact, CG → TG or CG → CA substitutions are at least 13

times more likely to occur than any other substitution. This explains why

arginine is more vulnerable to substitution error than other amino acids: Four

out of its five codes contain the CG sequence.3

After arginine, glycine is the second most commonly mutated amino

acid. We also know that these mutations occur most often when there is

another glycine to the left of the mutated glycine: GG sequences.4 But

researchers aren’t sure why glycine mutates at such a high rate. They also

don’t understand why a glycine with glycine as its left neighbor is especially

vulnerable. I propose that the second glycine in a GG sequence is an ideal spot

for glyphosate to swap in. As the smallest, simplest amino acid with only a

single hydrogen atom as its side chain, glycine leaves the most room “next

door” for the added bulk of glyphosate’s extra methylphosphonyl group,

which is attached to its nitrogen atom.

This phenomenon has implications far beyond glyphosate. It suggests

there is a biological mechanism in place to detect stressors on certain peptide

sequences and to impose pressure to alter them. Disease-causing genetic

mutations may actually be indicators of areas of stress. Exactly how an

organism could increase mutational pressure on a specific stressed location in

a peptide sequence is unclear, but it seems likely it is happening. Why it’s

happening is an equally important question.

While students are commonly taught that genetic mutations leading to

evolutionary change are random, complete randomness makes little biological

or evolutionary sense. If biological mechanisms could detect which specific

proteins, and which specific regions within those proteins, are the most

stressed, evolutionary strategies targeting those stressed regions would be an

efficient route for adaptation to environmental change. This hypothetical



mechanism might not be “smart” enough to select the best changes, in which

case some mutations would be bad choices and the modified organism would

fail to thrive. Classic Darwinian evolution, then, would play a role in weeding

out such failed modifications. My hypothesis is that, because glyphosate is

disrupting protein function by swapping in for glycine at critical places, it is

creating stress in the region around those specific susceptible glycine residues,

causing an increased mutation rate at those spots.

You may have learned about Lamarckian evolution in biology class. Jean-

Baptiste Lamarck was a French naturalist, born in 1744, who proposed that

acquired traits could be passed on to future generations. Lamarck understood

that life is not fixed. When the environment changes, organisms have to

change in order to survive. The theory of Lamarckian evolution remains

controversial and Lamarck himself tends to get a bad rap, but he may have

been onto something important. He was suggesting a phenomenon I think of

as “directed evolution,” whereby a living organism is able to recognize where

environmental stressors are causing the most damage, and then tweaks those

sections of the genome to try to find a solution. Although most altered

proteins will likely fail, sometimes there are wins, and those organisms

flourish. This is the principle of Darwin’s idea of survival of the fittest.

Interestingly, the human protein with the greatest number of disease-

causing substitution errors—called single nucleotide polymorphisms, or SNPs,

and pronounced “snips”—is glucose-6-phosphate dehydrogenase (G6PD).

G6PD is a protein that is active in red blood cells, and it is especially

susceptible to glyphosate substitution, as I will explain more fully in chapter 5.

If glyphosate continues to be a part of our environment, “successful”

organisms will be those that acquire mutations within their genomes that lose

vulnerable glycine residues and produce proteins that can still function

properly.

Other Disease-Causing Amino Acid Analogues

Protein synthesis is an error-prone process: Scientists estimate that about 15

percent of all the proteins in the body have at least one mistranslated amino

acid.5 Cells are careless during protein assembly. Efficiency is privileged over



accuracy and mistakes are weeded out later during a complex folding process

that shapes the protein in the right way (or not) to do its assigned tasks.

Sophisticated biological mechanisms determine whether a protein has

folded correctly, and whether it’s able to do its job. If it is defective, specialized

protein molecules called ubiquitin bind to the protein, tagging it the way a

forest manager might mark a diseased tree for later removal, as if to say “clear

this protein.” Other proteins that specialize in disassembly break down the

tagged protein, and the assembly process begins again, aiming for a better

product this time around.

The idea that amino acid analogues can substitute for coding amino acids

during protein synthesis and can subsequently cause disease is not disputed.

Several amino acids have natural analogues that are known to be toxic. Let me

give you a few examples.

Dysfunction of myelin basic protein is linked to multiple sclerosis, a

serious disease of the brain and spinal cord. Multiple sclerosis affects the

myelin sheaths that cover your nerve fibers to protect nerve transmission.

Proline, an amino acid critical to myelin basic protein, has a natural analogue

produced in sugar beets.6 This is why, some scientists suggest, multiple

sclerosis is more prevalent in people living close to sugar beet farms.7

Fine fescue is a hardy turfgrass that grows year round, often under

difficult conditions. Several species of fine fescue release large amounts of a

noncoding amino acid analogue of phenylalanine, known as meta-tyrosine,

into the rhizosphere. Phenylalanine induces root growth. Meta-tyrosine, on

the other hand, is toxic to cells, making it a natural herbicide that inhibits root

growth.8

Glufosinate is a naturally occurring amino acid analogue of glutamate. It

is increasingly used as an herbicide in agriculture due to the appearance of

glyphosate-resistant weeds.9

And an analogue of serine, BMAA, is produced by cyanobacteria. BMAA

is believed to cause an ALS-like disease that was an epidemic in Guam in the

years following World War II. It resulted in protein folding errors that

eventually resulted in disease, sometimes decades later.10 BMAA produced by

cyanobacteria is also believed to be responsible for the amyloid beta plaque

brain pathology found in stranded dolphins, as mentioned in chapter 2.



One more: l-canavanine, an amino acid analogue of l-arginine, is believed

to be responsible for the death of Chris McCandless, the protagonist of Jon

Krakauer’s book Into the Wild.11 L-canavanine naturally occurs in the wild

potato seeds that McCandless consumed in large quantities in the months

preceding his death.

We also know that even coding amino acids can be toxic in excess, due to

substitution for other coding amino acids. Glycine itself can be problematic

because it can substitute for alanine, the main mechanism of toxicity in

excessive glycine supplementation. High levels of homocysteine, another

amino acid, are associated with increased risk of cardiovascular disease.

Homocysteine substitutes for methionine when methionine is deficient. In

fact, this is so common that a mechanism is in place to yank the offending

homocysteine back out of the chain. This mechanism involves a conversion to

homocysteine thiolactone, an inflammatory agent and one of the strongest

predictors of cardiovascular disease.12

Evidence from the Shikimate Pathway

The most stunning evidence that glyphosate substitutes for glycine during

protein synthesis comes from the effects glyphosate has on EPSP synthase, the

enzyme in the shikimate pathway that glyphosate disrupts, which is attributed

as a primary mechanism behind its ability to kill weeds.13 Multiple studies

have been published on this topic, although scientists have been unsure of the

mechanism of its toxicity and are unable to adequately explain what they were

witnessing. A currently accepted theory of glyphosate’s disruptive mechanism

is that it competes with phosphoenolpyruvate (PEP), a substrate that normally

fits snugly into a specific pocket of EPSP synthase. In other words, glyphosate

“pretends” to be the PEP substrate, which prevents PEP from binding to EPSP

synthase.

As you know, different species of plants and microbes have different

versions of the enzyme EPSP synthase, but many of them share a particular

peptide sequence: LGNAG. The EPSP synthases of petunia, E. coli, tomato,

Arabidopsis, soybean, and corn all have this sequence. Notice that two Gs are in

this peptide sequence. “G” stands for glycine. The second glycine is

remarkable: Multiple species of plants and microbes have a version of EPSP



synthase where glycine has been replaced by alanine. These versions are

invariably associated with resistance to glyphosate.14

A team of scientists, led by Monsanto chemist and coinventor of

Roundup Ready technology, Stephen R. Padgette, PhD, was able to modify

versions of EPSP synthase in the lab by replacing this glycine residue with

alanine in their experiments.15 They used a method called site-directed

mutagenesis to change the DNA to code for alanine instead of glycine. All the

original versions they tested were sensitive to glyphosate. All the alanine-

substituted variants were resistant to it.16

These lab-created variants of the enzyme with glycine swapped out for

alanine do not bind as well to the PEP substrate because alanine has an extra

methyl group (CH3). This methyl group crowds the enclosure formed by the

protein where PEP needs to fit snugly. A different EPSP modification that

swaps out two nearby amino acids but not the second glycine is also strongly

resistant to glyphosate, but it also does not disrupt PEP binding, an ideal

situation. One of the two substitutions involves replacing the amino acid

threonine with the bulkier amino acid isoleucine, which has an extra methyl

group. This methyl group likely crowds out the glyphosate next door,

preventing it f rom substituting for glycine during protein synthesis. It would

also likely interfere with PEP binding if it weren’t for a second substitution,

where proline is swapped out for serine. This second substitution introduces

extra space in the pocket such that PEP can now fit comfortably, albeit in a

pocket that has shifted slightly from its original position.17

Curiously, when alanine is substituted for the second glycine in the

LGNAG peptide sequence, multiple other inhibitors that work by substituting

for the substrate PEP are just as effective as they were with glycine in that

place. These other inhibitors should still be able to inhibit PEP binding,

because if PEP fits, they should, too. So the big question is, why does

glyphosate get stymied by this modification when other inhibitors don’t? The

answer is that glyphosate works through an entirely different mechanism than

the others do: It substitutes for glycine within the enzyme’s peptide sequence

rather than substituting for PEP as a stand-alone molecule. Remember that

the commonly accepted explanation for glyphosate’s mechanism of toxicity is

that it “pretends” to be PEP, which prevents PEP from binding to EPSP



synthase. It’s an understandable assumption because multiple other inhibitors

work in precisely this way, but there is another difference. Glyphosate doesn’t

inhibit PEP binding to many other enzymes that use PEP as a substrate.18 This

is likely because these enzymes don’t have a glycine residue at the active site

that can be easily substituted by glyphosate. (The active site is the location on

the protein where the reaction takes place.)

Manipulating Maize

CRISPR, or Clustered Regularly Interspaced Short Palindromic Repeats, is a

powerful new gene editing technology that allows scientists to easily and

precisely edit the DNA of any genome. For the development of CRISPR, Drs.

Emmanuelle Charpentier and Jennifer Doudna were awarded the 2020 Nobel

Prize in Chemistry.

Potential applications of CRISPR are many and various. They include

correcting genetic defects, treating and preventing the spread of disease, and

improving crop resistance to herbicides, drought, and other stressors. CRISPR

is a powerful tool, but we don’t yet understand exactly how it works, or what

unintentional consequences it might provoke in a cell. Many bioethical issues

are also associated with its use.19

In 2018, researchers from DowDuPont applied CRISPR to develop crop

resistance to glyphosate.20 The DowDuPont team of 12 researchers first

examined the genetic sequence of several different versions of EPSP synthase

drawn from a variety of glyphosate resistant weeds and microbes. They

observed that the second glycine in the LGNAG peptide sequence plays a

crucial role in glyphosate susceptibility. Namely, anytime that second glycine is

replaced with something else, the enzyme is protected. The researchers then

made tweaks to the DNA code to produce seven different EPSP variants of

maize. In all seven variants they started by substituting alanine for the second

glycine in the sequence.

To fully succeed, the team had to make other modifications to the

enzyme in order to increase the size of the PEP binding site, which had shrunk

because of alanine’s extra methyl group. They found various ways to

accomplish this, modeled after successful glyphosate-resistant mutant weeds.



What this means in terms of seed development is disturbing: Chemical

companies can use CRISPR technology to create designer variants of the

plant’s original EPSP synthase in order to produce patentable glyphosate-

resistant seeds that will not be considered GMO crops by regulators (because

there was no insertion of a gene from a foreign species into the plant’s

genome). Unless we do something to prevent this, we can expect to see even

more glyphosate used on our food crops in the future.

Presciently, the DowDupont scientists explained: “All known mutations

function directly or indirectly at the contact between G101 [the second G in

GNAG, equivalent to residue 96 in E. coli] and a phosphonate oxygen of

glyphosate.”21 (Because the two proteins are not exactly the same length, the

version of the protein in the plant has the critical glycine residue displaced by

five residues compared to E. coli, f rom position 96 to 101.) These scientists

were not correct, but they were close. They refer to the “contact between” the

glycine residue at 101 and the phosphonate of glyphosate. However, the

phosphonate of glyphosate is actually part of the “glycine” molecule: glycine

has been swapped out for glyphosate. All of these mutations are crowding out

glyphosate at the time of protein assembly.

The DowDuPont scientists were especially excited about an EPSP

variant, called D2c-A5, that involved several modifications around the active

site for PEP, including a glycine-to-alanine substitution. This variant was

effective because it bound well to PEP but was completely insensitive to

glyphosate. They then did a kind of “inverse” experiment where they modified

D2c-A5 in only one way: restoring glycine where the alanine substitution had

been. Restoring glycine resulted in a near complete restoration of glyphosate

sensitivity. It also somewhat decreased the enzyme’s catalytic activity, and the

scientists proposed that this was because PEP’s binding site was now too large,

a consequence of losing alanine’s methyl group.22 This experiment clearly

shows that glyphosate exerts its effects through a mechanism other than

displacing PEP in the pocket.

A version of EPSP synthase where leucine, an essential amino acid,

replaces proline at residue 101 was discovered by scientists in 2005. These

researchers found it hard to explain how this alteration worked to suppress

glyphosate, because it did not really disrupt the site where PEP binds to EPSP

synthase. However, the researchers realized that leucine, unlike the original



proline residue, crowded the glycine at residue 96. They suggested that

somehow that might impact glyphosate more than PEP, without appreciating

that the real reason is that glyphosate displaces glycine, not PEP.23 Ominously,

this version of EPSP synthase is the natural one produced by the pathogen

Staphylococcus aureus (MRSA), which, as mentioned before, has become a

major problem in hospitals due to its multiple antibiotic resistance. This staph

bacteria’s natural resistance to glyphosate affords it an advantage that allows it

to flourish in the presence of glyphosate that kills off other bacteria.

Incorporated into Our Protein

We have been led to believe that glyphosate passes through the body quickly

and is rapidly excreted in feces and urine, without accumulating in our tissues.

But Monsanto’s own studies prove otherwise. Bluegill sunfish are spirited and

strong. A popular game fish, they fight like crazy when a fisherman hooks

them. In 1989, Monsanto researchers exposed bluegill sunfish to glyphosate

and then used carbon radiolabeling to identify how much was present in the

animals’ tissues. At first, only 17 to 20 percent of the radiolabel could be

identified as glyphosate. After the researchers used a digestive enzyme to

break down the proteins into amino acids, 70 percent of the radiolabel could

be tagged as glyphosate. The researchers concluded that the glyphosate was

initially hidden because it “was tightly associated with or incorporated into

protein”24 [emphasis added].

This conclusion should send a chill down your spine. The glyphosate had

been taken into the tissue of the bluegill and become part of it. The implication

is that glyphosate becomes part of the tissues of all the species of animals and

plants that are exposed to it. Although the incriminating results of this

research was never made available to the public, my colleague, Anthony

Samsel, obtained a copy of the unpublished study from the Environmental

Protection Agency via a Freedom of Information Act request.25

DuPont researchers have also conducted experiments with radiolabeled

glyphosate involving chickens and goats.26 Scientists found glyphosate in

tissue samples of both animals, as well as in the chickens’ eggs. As with the

bluegills, much of the glyphosate was at first hidden because it was

incorporated into the animals’ own proteins at the molecular level. It showed



up only after the proteins had been broken down into their component amino

acids, f reeing up glyphosate as a separate molecule that could now be detected

by the technology. Glyphosate wasn’t a free molecule circulating in the tissue.

It was an integral part of “Frankenstein” proteins that had replaced the

animals’ own.

Disrupted Protein Synthesis

I’m a cell and I’m busy managing my life. A lot of my life involves making

proteins. I use them for everything, including receptors, enzymes, ion

transporters, and structural support. I also make proteins that make other

proteins, and proteins whose job it is to bust open faulty proteins. Once a new

protein is made it gets folded. This puts the protein into the correct shape it

needs to do its job.

But when glyphosate, or any other amino acid analogue, starts damaging

the proteins I need, I get in trouble. As I’ve explained, protein synthesis is a

sloppy process. Proteins making other proteins are busy grabbing codes and

using them to assemble a long string of “paper dolls.” But the proteins

synthesizing other proteins are in a hurry. They don’t pay attention to the

details. Think of it as a fast and busy assembly line where everyone is in a rush.

They can easily grab glyphosate when they see the code for glycine, and they

slip it into the paper doll string by mistake.

But living beings have a way to fix these biochemical mistakes. There are

other proteins whose function is to notice when something goes wrong.

These proteins are like quality control managers on an assembly line. They

put a marker on the faulty protein to show it’s been rejected, signaling to

other proteins to pull apart the damaged goods into component amino acids.

The process of protein synthesis and protein dissolution is going on all the

time in all living beings. However, with the presence of glyphosate, you have a

lot more proteins going into the reject pile. This creates a useless and

damaging cycle because so many proteins are broken.

Cells have an instruction code, an RNA sequence, that tells them how to

manufacture a particular protein. RNA sequence analysis, a method that first

appeared in 2008, allows scientists to look collectively at protein expression. It

shows clearly how glyphosate is substituting for glycine during protein



synthesis. In 2016, a team of plant pathology and environmental scientists

analyzed the genomes of the microbes living in the root zone of plants. They

discovered many disturbances in gene expression due to glyphosate exposure.

Among many other observed alterations, there was a big increase in synthesis

of proteins that are needed to synthesize more proteins. And there was also an

increase in proteins that break proteins apart into component amino acids.27

Proteins involved in both protein synthesis and protein degradation are

disrupted in response to glyphosate. Why would this be? Because, when

glyphosate gets incorporated into proteins, it often makes them dysfunctional,

in plants as well as in animals, and presumably also in humans. In order to

replace the defective proteins, the living organism must first disassemble the

faulty proteins and then synthesize fresh versions from the liberated

component amino acids in a renewed attempt to get it right.

Scientific Pushback against an Inconvenient Truth

Some biochemists reject the idea that glyphosate substitutes for glycine during

protein synthesis. In 2019, a team of London-based researchers claimed to

prove that glyphosate does no such thing. These scientists exposed human

breast cancer cells to glyphosate for 6 days. They then used a sophisticated

technique called tandem mass tag labeling to identify short chains of amino

acids purportedly containing anomalously heavy glycine molecules. The

proteins were put through a mass spectrometry analysis to detect these

unusually heavy proteins.28

The scientists tested the samples for two distinct modifications:

glyoxylate-modified cysteine as well as glyphosate substitution for glycine.

They were looking for glyoxylate modification, because they hypothesized

that glyphosate might get broken down to glyoxylate, which is capable of

binding to cysteine residues. No glyoxylate-modified cysteines were detected

in either the control or the treatment group. In contrast, the researchers found

a substantial signal for glyphosate presence in several short peptides in the

treated samples … but they also found an equally strong signal in the

untreated samples!

There were several missteps with this experiment, problems so

pronounced that, in my view, they invalidate the study’s conclusions. Both the



exposed and unexposed breast cancer cells were maintained on an enriched

nutritional formulation, Dulbecco’s Modified Eagle Medium, which contains

amino acids and vitamins and has a high concentration of glucose. The

medium itself may have been contaminated with glyphosate. Since the

scientists didn’t test it, there was no way to tell. Another misstep: Cells were

supplied with blood drawn from fetal bovine serum, also untested for

glyphosate contamination. Glyphosate has been found in cows’ organs and

tissues and has been detected in human umbilical cord blood, as well.29 Finally,

the experiments were conducted on a highly aggressive human breast cancer

cell line called MDA-MB-231, derived from a tumor in a 51-year-old woman in

the 1970s.30 The cells have been maintained in culture since they were

harvested, and they have probably been chronically exposed to glyphosate for

decades. They could have accumulated substantial numbers of misfolded

glyphosate-contaminated proteins before the experiment even began, which

could have then been recycled … into newly contaminated proteins.

So when these scientists stated that “the data conclusively shows that all

candidate substituted peptides are false discoveries,” I would argue they are

wrong.31 It’s more likely that all candidate substituted peptides were true

discoveries, because both the treatment and the control group had been

exposed to glyphosate prior to and during the experiment, allowing both the

treatment group and control group to accumulate misfolded glyphosate-

contaminated proteins in near equal amounts.

It’s worth noting that 10 out of the 15 short peptides had a small amino

acid immediately to the left of the substituted glyphosate molecule. As I have

mentioned, this offers an ideal opportunity for glyphosate to fit its extra

methylphosphonyl group into the protein structure. For context, 10 out of 15

is a higher frequency than you would expect in a random sample. Even if

there weren’t other issues with the experiment, it does not seem plausible that

all the detections were false alarms, especially since the methodology did not

detect any false alarms for the other substitution the researchers were trying

to detect: the glyoxylated cysteines.

Deadly Consequences



The consequences of glyphosate’s ability to incorporate itself into proteins in

place of the coding amino acid glycine are far-reaching and potentially

catastrophic. Nearly every protein of any length has at least one glycine

residue. There is a large set of proteins for which at least one specific glycine

residue is essential for proper function. Researchers can determine which

amino acids in a given enzyme class are important by aligning multiple protein

sequences with a shared evolutionary relationship taken from many different

species. Sometimes these alignments have sequences or individual amino acids

that are identical across a large number of species, even across phyla—from

amoebas to cabbages to chickens. When the same amino acid shows up in

these alignments across multiple versions of a particular protein, it is

considered to be “highly conserved,” and this almost always means that the

amino acid serves an important function in the protein. For example, the

muscle contractile protein myosin has at least a dozen glycine residues that

show up consistently in many different versions.32 The human version of the

enzyme has a highly conserved glycine residue at location 699. If this is

replaced by alanine, the protein’s ability to contract is reduced to 1 percent of

its capacity.33

Collagen is the most common protein in the body, making up 25 percent

of the body’s proteins. It has a unique GxyGxyGxyGxy pattern over large

swaths of the molecule. In this pattern, every third residue is a glycine (you’ll

remember that “G” stands for glycine and the lowercase “x” is a wildcard,

meaning that any amino acid could go there, including glycine). This pattern is

essential for collagen to fold properly into its elegant triple-helix structure. It is

this structure that gives collagen its unique properties of tensile strength,

elasticity, and ability to hold water. Mutations in several different glycine

residues in collagen weaken connective tissues, resulting in a condition known

as Ehlers-Danlos syndrome. People who have Ehlers-Danlos syndrome often

suffer from loose joints, stretchy skin, and abnormal scar formation.34

While Ehlers-Danlos syndrome is a genetic disorder, glyphosate

substituting for glycine residues within collagen is an environmentally induced

disruption that may be contributing to the widespread back, shoulder, neck,

knee, foot, and hip pain so many of us experience today. This pain often

necessitates surgery to repair injured joints. Among people in their 70s, the

prevalence of knee surgery among women has increased nearly 11-fold, and



the prevalence of hip surgery has increased 9-fold, over the past two decades.

Among men, the increase has been even more dramatic, with a 26-fold

increase in prevalence of hip replacement surgery and a 15-fold increase in

knee replacement surgery.35 Joint replacement is expected to become the most

common elective surgical procedure in coming decades. There are other

reasons for joint damage and attendant surgeries, including stress on the body

caused by obesity, improved surgical techniques with better outcomes, and the

profitability of surgical interventions. But it is also likely that glyphosate’s

disruption of collagen increases the injury, necessitating corrective action.

Many ion transport proteins depend on glycine in a critical hinge region

of the protein, which is embedded in the plasma membrane of the cell. This

hinge is essential for the opening and closing of the protein to control ion flow

across membranes. There is also an interesting class of proteins that have a

transmembrane segment containing a “glycine zipper motif ” where glycine is

regularly spaced by three intervening amino acids. (In chemistry, a “motif ” is a

pattern of amino acids in a protein sequence.) The pattern is GxxxGxxxGxxxG

for amyloid beta, the protein whose misfolding and precipitation into plaque is

linked to Alzheimer’s disease. This same GxxxG pattern is also associated with

prion proteins that cause prion diseases such as mad cow disease in bovines,

chronic wasting disease in deer, and Creutzfeldt-Jakob disease in humans.36

We all probably know people suffering from Alzheimer’s disease, which

is a chronic degenerative condition and the most common form of dementia.

At least 5 million Americans currently have Alzheimer’s and an estimated 14

million Americans are projected to have the disease by 2060.37 Alzheimer’s

affects the parts of the brain that control working knowledge, language,

memory, and thoughts. As their condition deteriorates, Alzheimer’s patients

can experience so much cognitive confusion that they become unable even to

feed themselves. They might pick up a fork and just look at it, unsure what it is

or how to use it. With their brain cells wasting away, they lose the common

sense that most of us take for granted.

Studies have shown that amyloid beta depends on the glycine zipper

motif to maintain its alpha helix structure that penetrates the cell membrane.

If that glycine is replaced with other amino acids, the amyloid beta forms

soluble beta sheets instead. These beta sheets stay in the cytoplasm and

eventually accumulate, glomming together to form fibrils that become the



characteristic Alzheimer’s plaque.38 This process of misfolding into beta sheets

is called amyloidosis, and we also see it happening with other proteins

associated with other pathologies.39

It is not a coincidence that the prevalence of chronic diseases such as

Alzheimer’s have been rising in step with exposure to glyphosate. While we

can’t blame every aspect of an illness on this pernicious chemical, we can

surmise that it is contributing to the downturn in human health by disrupting

our proteins. Dozens, if not hundreds, of proteins may be severely disrupted

by glyphosate substitution for glycine. Many receptors depend upon glycine

residues to attach to the cell membrane and receive a signaling molecule, such

as insulin or low-density lipoprotein (LDL), which delivers fat molecules to the

cells.40 You’ve no doubt heard LDL referred to as bad cholesterol, because it

can sometimes collect in the walls of blood vessels and it’s associated with an

increased risk of heart attacks and strokes. When patients have lab tests that

reveal high levels of LDL in their blood, medical doctors prescribe statins.

Statin drugs are linked to a long list of worrisome side effects.41 Glyphosate

substitution in the insulin or LDL receptors could be a factor in both insulin

resistance (type 2 diabetes) and elevated serum LDL associated with

cardiovascular disease.

Once we understand how glyphosate disrupts the shikimate pathway by

substituting for glycine and disrupting or even destroying hijacked proteins,

we have a model to understand how glyphosate can disrupt many other

proteins by acting similarly as a biochemical imposter. In the next chapter,

we’ll look specifically at proteins that bind molecules that contain phosphate

at a site with at least one highly conserved glycine residue. EPSP synthase

exemplifies this scenario. The implications of glyphosate substitution in this

broad class of proteins are terrifying.



— CHAPTER 5 —

The Phosphate Puzzle

As a society we are like a freight train heading for a broken bridge.

—DIETRICH KLINGHARDT, MD, PhD

Does glyphosate have a toxic mechanism that damages a broad spectrum of

proteins? And, if so, can this explain the long list of chronic diseases whose

prevalence has been going up in line with the rise in glyphosate usage on core

crops? Yes. And yes. I’ve been analyzing the scientific literature specifically on

glycine residues in proteins for over five years. What I now believe is that

glyphosate damages a large number of proteins by exerting a specific toxic

effect that disrupts protein function. And that there’s a broad class of essential

enzymes that share a common feature—they bind phosphate—that causes

them to be very sensitive to glyphosate. It’s the phosphate-binding capacity

that makes these enzymes especially vulnerable. At the same time, this

capacity is essential for their function, and these proteins serve diverse needs

in the body.

As the smallest amino acid, glycine plays an important role in many

proteins, especially by creating space that welcomes the reception of a ligand.

(A ligand is a molecule that binds to an enzyme and serves as a substrate to the

enzyme’s reaction.) By substituting for glycine, glyphosate may deny that

space to the ligand by filling it with its bulky, negatively charged

methylphosphonyl tail. Think of it as glyphosate stealing the ligand’s seat in a

busy cafeteria, or as a game of Duck Duck Goose where glyphosate slips into

the empty spot.

The substitution is especially pernicious when the ligand is a negatively

charged essential small molecule containing phosphate. Glyphosate’s negative



charge and the phosphate’s negative charge (PO4
−2) will repel each other the

way two magnets do when you try to push them together with their dipoles in

opposition. This repulsion, combined with glyphosate occupying the space

where phosphate is supposed to fit snugly, can wreck the protein’s ability to do

its job.

There are many small molecules containing at least one phosphate anion

that play multiple essential roles in biology. One you might be familiar with is

adenosine triphosphate (ATP), which has a tail of three phosphate anions

hooked together. ATP is considered the “energy currency” of cells. Many

proteins derive the energy they need to perform their functions by breaking

off the last phosphate from ATP. Another molecule you are now familiar with

that contains a phosphate anion is phosphoenolpyruvate (PEP), the molecule

that the enzyme EPSP synthase binds to in the shikimate pathway.

Other phosphate-containing molecules that participate in important

ways in enzymatic activities and cellular signaling include guanosine

triphosphate (GTP); nicotinamide adenine dinucleotide (NAD), which is made

from niacin, a.k.a. vitamin B3; pyridoxal-5’-phosphate (PLP), which is made

from pyridoxine, a.k.a. vitamin B6; flavin adenine dinucleotide (FAD) and

flavin mononucleotide (FMN), which are made from riboflavin, a.k.a. vitamin

B2; and glucose-6-phosphate (G6P). As you can see, many of these are essential

B vitamins. They play a crucial role in helping a living organism with its

metabolism.

Several experiments have shown that glyphosate can suppress various

enzymes that bind molecules containing phosphate. In addition to EPSP

synthase, these include ribulose-1,5-bisphosphate carboxylase/oxygenase

(RuBisCo), an enzyme in plants that is essential for photosynthesis and the

most common protein known to biology.1 In human cells, glyphosate

suppresses succinate dehydrogenase in the citric acid cycle. Succinate

dehydrogenase is an essential enzyme for metabolizing glucose and generating

ATP. Glyphosate also suppresses glucose-6-phosphate dehydrogenase (G6PD),

an enzyme present in large amounts in red blood cells that plays an important

role in antioxidant defenses.2

I have a theory that can predict whether a protein will be sensitive to

glyphosate. Proteins most at risk have what I call a glyphosate susceptibility



1.

2.

3.

motif. (As a reminder, a “motif ” in chemistry is a pattern of amino acids in a

protein sequence.) This glyphosate susceptibility motif is characterized by

three basic principles:

The protein binds phosphate at a site where at least one glycine

residue is highly conserved and essential.

At least one glycine residue at this site has a small amino acid

immediately to the left.

There is at least one, and preferably two or more, positively charged

amino acids nearby that can securely hold glyphosate’s

methylphosphonate group in place.

Remember that glyphosate disrupts the enzyme EPSP synthase in the

shikimate pathway by interfering with binding of the phosphate group

attached to phosphoenolpyruvate (PEP), as we discussed in chapter 4. Almost

any protein that involves binding to a phosphate-containing molecule has at

least one, and usually more than one, highly conserved glycine residue at the

site where phosphate binds.

Wasting Energy

Phosphate plays an important role in living organisms. ATP has three

phosphates linked together and attached to its adenosine molecule: adenosine-

phosphate-phosphate-phosphate. Cells produce ATP mainly by metabolizing

sugar in mitochondria during the citric acid cycle. To convert ATP to ADP, the

last phosphate is removed. That conversion releases the energy that was tied

up in the phosphate bond, which can then be used to perform useful work.

When a protein folds, it creates a specific three-dimensional pocket to

snugly fit each of the ligands that the protein binds to—as a reminder, ligands

are molecules that bind to enzymes and serve as substrates to the enzymes’

reactions. The protein also often configures a complementary charge

distribution around the ligand to act like a magnet to secure the ligand in

place. So, ATP is a negatively charged ligand for all enzymes that use it as an

energy source.



I know this is technical but stay with me. An analysis of 168 proteins that

bind ATP found that glycine, as well as the three positively charged amino

acids—arginine, lysine, and histidine—were more likely to be found at an

ATP-interacting site where the conversion from ATP to ADP takes place.

Positively charged amino acids can bond to the negatively charged phosphate

unit to secure it in place. Glycine, being the smallest amino acid, provides

flexibility as well as room for the bulky phosphate anion.3

This model fits well for EPSP synthase. E. coli’s EPSP synthase has two

lysine residues, as well as a histidine and an arginine residue, that are present

at the PEP binding site, in addition to the glycine residue that gives it

vulnerability to glyphosate toxicity.4 Protein folding is a complex, nearly

miraculous process that takes place in real time as the protein is assembled,

left to right, f rom its individual amino acids, according to the DNA code. It is

likely that, when glyphosate assembles into EPSP synthase at the spot where

glycine usually goes, its methylphosphonyl group is secured into the pocket

intended for phosphate, aided by electrostatic bonding to the neighboring

positively charged amino acids as they fold into place in parallel. The

consequence, which would hold true for any protein that normally binds

phosphate, is that the protein’s ability to utilize phosphate-containing

molecules in its reactions is disrupted.

For example, the muscle contractile protein myosin binds to ATP,

detaches the last phosphate, and uses the released energy to effect muscle

contraction. The site where myosin binds to ATP contains a glycine-rich motif,

referred to as the phosphate-binding loop (P-loop) motif, with at least two, and

sometimes three, glycine residues.

Myosin has many highly conserved glycine residues, but the center one in

its ATP binding site is crucial for its ability to translate the energy in the ATP

molecule into useful motion. At least 80 out of 82 known myosin versions in

different species have been found to have GESGAGKT as their instantiation of

the P-loop motif (GxxGxGKT) at the ATP binding site.5 Mutations in the

middle glycine have particularly devastating effects on myosin function. This

glycine plays two roles. One role is to make room for the bulky phosphate

anion. The other role is to encourage the phosphate ion to split f rom ATP. A

mutation where this glycine is replaced by alanine (a very small change)

reduces the protein’s ability to detach the phosphate and therefore to effect



muscle movement.6 Glyphosate replacement could be equally if not even

more catastrophic.

In an important study published in 2013, biochemists from Ohio and

Indiana conducted a detailed analysis of proteins that were either upregulated

or downregulated when E. coli bacteria were exposed to glyphosate.7 At least

10 ATP-binding sites for various protein complexes were found to be

upregulated. Upregulation means an increase in the synthesis of the protein,

which can happen when the protein is not working properly. Think of it this

way: If you hire incompetent workers for a job, you have to hire more workers

to get the job done. And even then the job might not be done correctly.

Glyphosate substitution for one or more of the critical glycines at the ATP

binding site creates a need for increased production of all these inefficient

ATP-binding proteins. Many of the disrupted molecules are transport proteins.

They use the energy in ATP to support the transport of critical nutrients

across the membrane and into the cell. (See table A.2, page 187, for the specific

ATP-binding proteins disrupted in E. coli.)

Epigenetic Effects through Phosphorylation

Kinases are a large class of enzymes that typically transfer the terminal

phosphate from an ATP molecule to an amino acid within a protein.8 Serine,

threonine, and tyrosine are the amino acids that can be phosphorylated in this

manner. Phosphorylation (that is, adding phosphates) is one of many

epigenetic transformations that cause proteins to behave dramatically

differently from the way they would behave otherwise. Most enzymes that are

affected are activated through phosphorylation, but some can be suppressed

by phosphorylation. Many have multiple sites where phosphates can be added,

some of which activate the protein and some of which suppress it, in a

sophisticated and complex control mechanism.

Phosphorylation can cause a protein to become more soluble. When this

happens, a protein might move from the cell membrane into the cytoplasm.

These changes lead to complex outcomes as kinases start attaching

phosphates to other kinases, which activates a cascade of profuse activity, and

can ultimately effect specific outcomes that change cellular behavior in

dramatic ways. The overwhelming and inappropriate immune response that



sometimes occurs in patients suffering from an infectious disease like COVID-

19 provides a good example. Signaling mechanisms in response to the

coronavirus result in a phosphorylation cascade that ultimately causes

immune cells to release signaling proteins called cytokines. A sudden and large

release of cytokines is a cytokine storm—an out-of-control inflammatory

response that can cause widespread tissue damage. A cytokine storm brought

on by COVID-19 can be deadly. Cytokine storms are a consequence of

immune deficiency, which, as we will see in chapter 10, can be caused or

exacerbated by chronic glyphosate exposure.

There is a highly conserved glycine-rich motif at the ATP binding site of

kinases, which has a characteristic GxGxxG pattern.9 The middle G of this

pattern is conserved in 99 percent of protein kinases. Based on the kinetics of

kinases at the site where ATP binds, glyphosate substitution for either of the

first two glycines in the GxGxxG motif commonly found in kinases will have

significant effects.10

We know that substituting the amino acid aspartate for the middle

glycine in a kinase in corn results in a substantially increased ability to yank

phosphate off of ATP.11 Aspartate, like glyphosate, is negatively charged and

bulkier than glycine. It is a good model for how glyphosate might be expected

to behave. A glyphosate-substituted “mutant” will be much more effective at

yanking the phosphate off the ATP molecule but less able to grab it and attach

it to the phosphorylated protein. Phosphate’s detachment from ATP is the

rate-limiting step of the reaction, so doing this more effectively means

achieving a greater rate of phosphorylation. However, with glyphosate or

aspartate in the way, there is also a greater likelihood of metaphorically tossing

the phosphate anion on the floor rather than attaching it to the substrate. This

essentially wastes the energy in the ATP phosphate bond, putting more

pressure on the mitochondria to produce adequate amounts of ATP.

Many studies relate diseases to abnormal phosphorylation of various

proteins, such as hyperphosphorylated tau proteins in Alzheimer’s disease and

disturbed phosphorylation in cancer.12 The B-Raf kinase is a major regulator

of signaling pathways that control cellular division and differentiation. The

oncogene BRAF, which codes for B-Raf, is highly associated with breast cancer.

Glycine mutations in the glycine-rich region of B-raf are commonly found in



tumor cells, providing a possible explanation for BRAF’s cancer-causing

potential.13

Bad Blood

Red blood cells make up the biggest component of blood. They are unusual in

several ways compared to other cells. They ditch their nuclei early in their

maturation process. Since mature red blood cells have no DNA, they’re unable

to synthesize new proteins. Red blood cells also have a relatively short lifespan.

They’re continuously renewed as new arrivals come out of the bone marrow,

and they’re constantly cleared in the spleen as they grow old, after about a

hundred days. Their main function is to distribute oxygen to the tissues. They

carry oxygen bound to iron in their hemoglobin, a transport protein they have

in abundance.

Red blood cells are also unusual in that they have no mitochondria.

Mitochondria are the organelles that maintain the energy supply to a cell in

the form of ATP. Because red blood cells have no mitochondria, they must get

their ATP from another source. For this they use glycolysis, an anaerobic

process that doesn’t depend on oxygen. Glycolysis produces a small amount of

ATP from glucose molecules by converting glucose to lactate. Ironically, red

blood cells have a lot of oxygen available to them but they don’t use it to

oxidize glucose. This avoidance may be a strategy to help reduce their

exposure to reactive oxygen species and minimize their need for antioxidant

defenses. (During normal metabolic processes, the cells in our bodies produce

a type of unstable small molecule containing oxygen that reacts with other

molecules in a cell. This small molecule is called a free radical, or a reactive

oxygen species.) It might also not be “intelligent” to consume the resource

(oxygen) that they’re responsible for supplying to the tissues.

Red blood cells use an enzyme, pyruvate kinase, that is important in the

glycolysis pathway. Pyruvate kinase deficiency due to genetic mutations is the

second most common cause of hemolytic anemia, a condition in which red

blood cells are destroyed faster than the bone marrow produces them.14 This

enzyme executes a major step during glycolysis where an ATP molecule is

synthesized from ADP in order to generate energy for the cell. Generating

energy via glycolysis is particularly important for red blood cells because they



don’t have any mitochondria.15 Without mitochondria, red blood cells depend

almost entirely on glycolysis to meet their energy needs. When the red blood

cell runs out of energy, all active processes must stop. The red blood cell starts

leaking potassium because its potassium pump has no energy. This loss of

electrolytes causes water to leak out, as well. The cell shrinks, ultimately dying

from dehydration.

Just like EPSP synthase, pyruvate kinase binds PEP. Its job is to transfer

phosphate from PEP to ADP, to yield ATP. As you know, it is the PEP binding

site in EPSP synthase that glyphosate disrupts. In addition to binding both PEP

and ADP, which both contain phosphate, pyruvate kinase also binds to

fructose diphosphate (fructose-P-P). The point is that pyruvate kinase has

many phosphate-binding requirements. All of these sites could be disrupted

through glyphosate substitution for glycine.

Over 50 different genetic mutations in pyruvate kinase have been linked

to hemolytic anemia. Several of these mutations involve changing glycine to

something else. One way to find out if a particular amino acid plays a critical

role in a protein is to look at the peptide sequence for the different versions

produced by different species. One such study compared the human sequence

with an enzyme produced by three other species (rats, rabbits, and cats).

Researchers found that there were 11 completely conserved glycine residues in

the peptide sequence that were present in all four species. No other amino

acid had anywhere close to this many perfect alignments.16 This suggests, of

course, that the amino acid glycine plays a critical role in pyruvate kinase. I’d

further suggest that glyphosate substitution for glycine in the enzyme

pyruvate kinase is particularly damaging to red blood cells.

Antioxidant Defenses

Red blood cells also metabolize glucose through another pathway, parallel to

glycolysis, called the pentose phosphate pathway (PPP). The pentose

phosphate pathway is critical for protection from oxidative damage. You may

have heard of glutathione, an excellent antioxidant that is produced by the

liver and helps the body rid itself of toxins. Think of glutathione as nature’s

mop. However, glutathione works as an antioxidant only in its reduced state,

as GSH. That is, like other antioxidants, glutathione “works” by getting



oxidized and in this way defuses reactive oxygen species. Oxidized glutathione

(GSSG) has to be converted back to two molecules of reduced glutathione

(2GSH) by stealing hydrogen atoms from an extremely important molecule

that participates in a huge number of reactions involving oxidation and

reduction. This molecule, called nicotinamide adenine dinucleotide phosphate

(NADPH) is derived from vitamin B3 (niacin) or from tryptophan. Both of

these, in turn, are derived from the shikimate pathway, which glyphosate

disrupts. NADPH itself has to be regenerated from NADP+ to help

glutathione remain in its reduced state. NADPH contains three phosphate

anions. Are you still with me?

This chain of reactions goes one step further to enable vitamin C

(ascorbate) to work as an antioxidant. Reduced glutathione can react with

oxidized ascorbate to convert it to a beneficial form that has antioxidant

properties that the body can use. Oxidized ascorbate without the help of

glutathione can actually be dangerous. It can be metabolized to oxalate, which

increases the oxalate burden and the risk of kidney stones.17

Another way red blood cells can “break badly” is via the glucose-6-

phosphate dehydrogenase enzyme (G6PD), which directly impacts glutathione

and ascorbate. G6PD is the rate-limiting enzyme of the pentose phosphate

pathway. The rate-limiting enzyme of a pathway is the slowest enzyme in the

pathway, and often the one most regulated by external signaling. Red blood

cells have large quantities of G6PD. They use it to renew all the antioxidant

defenses. G6PD restores NADPH from NADP+. Besides its role in restoring

glutathione and vitamin C to their beneficial state, NADPH is essential for the

synthesis of fatty acids, cholesterol neurotransmitters, nucleotides, and amino

acids. The cell expends a significant amount of energy keeping NADPH in its

reduced form.

Humans can have many different genetic variants of G6PD, some of

which may be defective, leading to disease. In fact, G6PD is the most heavily

mutated protein in the human genome. Both G6PD deficiency and

glutathione deficiency increase the sensitivity of hemoglobin to glycation

damage from elevated blood sugars.18 (Glycation is a nonenzymatic reaction

that causes sugars such as glucose and fructose to attach themselves to

proteins such as hemoglobin. They can also attach to fatty acids.) A common

test for glucose intolerance involves testing for hemoglobin A1c (glycated



hemoglobin) in the blood, as disruption of G6PD is tied to glucose

intolerance.

Severely defective variants of G6PD cause neonatal jaundice, which can

lead to brain damage due to high levels of a toxic byproduct of hemoglobin

metabolism.19 G6PD deficiency has also been linked to autism.20 Because the

gene is located on the X chromosome, boys are more susceptible to G6PD

deficiency than girls. Boys are also nearly four times as likely to have

neurological disorders, particularly autism, than girls. G6PD deficiency has

also been linked to bipolar disease, schizophrenia, erectile dysfunction, and

vitiligo.21

Glyphosate suppresses the activity of G6PD.22 This is not surprising,

since G6PD contains highly conserved glycine residues at three different sites

where it binds phosphate. The enzyme binds to G6P as well as to two different

molecules of NADP+.23 A glycine residue at location 488 is within one of the

NADP+ binding sites. Mutations to a bulkier amino acid have been shown to

decrease the binding affinity to NADP+.24

We know from a study published in 2015 that the activity of the common

enzyme catalase is reduced by 40 percent in people with autism.25 Catalase is

an important antioxidant enzyme in the red blood cells, the liver, and

throughout the body. Catalase contains a heme group, and glyphosate has

been shown to interfere with the synthesis of pyrrole, the basic unit in the

porphyrin ring in heme. The first step in the synthesis of pyrrole involves

glycine as a substrate, and glyphosate’s role as a glycine imposter disrupts this

step.26 Catalase also binds to NADPH, and this binding is essential to keep

catalase from being inactivated by its highly reactive substrate, hydrogen

peroxide.27 Glyphosate’s disruption of both the supply of NADPH as well as

NADPH binding could interfere with catalase’s ability to protect itself f rom

getting destroyed by the reactive oxygen species, hydrogen peroxide, that it is

trying to detoxify.

Oxidative Stress and Disease

I mentioned earlier in this chapter that our cells produce reactive oxygen

species, or free radicals, during normal metabolic processes. At the same time,



our cells also produce antioxidants to neutralize these free radicals. In order to

stay healthy, our cells need to have a balance between these free radicals and

antioxidants. Oxidative stress happens when there are too many free radicals

for the antioxidants to neutralize. Exposure to environmental pollution and

radiation can contribute to oxidative stress.

Oxidative stress, which has been linked to neurological problems in

children and a host of other disorders, is associated with a decreased ratio of

reduced glutathione versus oxidized glutathione, impaired catalase activity,

mitochondrial dysfunction, damage to cell membrane fatty acids, and

neuroexcitotoxicity.28 It’s imperative that we research whether glyphosate

disruption of multiple proteins that bind NADPH is leading to oxidative stress.

Since studies on human skin cells have shown that a glyphosate-based

formulation disrupts antioxidant defenses in multiple ways and induces

oxidative damage to membrane fatty acids, it seems likely that glyphosate

exposure causes oxidative stress.29 Glyphosate exposure decreases glutathione

levels in the blood and in the brain, heart, liver, and kidneys of rats, while

significantly increasing a common marker for oxidative damage.30

Glyphosate disrupts antioxidant defenses in plants as well as in animals.

Genetically modified glyphosate-resistant soybeans exposed to glyphosate

experience a sharply decreased ratio of reduced glutathione to oxidized

glutathione in their leaves.31 In both plants and animals, maintaining

glutathione in its healthy reduced form depends on having an adequate supply

of NADPH, which in turn depends on a functioning G6PD enzyme. These

studies suggest that glyphosate disrupts enzymes that maintain NADPH in its

reduced form (as NADPH instead of NADP+). It is plausible that this effect on

plants is also due to glyphosate disrupting NADPH binding in their

antioxidant defense enzymes.

Methylation Pathways

The enzyme methylenetetrahydrofolate reductase (MTHFR) plays a critical

role in methylation pathways. Methylation is the attachment of a methyl

group, CH3, to a molecule. MTHFR binds to NADPH and has a highly

conserved GxGxxG motif beginning at residue 498, instantiated as GWGPSG.



Mutations at four other glycine residues also cause a reduction in enzyme

activity.32 Two of these are substitutions by aspartate, one of the two

negatively charged coding amino acids, a good model for glyphosate

substitution. Methylation pathways play a critical role in development where

the methylation pattern in the genes dictates metabolic policy. Methylation is

one of the key contributors to epigenetics, something I’ll talk more about in

chapter 8, and patterns can be passed down across multiple generations.

Methylation pathway impairment is commonly observed in children with

autism.33 Dr. Mostafa Waly, a biochemist and specialist in prevention of

chronic diseases in the Food Science and Nutrition Department at the Sultan

Qaboos University in Oman, has proposed that a central feature of autism is

altered epigenetics due to disrupted methylation pathways. These pathways

are modified in response to oxidative stress due to impaired antioxidant

defenses.34 This observation is consistent with what we have seen in our

model of the glyphosate susceptibility motif, which would impact enzymes

that are critical for both methylation pathways and antioxidant defenses, due

in part to disruption of their ability to bind NADPH.

Impaired Liver Function

The liver is responsible for breaking down and clearing many compounds,

including steroid hormones, from the body. Liver function is dependent upon

a group of enzymes called cytochrome P450 (CYP) enzymes. CYP enzymes

play a crucial role in metabolizing drugs, as well as in synthesizing cholesterol,

steroid hormones, fatty acids, and eicosanoids, which are signaling molecules

derived from fatty acids.35 Mutations in CYP enzymes are linked to disordered

steroidogenesis, ambiguous genitalia, and Antley-Bixler syndrome, a rare

condition characterized by deformities affecting the skeleton.36

CYP reductase is an enzyme that converts NADP+ in CYP enzymes to

NADPH, a necessary step before they can do their job. Multiple species, f rom

microbes to plants to insects to mammals, have this enzyme.37 All CYP

enzymes are impaired when CYP reductase is impaired. Because of its crucial

role, complete knockout of the CYP reductase gene is lethal to mouse

embryos. When mice are genetically engineered to have a minimally



functioning variant of CYP reductase in their livers, they suffer severe

impairment. They become unable to clear drugs from the body and they build

up fat and cholesterol in their livers.38 Rats chronically exposed to very low

doses of glyphosate also develop nonalcoholic fatty liver disease, something

we’ll be talking more about in chapter 7.39

Flavin mononucleotide (FMN) and flavin adenine dinucleotide (FAD) are

members of a class of molecules called flavins. FMN contains one phosphate

and FAD contains two. There is a large class of enzymes called flavoproteins

that are defined by the fact that they bind to flavins. CYP reductase is an

important member of this class, and its binding to FMN is essential for it to

work. In 44 different species that possess CYP reductase, glycine residues are

conserved at the FMN binding site.40 At least one of these highly conserved

glycine residues binds with phosphate, consistent with the glyphosate

susceptibility motif:41 (1) The protein binds phosphate at a site where at least

one glycine residue is highly conserved; (2) At least one glycine residue at this

site has a small amino acid immediately to the left; (3) There is at least one,

and preferably two or more, positively charged amino acids nearby that can

securely hold glyphosate’s methylphosphonate group in place. We know that

glyphosate suppresses activity of liver CYP enzymes in rats.42 One likely

explanation for this is that CYP reductase in the liver is disrupted by

substitution of a critical glycine at the phosphate binding site for FMN.

Malfunctioning White Blood Cells

NADPH oxidase is an important enzyme in the body. It has many roles, one of

which is to kill pathogens. Chronic granulomatous disease is a rare genetic

disease where immune cells have a defective variant of NADPH oxidase.43 As a

result, the immune cells are unable to synthesize superoxide, a powerful

oxidizing agent that keeps pathogens, such as the fungus Aspergillus fumigatus,

as well as Staphylococcus aureus, Listeria, Klebsiella, and Pseudomonas, in check.

Those living with chronic granulomatous disease can develop bacterial

and fungal infections in their brains, intestines, livers, lungs, lymph nodes,

spleens, stomachs, and on their skin. Lung infections, especially fungal

pneumonia, are common. So are granulomas, areas of inflamed tissue, which



is where the disease gets its name. People born with this genetic defect often

die before age 40 from uncontrollable infections.

Chronic granulomatous disease usually involves mutations in glycine

residues at the phosphate binding site of the enzyme NADPH oxidase.

NADPH oxidase binds NADPH at a site that has three glycine residues.

Swapping out the first glycine of the GxGxG sequence for a bulkier, negatively

charged molecule such as glutamate (or glyphosate) not only prevents

NADPH from entering its active site but also disrupts FAD binding, abolishing

enzymatic activity.44 Glyphosate exposure mimics this genetic disease by

disrupting NADPH oxidase activity in the same way the genetic mutation that

causes chronic granulomatous disease does.

In chapter 2, I discussed Candida auris, a deadly new fungal infection that

is practically untreatable, and how glyphosate’s disruption of our immune

defenses is contributing to the rise in life-threatening fungal and other

pathogenic infections. A genetic mutation in a glycine residue, especially if it is

substituted by aspartate or glutamate—two amino acids that are similar to

glyphosate in that they are bulkier than glycine and have a negative charge—

models the kind of scenarios we can expect to see when glyphosate substitutes

for glycine. In other words, the phenomena of chronic granulomatous disease

helps explain how glyphosate impairs immune function. Several other proteins

in addition to NADPH oxidase are involved in immunity. It can be predicted

that these other proteins would be disrupted by glyphosate, something I’ll be

talking more about in chapter 10.

Sulfur Sensitivity

Some people claim they can’t eat sulfur-containing foods because they have a

sulfur sensitivity. Often, this is because they have an overgrowth in their gut of

bacterial strains that reduce sulfite and sulfate to hydrogen sulfide (H2S) gas.

This sensitivity can cause bloating, gas pain, and brain fog because hydrogen

sulfide gas freely floats through tissues and can reach the brain and disrupt its

function. Involved are two distinct kinds of an enzyme called sulfite reductase

that reduces sulfite. One enzyme incorporates sulfur into an organic

molecule. The other enzyme is content to just make hydrogen sulfide gas.



The former, assimilatory sulfite reductase, produces cysteine and

methionine as organic products. It is a “hemoflavoprotein,” meaning that it

depends on both NADPH and FAD (a flavin) binding, and also attaches to

heme. Since NADPH and FAD are phosphorylated molecules, assimilatory

sulfite reductase is likely to be disturbed by glyphosate.45 As we’ve seen,

synthesis of heme is also disrupted by glyphosate. By contrast, dissimilatory

sulfite reductase, which produces hydrogen sulfide gas, has none of these

dependencies. Might glyphosate’s disruption of the former in the gut microbes

be what leads to overproduction of the latter? If this were the case, it would

also allow the sulfur-reducing bacteria associated with autism, and that play a

causal role in allowing inflammatory bowel disease (IBD), to thrive.46

Detecting Sequences

In chapter 4, I referred to a team of scientists who claimed to prove that

glyphosate does not substitute for glycine in protein synthesis.47 The team, led

by Michael Antoniou, PhD, a molecular geneticist at King’s College London,

designed their experiment explicitly to see whether glyphosate is substituting

for glycine during protein synthesis, and they evaluated this on breast cancer

cells grown in an in vitro culture. The team concluded that all of the “hits”

they found—places where the technology detected a glyphosate substitution

for glycine in a specific protein—were false positives, because their

“unexposed” cells (the controls) also showed evidence of glyphosate

substitution. As we talked about earlier, what Antoniou’s group failed to

realize was that the “unexposed” cells had likely been exposed to glyphosate

over an extended time period in advance of the experiment, initially in the

human body, and subsequently during many generations of growth in vitro,

including during the experiment itself, when they were supplied with

glyphosate-contaminated nutrients.

Fortunately, their paper provided the exact sequences of the 15 proteins

they detected, and I was able to conduct analysis using the Universal Protein

Resource (UniProt) website’s biological sequencing software. Through

UniProt, I was able to identify all 15 proteins, at least 9 of which bind to

phosphate-containing molecules (see table A.3 on page 187). This finding



strongly supports my hypothesis that proteins with glycine residues that bind

to phosphate are especially susceptible to glyphosate substitution.

Identifying 15 human proteins that appear to have been modified

through glyphosate substitution for a specific glycine residue may be a

significant breakthrough in the quest for a test to detect glyphosate

contamination in proteins. Although I refute the team’s conclusions in the

strongest possible terms, I also acknowledge that their research is of great

value because it specifies a prescribed procedure that can be applied to other

cell types grown in culture, as well as to biological samples extracted from

diseased tissues in mammals, such as fingernails of scleroderma patients, skin

cells of psoriasis patients, amyloid beta plaque from Alzheimer’s patients, hair

samples of children with autism, hooves of horses suffering from founder,

biopsies from cancer tumors, and diseased kidney and liver tissues.

As we collect a database of specific substitution patterns, we may even be

able to predict rules for peptide contexts where glycine residues are especially

susceptible, such as when neighboring amino acids are small or positively

charged. These patterns are already becoming apparent in the small set

retrieved in Antoniou’s experiment. Six of the 15 purported substituted

glycines were immediately followed by a positively charged amino acid: lysine,

histidine, or arginine, and 10 were immediately preceded by one of valine,

leucine, serine, or threonine, all of which are small amino acids, supporting

space for glyphosate’s methylphosphonyl tail.



— CHAPTER 6 —

Sulfate: Miracle Worker

This ability to essentially “breathe” sulfur compounds has long been

thought to be one of the earliest stages in the transition from a non-

biological to biological world.

—DAVID WACEY, PhD

You may never have given much thought to sulfate, but it plays many

important roles in maintaining your health. A molecule present in all living

tissues, sulfate does many good things in your body; here are some highlights.

It escorts hormones through the bloodstream from one place to another,

essentially turning the hormones off until they arrive where they need to go. It

deactivates toxic elements and compounds, including mercury and

acetaminophen, and shuttles them out of the body. Sulfate helps maintain the

acidity of cell organelles, such as the lysosomes, the cell’s digestive system.

Sulfate is also essential for maintaining a healthy barrier in blood vessels to

keep the vessel wall shielded from reactive substances in the blood and to keep

the water in the blood from leaking out into the tissues. As cholesterol sulfate

in red blood cell membranes, it creates a negative charge that causes red blood

cells to repel one another, so that they don’t stick together and create a no-

flow situation. This negative charge also helps propel red blood cells through

the capillaries. In the polysaccharide heparan sulfate, it also plays an important

role in controlling what goes into and what stays out of most cells in the body.

To understand how sulfate came to be so important, we need to go on a

biochemical journey together. Then we can tackle the inconvenient truth that

glyphosate systemically impairs the body’s ability to maintain adequate sulfate

supplies, a phenomenon that is contributing to many diseases on the rise.



Essential for Life

Sulfur is an abundant and naturally occurring element. It’s in brimstone, and

in the smell of rotten eggs. Sulfur sits just below oxygen on the periodic table.

(Elements in the same column of the periodic table have similar chemical

properties, because their structures are similar.) Sulfur has many of the same

properties as oxygen—and, as we all know, oxygen is essential for life. Sulfate is

a combination of sulfur and oxygen, SO4
−2: one sulfur atom, four oxygen

atoms, and a negative two charge. This charge allows sulfate to create a

negatively charged surface when it attaches to other molecules.

When life began on our planet there was very little oxygen in the

atmosphere. On early Earth, hydrogen sulfide gas from deep-sea vents and

volcanic eruptions was abundant. Adenosine triphosphate, the energy

currency of life, was first made with sulfur rather than oxygen.1 Mitochondria

can still oxidize hydrogen sulfide gas to make ATP using some of the same

enzymes that metabolize glucose. As our cells’ powerhouses, the

mitochondria will preferentially take up hydrogen sulfide gas in place of

glucose if it’s present in the environment. Hemoglobin, which transports

oxygen through the body in red blood cells, seems to have been originally

designed to bind sulfur rather than oxygen.2

Even though we don’t breathe it in as we breathe in oxygen, sulfur is

crucial throughout the body. Hydrogen sulfide gas is a signaling gas

synthesized in the body, telling cells to initiate certain processes. Other

signaling gases that you might be more familiar with include nitric oxide and

carbon monoxide. In small amounts hydrogen sulfide is beneficial. But, like

carbon monoxide, it can also kill you in higher amounts.

Not Just a Shuttle Service

Sulfation is the process of attaching a sulfate anion to another molecule. This

process plays multiple important roles in biology. For example, sulfate attaches

to fat-soluble toxins and toxic chemicals in the liver to make them water

soluble so that they can be excreted through the urine. Sulfate also attaches to

all the hormones that are produced in the adrenal glands before they are

shipped out into circulation. Melatonin, the hormone that helps you sleep, is



sulfated after it is produced by the pineal gland. Cholesterol is sulfated in the

skin to create a healthy skin barrier. Specialized enzymes called

sulfotransferases move sulfate from a source molecule—usually a modified

form of ATP, called phosphoadenosine phosphosulfate (PAPS)—to another

molecule. PAPS is the energy form of sulfate, similar to ATP except with a

sulfate instead of one of the phosphates.

PAPS synthase is the enzyme that converts sulfate into PAPS by binding

to two different ATP molecules. One is used as a source of energy for the

reaction. The other one will be turned into PAPS by the reaction. PAPS

synthase has two highly conserved amino acid motifs associated with these

two ATP binding sites, and each of these motifs contains three glycines. PAPS

synthase can be disrupted by glyphosate substituting for glycine at either of

these two sites.

Sulfate, Steroids, and Sunlight

Steroid hormones are an important class of hormones that the body uses to

maintain health. They include the stress hormone cortisol produced by the

adrenal glands and the sex hormones produced by the adrenal glands, testes,

ovaries, and placenta. Attaching a sulfate temporarily inactivates the hormone

during transit and makes it more water soluble so it can easily travel through

the bloodstream. In other words, sulfate is essential for distributing hormones

throughout the body.

However, sulfation also inactivates the sulfate as it travels through the

body. This is crucial for distributing sulfate to the tissues. Too much free

sulfate (not attached to a carrier molecule) would change the state of the

water in the blood, making it too thick and impeding blood circulation

through the bloodstream. Biological organisms have come up with an elegant

solution: hooking sulfate onto carrier molecules, such as hormones.

For example, the adrenal glands, which are located on top of each kidney,

produce dehydroepiandrosterone (DHEA) sulfate. If you’re a woman in

menopause, you may have been prescribed DHEA by your doctor. That’s

because women entering menopause can become low in testosterone, and

DHEA can be converted into testosterone, lessening some symptoms

associated with menopause.3 DHEA sulfate also plays an important role



during pregnancy. It is converted by the placenta into estrogen to help

orchestrate fetal development. The sulfate is crucial; the unsulfated form of

DHEA cannot substitute for the sulfated form. This is particularly true in the

later part of pregnancy when the baby’s brain is maturing. Insufficient supplies

of DHEA sulfate can result in anencephaly, a baby born without a cerebral

cortex.4

Leydig cells in the testes are responsible for supplying testosterone to

sperm. An in vitro study on a tumor cell line derived from Leydig cells

determined that exposure to Roundup decreased their production of

testosterone by 94 percent! The enzymatic action of the cytochrome P450

(CYP) enzymes in these cells was suppressed, as well as the activity of a

protein that is responsible for transporting cholesterol across the

mitochondrial membrane to deliver it to the CYP enzymes.5 CYP enzymes

synthesize steroids from cholesterol. Their disruption by glyphosate could

disrupt the entire endocrine system.

Cells in the skin produce cholesterol sulfate in response to sunlight, and

this, too, circulates in the blood at relatively high concentrations. Vitamin D,

which is actually a hormone, is derived from cholesterol, triggered by

sunlight, and commonly sulfated in transit. Children with autism and other

neurological disorders often have low serum cholesterol,6 low serum sulfate,7

and low serum vitamin D.8 This suggests that cholesterol, vitamin D, and

sulfate are all important for brain health, and that sunlight exposure can help

protect the brain. (It also suggests that slathering children in sunscreen may

have unintended consequences that we are only beginning to appreciate.)

Sulfate and Neurotransmitters

As you know from the introduction, plants and gut microbes produce the

aromatic amino acids tryptophan, tyrosine, and phenylalanine in the

shikimate pathway, which glyphosate disrupts. Tryptophan is a precursor to

the neurotransmitters serotonin and melatonin. Phenylalanine and tyrosine

are precursors to dopamine, adrenaline, and the skin’s tanning pigment

melanin. Thyroid hormones that regulate metabolism are also derived from

tyrosine. All of these hormones, as well as tryptophan itself, are commonly



sulfated in transit. And all of these molecules are important biologically. Their

disruption can have dire effects.

Many nutrients that offer protection from conditions like Alzheimer’s

disease, heart disease, arthritis, and cancer are sulfated in transit. These

include resveratrol found in grapes and wine; curcumin, an anti-inflammatory

compound found in turmeric; vitamin C (ascorbic acid); and various beneficial

polyphenols and flavonoids found in colorful fruits, vegetables, coffee, tea, and

chocolate. I believe the benefits of these substances are largely derived from

their ability to transport and deliver sulfate to the tissues. All of these nutrients

are synthesized by plants and derived from products of the shikimate pathway.

Glyphosate’s disruption of steroid hormones along with its suppression

of the synthesis of aromatic amino acids and their derivatives

(neurotransmitters and polyphenols) can interfere with the body’s ability to

transport and deliver the sulfate that is normally carried by these bioactive

molecules.

Water Is Life

The Tuareg people of the Sahara have a proverb, “aman iman,” meaning,

“water is life.” Everyone knows we can’t live without water, but few people

realize just how special water molecules are biophysically. Water seems simple

but it’s not. Water science is dense and complex. One of its most important

properties is the one that is least well understood. Beyond solid, liquid, and

gas, water has what Gerald Pollack, PhD, a scientist in the Department of

Bioengineering at the University of Washington, calls a “fourth phase.”

Also called gelled, structured, ordered, liquid crystalline, exclusion zone,

or living water, the fourth phase of water is highly organized and electrically

conductive, but not quite a solid. Think of the water in gelatin desserts. Water

molecules are very small. The human body is over 98 percent water by

molecule count but only 66 percent by mass. Most of the water in our bodies

is in the fourth phase. Except for the water in our blood. The water in our

blood needs to be fluid in order for our blood to flow smoothly through the

blood vessels.

Sulfate is essential for maintaining the fourth phase of water. When a

water-soluble surface is populated with attached sulfate anions, the water



adjacent to the surface actually organizes into a regular array of hexamer

crystals. These six-branched crystals resemble the crystalline structure of ice,

creating a firm gel instead of liquid water.

For example, blood vessels are encased in a single layer of cells called

endothelial cells that make up the endothelium, or vessel wall. The endothelial

cells are layered onto proteins embedded in the plasma membrane of each cell

along the length of the endothelium. Polysaccharides, or chains of sugar

molecules, attach to the proteins. Sulfate anions then attach to these

polysaccharides in an irregular pattern. The resulting large and complex

molecules are called sulfated glycosaminoglycans, consisting of sulfate, glucose

(glycos-), nitrogen (amino-), and polysaccharides (glycans).

Chondroitin sulfate is a sulfated glycosaminoglycan found in joint

cartilage. People who suffer from arthritis and joint pain find that taking

chondroitin in supplement form can help. Heparan sulfate is another common

sulfated glycosaminoglycan. Constantly synthesized and broken down,

heparan sulfate lasts only a few hours, during which time it temporarily binds

to proteins embedded in cell membranes, “snags” contents from the blood

that will be useful to the cell (such as lipoproteins), and facilitates almost all

the cell’s core activities.9 Many signaling molecules, particularly growth

factors, bind to heparan sulfate to initiate their signaling response.

When heparan sulfate detaches from the proteins in the cell membrane,

it travels into the cell—along with whatever is attached to it—to the lysosome,

the cell’s digestive system. The sulfate anions then detach from heparan

sulfate in the lysosome, and become sulfuric acid, which helps maintain the

low pH essential for the lysosome to digest nutrients and break down cellular

debris. When sulfate becomes deficient, a cell’s ability to clear cellular debris

for recycling is impaired, leading to an accumulation of garbage that can’t be

removed.

Heparan sulfate is also the most abundant glycosaminoglycan—

chondroitin sulfate is another—that forms the glycocalyx, a structured fourth

phase “extracellular matrix,” that surrounds and protects healthy cells. The

glycocalyx also forms a structured fourth phase “wall” that lines all blood

vessels in the body, forming an almost impermeable barrier to reactive

substances carried in the blood. The viscosity of water bound to hydrophilic

surfaces, such as the sulfated glycocalyx, is orders of magnitude higher than



the viscosity of the water in the flowing blood.10 It’s crucial for the glycocalyx

to have sufficient sulfate in order to maintain a healthy barrier.11 In other

words, if glycosaminoglycans are insufficiently sulfated we’re in trouble.

Dr. Pollack and his team conducted experiments on the effects of

biologically active substances on this exclusion zone using a rough simulation

of a glycocalyx. They determined that certain foods and spices, including

coconut water, turmeric, and basil, increased the thickness of the barrier up to

a certain concentration, suggesting that these foods may be good for

protecting the integrity of the blood vessels. On the other hand, the

glyphosate formulation Roundup, even at very low concentrations, decreased

the thickness of the barrier.12 A thinner barrier can be more easily breached by

toxic or highly reactive substances in the blood.

A remarkable property of structured water is that it extrudes protons.

The gel becomes negatively charged, creating a sort of battery that can supply

electricity to the body. Like the surface of Jell-O, the gelled water provides a

smooth, slick surface next to the liquid water in the blood. A slick surface is

especially important in the capillaries to make it almost effortless for the red

blood cells to slide through with minimal friction. Insufficient sulfate in the

capillary walls increases the resistance to blood flow, causing extra load on the

heart. When someone has a long-term sulfate depletion, we see these kinds of

vascular and cardiac problems.

Sulfate and Phosphate Similarities

Sulfate shares biological similarity with phosphate. Both molecules consist of a

central atom surrounded by four oxygen atoms. In phosphate, the central

atom is phosphorus. In sulfate, the central atom is sulfur. Both sulfate and

phosphate have a negative two charge.

As we’ve seen, heparan sulfate consists of long chains of polysaccharides.

Heparin is a biologically important molecule that is similar to heparan sulfate.

Heparin is released from mast cells under inflammatory conditions, such as

allergic reactions. Although heparin does not contain the word sulfate in its

name, it is actually more highly sulfated than heparan sulfate. In fact, heparin

is the most highly sulfated molecule in biology. There are many important



proteins that bind to heparin or to heparan sulfate. And as with phosphate, it

can be surmised that some of these will be impacted by glyphosate

substitution.

Unlike phosphate-binding sites, heparan-sulfate-binding sites cannot be

characterized by a simple amino acid motif. In fact, researchers are still trying

to identify the specific site in different proteins where heparan sulfate binding

takes place. One study designed to characterize features of heparin-binding

sites and heparan-sulfate-binding sites determined that glycine, as well as the

positively charged amino acids lysine and arginine, were overrepresented at

sites that bind to heparin or heparan sulfate.13 So, despite the fact that the

pattern cannot be characterized by a simple motif, the same principle that

applies to phosphate-binding sites may also apply to heparin- and heparan-

sulfate-binding sites, making it likely that these sites will be sensitive to

glyphosate substitution in the same way.

Disrupted Signaling Mechanisms

Many cytokines, including interferons, interleukins, and growth factors, bind

to heparan sulfate. Such binding retains them close to the place where they are

released from a cell, restricting their activity to what’s called a paracrine (local)

effect rather than an endocrine (global) effect. That is, the binding keeps them

from getting out into the body’s general circulation. If the binding to heparan

sulfate is weak, the cytokine effect will no longer be localized, and the

cytokines will behave erratically.

Several biologically active proteins bind to heparan sulfate in the

glycocalyx (see table A.4 on page 188).14 This binding is necessary to transduce

their signal to the cell so that it can react appropriately. These proteins play

important roles in controlling blood clots, stimulating cell division,

maintaining cell adhesion to a surface, and stimulating growth, as well as

inducing an appropriate inflammatory response.

The proteins listed in the appendix all have critically important roles in

the body. The fibroblast growth factors (FGFs) are a family of proteins that

play an essential role in development. FGF binding to heparan sulfate is

essential for engagement with the FGF receptor in the membrane. Tissue

transglutaminase binding to heparan sulfate prevents it f rom cutting loose and



causing fibrosis (scar tissue) by building many crosslinks in collagen. Interferon

binding to circulating heparin prevents it f rom being degraded by proteolysis

enzymes.15 Another excellent example of a protein that binds heparin and

heparan sulfate is antithrombin. This protein protects the body against blood

clots by inactivating several enzymes involved in the blood clotting cascade. In

fact, heparin is commonly administered to protect from blood clots during

surgery. Heparin binding by antithrombin increases antithrombin’s activity by

a thousandfold.16

If proteins are impaired in their ability to bind heparin or heparan sulfate,

various defects may occur in the basic biological mechanisms essential for

homeostasis. Proteins that can’t bind heparin due to glyphosate incorporation

will end up wandering free in the blood and getting cleared too rapidly by

digestive proteins. Proteins that can’t bind heparan sulfate in the cellular

membranes will also wander into the bloodstream, causing an unintended and

unpredictable systemic response. It’s difficult in the abstract to predict the

consequences of such basic disruption of biological mechanisms, but we can

hypothesize that it can lead to signaling responses causing systemic

inflammation, hemorrhaging, thrombosis, and more.

Smooth Flow

Endothelial nitric oxide synthase, or eNOS, is an important enzyme that

synthesizes nitric oxide, a signaling gas that relaxes the vessel wall, diffuses

into the blood, and promotes blood flow. Impaired nitric oxide synthesis is

associated with hypertension, cardiovascular disease, and diabetes.17 eNOS

produces nitric oxide only when it is inside the cell, phosphorylated, and

bound to a protein called calmodulin. In its “inactive” mode, eNOS stays

tightly bound to a protein called caveolin in the cell’s membrane.

I believe that synthesizing nitric oxide is only one of eNOS’s important

roles. Its other role is to synthesize sulfur dioxide (SO2), which can be further

metabolized to sulfate by the enzyme sulfite oxidase. That is, if I am correct,

eNOS is not only essential for synthesizing nitric oxide. It is also essential for

maintaining adequate supplies of sulfate. I also suspect, although this is

admittedly more speculative, that eNOS synthesizes sulfur dioxide when it is



bound to the membrane—not inside the cells, as with nitric oxide synthesis—

and that eNOS relies on sunlight to catalyze the reaction.18

When calcium enters an endothelial cell, it can launch a signaling cascade

that causes eNOS to detach from the membrane, enter the cell,

phosphorylate, bind to calmodulin, and switch to synthesizing nitric oxide. In

the presence of oxygen, nitric oxide oxidizes to nitrite, which can erode the

glycoproteins that form the glycocalyx. (This is why the heparan sulfate

survives for only a few hours in the glycocalyx: The nitric oxide produced by

eNOS facilitates the recycling of the glycocalyx heparan sulfate.) In other

words, eNOS alternates between the synthesis of sulfur dioxide, which is

oxidized to sulfite and sulfate, and the synthesis of nitric oxide, which is

oxidized to nitrite and nitrate. Sulfate builds up the extracellular matrix.

Nitrite dismantles it. I think of it as a delicate yin and yang balance.

A Mystery in Our Red Blood Cells

Red blood cells contain a lot of eNOS, and this fact poses a big mystery. Red

blood cells are good at keeping calcium out, suppressing the signal that would

prompt eNOS to detach from the membrane, enter the cell, and synthesize

nitric oxide. In fact, the eNOS in red blood cells never leaves the cell

membrane.19 Arginine is needed for eNOS to make nitric oxide. Not only do

red blood cells not possess the transport protein that imports arginine into the

cell, but they also contain arginase, an enzyme that degrades arginine.

So, despite having an abundance of the enzyme that synthesizes nitric

oxide (eNOS), red blood cells have virtually none of the other requirements. It

appears as if red blood cells are doing everything in their power to make sure

eNOS never accomplishes anything. It would not be a good idea for red blood

cells to synthesize nitric oxide anyway. The nitric oxide would bind to

hemoglobin and interfere with the ability of red blood cells to transport

oxygen, much like carbon monoxide does. So the big question is: Why do red

blood cells produce so much eNOS?

Here’s what I think: We know that the endogenous steroid cholesterol

sulfate is important to red blood cells. It helps provide the negative charge in

the cell membrane that keeps cells from glomming together and blocking

blood flow. We also know that the enzyme eNOS oxidizes nitrogen to nitric



oxide when it is inside the cell. It is plausible that red blood cells carry eNOS

because eNOS can oxidize sulfur to sulfur dioxide when it is attached to the

membrane, providing the raw materials for sulfating the cholesterol.

eNOS is part of a family of enzymes knowns as flavoproteins, which play

an important role in many biological processes. As we’ve seen, flavoproteins

are susceptible to glyphosate substitution at the site that binds phosphate-

containing molecules. eNOS binds both NADPH and FAD. eNOS also binds

heme, the iron-binding oxygen-carrying molecule in hemoglobin. As I

explained in chapter 5, heme synthesis is impaired by glyphosate. That’s not

all. eNOS depends on both iron and zinc as catalysts. In the presence of

glyphosate, iron and zinc may become deficient due to glyphosate’s chelation.

Finally, eNOS contains a terminal glycine residue that is essential for its

binding to the cell membrane in a process called myristoylation.20 A terminal

glycine is an easy place to substitute glyphosate, since there is plenty of room

for its methylphosphonate unit—with no amino acid to the right. These

features show many vulnerabilities to glyphosate through metal chelation,

disruption of heme synthesis, phosphate binding at the flavin site, and

disruption of myristoylation and membrane-binding.

eNOS has a reputation among scientists for its capacity to misbehave.

Literally thousands of articles have been published on eNOS dysfunction. For

example, eNOS will sometimes spew out reactive superoxide instead of

producing nitric oxide.21 I propose that glyphosate disrupts eNOS’s

functionality, and this not only causes oxidative damage to the plasma

membrane but also interferes with sulfate supplies to the body. The

superoxide that should have been consumed by catalyzing the synthesis of

sulfur dioxide, and, subsequently, sulfate, instead sticks around as a reactive

oxygen species, because eNOS has been disabled by glyphosate.

So, briefly, this is how it goes. Red blood cells take up hydrogen sulfide

gas from the bloodstream. The cell’s hemoglobin converts the gas to

thiosulfate.22 The eNOS molecules in the cell membrane of red blood cells and

endothelial cells of the vessel walls, together with sulfite oxidase, finish the job,

transforming thiosulfate into two sulfate molecules.23 Flavins bound to eNOS

act as a photo-initiator, responding to blue light by releasing electrons that can

then catalyze the reaction to oxidize sulfur. In other words, eNOS synthesizes

sulfate in response to sunlight. I would even surmise that this is a far more



important benefit of sunlight exposure than the synthesis of vitamin D. This

could also explain why red blood cells have a lot of eNOS in their membrane:

They use it to oxidize sulfur, not nitrogen.

High serum cholesterol is a well-known risk factor for cardiovascular

disease. Several experiments have shown that high serum cholesterol, also

known as elevated LDL, induces endothelial cells to produce more of the

protein caveolin, which keeps eNOS at the membrane. This changes the

behavior of eNOS, causing it to release superoxide, in a pathological situation

referred to as eNOS uncoupling.24 This is very dangerous. Superoxide reacts

with nitric oxide to produce peroxynitrite, one of the most reactive substances

known to biology. I believe this pathology is a consequence of glyphosate’s

disruption of eNOS’s ability to oxidize sulfur to produce sulfate. Poor binding

to the flavin due to glyphosate’s obstruction prevents eNOS from completing

the reaction that combines sulfur with superoxide to produce sulfur dioxide.

Instead, the superoxide gets released and wreaks havoc.

The cholesterol, meanwhile, is trying to signal endothelial cells to

produce sulfate that can pair with cholesterol to produce the water-soluble

molecule cholesterol sulfate. Cholesterol sulfate can then enter the

membranes of the LDL particles to protect them from oxidation and glycation

damage. But none of this works well when glyphosate is disrupting eNOS.

LDL gets oxidized. Oxidized LDL that accumulates in the arteries is the

harbinger of cardiovascular disease.25

Finding Balance

High levels of free sulfate in our blood would cause it to gel and reduce the

flow of blood. So the body must maintain low levels of sulfate in the blood

within a very tight range.26 I surmise that this is why there are so many

molecules that specialize in sulfate transport. Most of the biologically active

molecules that transport sulfate mentioned previously—the polyphenols and

flavonoids, the aromatic amino acids and derived neurotransmitters and

thyroid hormone, and the sterols like cholesterol, cortisol, vitamin D, and the

sex hormones—are characterized by rings in their structure. They usually have

at least one six-sided ring and one five-sided ring. I speculate that these rings

disperse the negative charge on the sulfate anion and probably disrupt its



ability to gel water. These rings may also facilitate the transfer of sulfate to the

extracellular matrix in much the same way that flavins facilitate catalytic

reactions. All these sulfate carrier molecules are likely essential for distributing

sulfate via the vascular system to all the tissues, in a way that does not stop

blood from flowing.

A Backup for Sulfate

Taurine is an amino acid, but a very unusual one. It has a sulfur-based

(sulfonyl) group in place of the usual carbon-based (carbonyl) group. This is

characteristic of the coding amino acids. But taurine is not a coding amino

acid, so it never appears in proteins. It is, however, the most highly available

amino acid in isolation. It’s stored in particularly high concentrations in the

heart, the liver, and the brain. This fact has posed a mystery to science. I

believe that taurine’s most important role is as a stored form of sulfate, readily

available in an emergency should sulfate levels become dangerously low.

When sulfated glycosaminoglycans become sparse in the blood vessels,

the glycocalyx becomes precariously thin, leading to a high risk of

hemorrhage, or life-threatening blood clots, formed in an attempt to block

potential bleeds. Curiously, the brain releases its stored taurine in large

amounts during seizures. The heart does the same during a heart attack,

which I view as a form of “heart seizures.” These taurine molecules are picked

up by the liver and conjugated to bile acids, then shipped to the gut via the gall

bladder.

Taurine is considered inert, meaning that human cells cannot break it

down. However, gut microbes can metabolize taurine to produce hydrogen

sulfide gas, which can then be oxidized to make sulfate.27 In fact, radiotracer

experiments in animal models have shown that radio-labeled dietary taurine

shows up later as sulfate in the urine.28 Sulfate, produced by the gut microbes

from taurine, is then available to the host to help replenish the impoverished

supply in the bloodstream.

It’s a little-known fact that glyphosate has been observed, experimentally,

to suppress taurine uptake in E. coli. Taurine transporters are among the most

severely affected.29 The disruption of taurine transporter activity suggests that



taurine cannot be converted to sulfate in the presence of glyphosate, resulting

in widespread sulfate deficiency.

A Giant Puzzle

I love biology. Sometimes it seems like a giant jigsaw puzzle. But jigsaw

puzzles are static. The puzzle pieces stay where you put them. We need to

remember that biological organisms are systems and that nothing in them

works in isolation. Biology, then, is more like a three-dimensional interlocking

gear puzzle. We can’t change anything without far-reaching effects. Oxygen is

exchanged in the lungs, but if that oxygen doesn’t move throughout the body,

nothing works as it should. Sulfate is similar. Sulfate is arguably as important

as oxygen.

I’ve shown you how important sulfate is to our cells’ extracellular matrix,

especially the endothelial glycocalyx, which lines the blood vessels. Sulfate’s

ability to induce gelling of water also protects cells f rom attack by glycating

agents (also known as sugars) and oxidizing agents (reactive oxygen species

that are generated by defective enzymatic reactions). It also presents a smooth

surface for the red blood cells moving in capillaries, such that they can slide

effortlessly with little resistance. Sulfate, in the form of cholesterol sulfate,

protects lipid particles such as LDL and HDL (the so-called good cholesterol)

and red blood cells from damage, keeping them healthy during circulation. It

also provides negative charge that keeps the red blood cells well separated

from each other, maintaining healthy blood flow.

My research has led me to conclude that glyphosate erodes the body’s

ability to maintain adequate sulfate, mainly through its multiple effects on

proteins susceptible to glycine substitution. Glyphosate not only depletes the

supply of sulfate carriers (the aromatics and the steroids), but also interferes

with the synthesis of PAPS, which is essential for sulfate transfer from one

molecule to another. The carriers are present in insufficient numbers, and they

are unable to easily obtain a sulfate attachment. Perhaps the most devastating

effect of glyphosate is the disruption of eNOS’s ability to make sulfur dioxide,

which normally gets oxidized to sulfate that is immediately available to

populate the glycocalyx. Instead, eNOS releases superoxide, which does

damage to the cellular contents. Systemic sulfate deficiency is a key factor in



multiple modern diseases, including heart disease, neurological diseases, gut

disorders, and autoimmunity.



— CHAPTER 7 —

Liver Disease

Of all the organs in the body the liver is the most extraordinary. In its

versatility and in the indispensable nature of its functions it has no equal.

—RACHEL CARSON, Silent Spring1

Your heart, yes. Your brain, of course. But if you’re healthy, chances are you

don’t spend a lot of time thinking about your liver. The largest internal organ

in the body, your liver plays a crucial role in maintaining your health.

Underappreciated and often misunderstood, the liver is the body’s filtration

system. Much of what you eat and drink eventually passes through your liver,

where it is sorted into nutrients to circulate and toxicants to dispose of. It’s a

meaty, fleshy, reddish, rubbery organ that sits on the right side of your belly,

just underneath the protective cage of your ribs. Your liver may perform as

many as five hundred functions, mostly related to metabolism, vitamin and

hormone regulation, and detoxification. It’s the place where bile acids are

produced, before storage in the gall bladder and release into the upper

intestine to aid in the digestion of fats. The liver is also responsible for making

sure your blood sugar doesn’t get too low. It responds rapidly by releasing

sugar that is synthesized from nutrients such as lactate, proteins, and fats

through a process called gluconeogenesis. (If you break down the word

gluconeogenesis, you can think of it as literally “making new glucose.”)

The liver can also make toxic chemicals less toxic. How? By modifying

them using cytochrome P450 enzymes and then conjugating the modified

toxicants with small molecules like glutathione or sulfate. This solubilizes

them so they can be shipped via the bloodstream to the kidneys for export in

the urine. These toxic chemicals include phenolic compounds produced by gut



microbes, drugs such as acetaminophen (the main ingredient in Tylenol) and

statins, as well as a variety of fat-soluble pesticides, food additives, flavor

enhancers, good old-fashioned alcohol, and volatile organic compounds.

If that’s not enough to get your attention, consider this: The liver also

controls blood levels of certain vitamins and hormones. It activates vitamin D

and metabolizes vitamin A, and also activates thyroid hormone by converting

T4 to the active version T3. It’s also responsible for clearing T3 from the

blood.

The human liver is really a magnificent organ. It is the only organ in our

bodies that is able to regenerate. When other organ tissue, like the heart, is

damaged it is replaced by scars. Unlike every other organ in the body, when

the liver is damaged it can be replaced with new liver cells.2 While prolonged

exposure to liver toxins, the most famous of which is alcohol, can compromise

the liver’s ability to regenerate itself, it is remarkably resilient. Chances are you

know someone who drank to excess and lived a healthy life well into old age. I

certainly do.

Unfortunately, the liver is also one of the organs most vulnerable to

glyphosate. A large number of studies, spanning decades, have demonstrated

that glyphosate is markedly toxic to the liver, and that the liver is one of the

first organs to be affected by glyphosate exposure. This is perhaps not

surprising, since it is the liver’s responsibility to clear toxins and toxic

chemicals from the blood. As such, its exposure to glyphosate is higher than

that of other organs. We know that glyphosate harms the liver in many

different species, including fish, lizards, rabbits, and rodents.3 We also know it

harms the human liver in a variety of ways. An extensive body of scientific

research reveals that glyphosate disrupts cytochrome P450 (CYP) enzymes,

depletes the liver of glutathione, induces oxidative stress (which can then lead

to mitochondrial impairment and mitochondrial DNA damage), and causes

fatty liver disease.4

Compounding the problem is that glyphosate is only one of many

chemicals that puts stress on our livers. Toxic environmental exposures work

synergistically to cause or exacerbate liver disease.5 We are exposed to many

herbicides, insecticides, and environmental pollutants every day. Many people

also take a wide range of prescription and over-the-counter medications, and



many of these medications are known to be toxic to the liver. Nothing good

comes of combining glyphosate with liver-damaging drugs. In fact, glyphosate

increases the cytotoxicity of other substances, resulting in synergistic damage

to the liver. In some cases, the damage is so substantial that a transplant

becomes the only viable option.

A Bit of Biochemistry

Proteins are assembled from amino acids like beads on a string according to a

four-letter genetic code (AGCT, standing for the nucleotides adenine, guanine,

cytosine, and thymine) dictated by the DNA. All cells that have a nucleus have

the code to make all the proteins the body uses. But many codes are never

expressed. When we say that a particular cell type “expresses” a certain

protein, we’re saying that it is one of the cell types that makes that particular

protein from the code.

Some proteins are expressed constitutionally in a particular cell type,

meaning that these cells always synthesize this protein at a certain rate

regardless of circumstances. For example, eNOS is an enzyme that is

constitutionally expressed in endothelial cells—the cells that line the interior of

blood vessels. Its close cousin, iNOS (inducible NOS), is expressed in immune

cells, but only when induced by certain circumstances, such as a bacterial

infection. As we talked about in chapter 5, another term used by biologists is

“upregulated” (and its counterpart “downregulated”). A protein is upregulated

in response to certain signaling molecules, which are often cytokines. This

means that the cell increases the rate at which it makes that protein. The rate

of synthesis of a given protein might increase a thousandfold in response to a

signaling molecule.

The liver produces many proteins with various functions, but a few are

especially important. Doctors routinely measure the levels of some of these

proteins in the blood and use the results as an indicator that the patient may

be suffering from liver disease. In particular, high serum levels of alanine

aminotransferase (ALT) and aspartate aminotransferase (AST) are used as

metrics of liver disease. Another less often used metric is γ-glutamyl

transpeptidase (GGT), an enzyme that breaks down glutathione. Higher than

normal levels of GGT are associated with liver disease, as well as with



diabetes, obesity, and cancer.6 Then there’s malondialdehyde, which is a

nonprotein indicator of oxidative stress. The levels of AST, ALT, GGT, and

malondialdehyde are regularly measured in laboratory, animal, and human

studies when researchers want to assess whether a chemical might be toxic.

Progressive Liver Disease

Your doctor may have told you at some point that drinking too much alcohol

can cause fatty liver disease. Nonalcoholic fatty liver disease (NAFLD), on the

other hand, is a liver disease that is not caused by alcohol. It has become a

global epidemic, and it is the most common cause of chronic liver problems

worldwide.7 In the United States alone, an estimated 80 to 100 million

Americans have been diagnosed with NAFLD. That’s equivalent to the entire

population of Vietnam.

NAFLD is characterized by the accumulation of fat in the liver (steatosis),

along with liver inflammation. This leads to fluid accumulation and scarring,

and is a precursor to even more serious problems: hardening of the liver, liver

cancer, and liver failure. One study of 156 obese children and young adults,

ages 5 to 20, found that 19 percent were suffering from NAFLD. It’s the most

common form of liver disease in children, and incidents of nonalcoholic fatty

liver disease have more than doubled in the last two decades.8 People of all

ages suffer from it. Obesity is a risk factor, although thin people are being

increasingly diagnosed, as well.

NAFLD can be asymptomatic, at least initially. But it can also lead to

something called nonalcoholic steatohepatitis, or NASH. Cases of NASH are

increasing exponentially in the United States.9 In 2002, NASH was the primary

reason for liver transplants for 3 percent of patients. But in 2011, it was the

primary reason in 19 percent of patients, a sixfold increase in less than a

decade.10 NASH is now the second most common reason for liver transplants

after hepatitis C.

NASH is a progressive liver disease, and there is no effective treatment for

it. It begins with excess accumulation of fats, often associated with oxidative

stress. NASH primes the liver for severe, sometimes lethal, scarring as well as

for a severe liver cancer called hepatocellular carcinoma. It can lead to damage



of cellular fats and mitochondria, and eventually to cell death and organ

failure. Fewer than half the people diagnosed with hepatocellular carcinoma

are still alive after two years.

NASH is significantly more common in people with brain disorders.

When 50,000 people with autism were compared to a larger cohort of people

without autism, those with autism were at nearly three times greater risk for

developing both nonalcoholic fatty liver disease and nonalcoholic

steatohepatitis.11 Disturbances in liver function, like disturbances in the gut,

can lead to disorders of the brain. When the liver can’t keep toxins out of the

blood, the brain is subjected to more exposure.

In a 2020 study, patients with biopsy-confirmed NASH had significantly

higher levels of glyphosate residues in their urine than people without liver

disease. Those with advanced disease had higher levels than those in an earlier

stage. And patients with the most severe scarring in their livers, a condition

called advanced fibrosis, had significantly higher levels of glyphosate than the

patients with less severe liver disease.12

Lousy Livers

One of the first organs to be damaged by glyphosate, the liver can be damaged

at levels of exposure considered environmentally “safe.”13 Liver damage, along

with kidney damage, was one of the most pronounced effects in the long-term

rat study conducted by Séralini and his team.14 Glyphosate levels in the

kidneys and livers of farm animals are approximately a hundredfold greater

than glyphosate levels found in fat or muscle.15

Dr. Ted Dupmeier, a veterinarian in Saskatchewan, Canada, argues that

feeding livestock glyphosate-contaminated genetically modified corn severely

compromises their health. A postmortem examination of the livers of cows

revealed “fat, large livers that were mottled and friable, or like sawdust inside.”

After removing feed that had been sprayed with glyphosate the herd became

much healthier.16

In a 2019 study, Pakistani scientists looked at the metabolic effects of

three levels of glyphosate exposure on rabbits.17 Exposed rabbits showed

negative effects that increased over time, and the higher doses of herbicide



resulted in the worst outcomes. That is, there was both a time-related and a

dose-related correlation with metabolic dysfunction. The rabbits’ white blood

cells and platelet counts went up, while their red blood cells and hematocrit

went down. (Hematocrit is the percent of red blood cells by volume in the

blood.) The red blood cells lost significant amounts of hemoglobin, which was

converted into bilirubin. A marker of hemoglobin breakdown, the presence of

bilirubin demonstrated that the red blood cells were damaged by glyphosate.

At the same time, other standard markers of liver disease increased, including

serum ALT, AST, alkaline phosphatase, urea, and creatinine. These are all

indicators of liver and kidney damage.

These results are consistent with other animal studies. Albino mice

exposed to a single dose of glyphosate and then sacrificed 72 hours later

showed classic metabolic markers indicative of liver and kidney disease.18 In

these mice, as in the rabbits, glyphosate induced a significant increase in serum

AST, ALT, urea, and creatinine. Glutathione levels in the mice were depleted,

an indicator of oxidative stress, and malondialdehyde levels were elevated in

the liver and kidney tissues. Higher frequencies of chromosomal aberrations

and micronuclei in the tissue samples confirmed oxidative damage to DNA, a

risk factor for cancer.

In 2018, Chinese researchers looked at effects to the livers of mouse

offspring whose mothers had been exposed to glyphosate during pregnancy.19

This study included measures of blood parameters related to fats and

cholesterol, as well as standard liver enzymes. The offspring did not do well.

The scientists found elevations in the serum of both AST and ALT as well as

enhanced liver expression of HMG coenzyme A (HMG-CoA) reductase, the

rate-limiting enzyme in cholesterol synthesis. The offspring also had

significantly elevated levels of serum total cholesterol, LDL, and triglycerides.

These findings are important. They suggest that glyphosate may be a primary

cause of elevated serum cholesterol in humans.

Even when rats are administered Roundup via drinking water at doses so

small they are deemed safe, their livers suffer. In fact, a detailed study of

protein expression in the damaged livers revealed characteristic features of

severe liver disease.20 If we see these effects when animals are given very low

doses, what happens when they receive high doses? In 2018, scientists in Egypt

looked at the high-dose effects on albino rats, administering 25, 50, and 100



milligrams per kilogram of body weight of Roundup to the rats every day for

15 days. The effects on the liver were catastrophic: “increase of enzymes

activities of ALT and AST, cellular infiltration, many signs of nucleus

degeneration, focal necrosis, rarified cytoplasm, disorganization of cellular

organelles, and deposition of lipid droplets.” 21 These are truly devastating

morphological defects, and this study shows severe disruption of healthy tissue

courtesy of glyphosate.

In 2019, scientists in Tunisia replicated these results. They examined the

effect of high-dose glyphosate exposure to the liver function of rats and found

significant evidence of oxidative stress. They specifically saw increases in

malondialdehyde and damaged proteins and decreases in multiple

antioxidants: superoxide dismutase, catalase, glutathione, and vitamin C all

went down.22

Glorious Glutathione

One of the most important molecules we need to stay healthy and disease-free

is one that most people, even many health care professionals, have never heard

of: glutathione (which I told you about in chapter 5). This molecule is a master

of detoxification and a major antioxidant. I like to think of it as nature’s mop.

Like a mop, glutathione combines with toxic molecules and ushers them out

of the body. It also mops up free radicals that would otherwise damage tissues.

Glutathione is almost universally found in living organisms. Bacteria, fungi,

plants, animals, and humans all make use of it. Present in the liver in large

amounts, glutathione is assembled from three amino acids: glutamate,

cysteine, and glycine.

Glutathione protects liver cells against oxidation damage. The liver, as it

goes about its business of detoxifying fat-soluble toxins and toxic chemicals,

needs lots of glutathione to keep it safe. In the immediate presence of

glyphosate, the body will make more glutathione. But in the long term,

glutathione levels will fall and become depleted. Plants get similarly stressed,

even though they don’t have livers, of course.23 Glyphosate causes plants,

including corn, peas, peanuts, and wheat, to upregulate glutathione and

glutathione S-transferase, an enzyme that conjugates glutathione to multiple

toxic chemicals to make them more water soluble so that they can be cleared.



It’s unlikely that glyphosate itself gets conjugated to glutathione. It’s more

likely that glyphosate interferes with other detoxification channels, and as a

result glutathione is upregulated. Even at low levels, glyphosate has been

shown to induce oxidative stress. However, as I discuss below, glyphosate

could also get incorporated into glutathione, by substituting for the glycine

residue it contains.

When rats were exposed to glyphosate over a period of eight weeks, the

glutathione in their blood, brain, heart, liver, and kidneys was greatly

reduced.24 At the same time, their malondialdehyde levels increased

significantly. This suggests that, over time, the rats were unable to maintain

adequate supplies of glutathione to counter the oxidative damage induced by

glyphosate. In a 2012 study, scientists found that Roundup caused an elevation

in GGT levels in the blood of exposed rats at 50 or 500 mg per kilogram of

body weight over 15 days.25 Remember that GGT breaks down glutathione.

Plants consistently increase synthesis of glutathione in the presence of

glyphosate, as do animals. But over time glutathione levels fall.

An explanation for this phenomenon is that glyphosate is substituting for

the glycine in glutathione, preventing the glutathione from functioning

properly. Glycine is the last amino acid in the tripeptide glutathione sequence.

This would, theoretically, make it easy for glyphosate to substitute. Defective

tripeptides would then need to be disassembled by GGT, for the possibility of a

healthy reassembly without the glyphosate substitution. Glyphosate’s

substitution for glycine in glutathione synthesis would kick off a futile cycle of

synthesis and degradation.

We talked about the importance of sulfur in chapter 6. As it so happens,

glutathione is a stored form of sulfur. One of its three amino acids, cysteine, is

a sulfur-containing amino acid and all three amino acids in glutathione are

critical for sulfate synthesis. Glutamate and glycine are both needed to make

heme, an essential cofactor for sulfate synthesis, and cysteine provides the

sulfur atom.26 So, in addition to its role as an antioxidant, glutathione is a

reserve resource to supply critical nutrients needed to produce sulfate when

sulfur levels in the blood become deficient. The idea that glyphosate is altering

glutathione by incorporating into it in place of glycine could explain the

impaired ability of animals exposed to glyphosate to handle oxidative stress



and detoxify fat-soluble chemicals, as well as their inability to maintain

adequate sulfate supplies in their blood vessels.

An Essential Enzyme

In chapter 3, I introduced you to phosphoenolpyruvate (PEP), one of the two

molecules that come together to form EPSP synthase, the enzyme that

glyphosate suppresses in the shikimate pathway. Now I’m going to introduce

you to phosphoenolpyruvate carboxykinase (PEPCK), an enzyme that plays

an essential role in gluconeogenesis by converting lactate, proteins, and fatty

acids to glucose in the liver. As you will see, there are remarkable parallels

between PEPCK and EPSP synthase.27 These similarities offer insight into

how glyphosate may be damaging the liver.

Children who are born with a rare genetic defect in PEPCK often have

many debilitating health problems.28 They often suffer from low blood sugar

and acute episodes of severe exhaustion, muscle cramping, and body weakness

due to the lactic acid buildup in the bloodstream. Complications from PEPCK

defects begin early in life, starting with a failure to thrive in infancy and

eventually leading to severe liver failure and kidney disease. People with this

condition also experience muscle weakness, developmental delays, seizures,

lethargy, microcephaly, and heart problems that can lead to heart failure.

I propose that glyphosate disrupts the function of the PEPCK in the liver.

Remember that glyphosate suppresses EPSP synthase by interfering with PEP

binding at a site where there is a highly conserved glycine residue and several

positively charged amino acids nearby.29 Glyphosate’s suppression of PEPCK

follows the same pattern. It interferes with PEP binding at a site where there is

a highly conserved glycine residue and several positively charged amino acids

nearby. This gets technical but I will walk you through it: The glycine residue

at position 237 in the enzyme PEPCK binds to its substrate oxaloacetate in

order to help secure it in place so that it can react with the other substrate,

GTP. So PEPCK does two things: It takes a carboxyl group off of oxaloacetate

and then adds phosphate (stolen from GTP) to it to produce PEP. It can also

run in the reverse direction starting with PEP. In this case, the first step is to

pry the phosphate loose from PEP, just like the first step in EPSP synthase’s



reaction. As in EPSP synthesis, the prying loose of the phosphate releases

energy to fuel the reaction.

There are also two positively charged arginine residues (R87 and R405)

that bind to the phosphate in PEP—remember that PEP stands for

phosphoenolpyruvate—securing it in place through their nitrogen atoms. Those

same arginine residues can be predicted to secure glyphosate’s

methylphosphonate as well, in the space where PEP should go. This suggests

that glyphosate would be well suited to substitute for the glycine residue at

location 237, clobbering the protein’s ability to bind PEP and thus destroying

its enzymatic activity. This phenomenon would affect PEPCK in the same way

that it affects EPSP synthase.

It’s also likely that glyphosate disrupts PEPCK by chelating manganese, a

catalyst for PEPCK, making it unavailable. We know that glyphosate exposure

severely depletes manganese in the serum of dairy cows.30 It also disrupts the

uptake of manganese in soy plants.31 We also know that manganese deficiency

induced in neonatal rat pups leads to a sharp reduction of PEPCK activity. In

fact, these infant rats have only 60 percent of the catalytic activity of normal

(that is, manganese-sufficient) rat pups. The resulting lower plasma glucose

levels in the first 2 days of life are often deadly.32

Scientists who manipulate the genome of mice can help us understand

the role that a particular protein plays in the body by virtue of its absence in

genetically engineered rodents. Such an experiment was conducted by a group

of university researchers who engineered mice to produce an inactive variant

of cytoplasmic PEPCK. These mice developed almost normally in utero, but

they suffered from a severe metabolic crisis after birth. They all died within 2

days.33

Looking for clues as to what went wrong, researchers carefully examined

the livers and blood of the mice. Normally, cytoplasmic PEPCK is not

expressed in the liver until birth. After birth, PEPCK is upregulated in

preparation for handling digested foods and using them to satisfy metabolic

needs. As you may recall, a crucial role for PEPCK is gluconeogenesis, which

is the synthesis of glucose from metabolic intermediates of the citric acid

cycle. These intermediates are small organic molecules such as malate and

oxaloacetate. Like the children suffering from a genetic defect in PEPCK, the



designer mice experienced a dramatic drop in blood sugar over their 48-hour

lifespan. In that short time, a significant amount of fat had already

accumulated in their livers.

This extensive lipid infiltration of the liver surprised the researchers, but

it is the key to understanding what happened.34 Among the metabolic

disturbances found in these mice were sharply elevated levels of the amino

acids alanine and aspartate in their blood, as well as elevated serum lactate and

triglycerides. When PEPCK isn’t functioning correctly, cells have a more

difficult time using lactate and fat as a source of energy in the citric acid cycle,

and this is why excess serum lactate and triglycerides are present in the blood.

This is consistent with what’s been observed in animals exposed to

glyphosate. Disruption of PEPCK can explain a lot of it. Fish exposed to levels

of glyphosate-based herbicides commonly found in the environment show

eerily similar effects as the genetically engineered mice.35 These fish have

elevated serum lactate and triglycerides, as well as elevations in the two

enzymes that synthesize alanine and aspartate. When PEPCK is broken,

oxaloacetate piles up and gets redirected toward aspartate synthesis. These fish

also have reduced levels of glucose in their livers, muscles, and blood,

consistent with impaired gluconeogenesis.

So, fish exposed to glyphosate-based formulations and mice with

defective PEPCK have similar metabolic derailments. Disruption of PEPCK by

glyphosate through substituting for its critical glycine residue could account

for these observed effects. Both glyphosate and defective PEPCK also cause

fatty liver disease. This further connects the dots.

When adult male rats are exposed to Roundup, they show similar

markers of oxidative stress and liver damage.36 Liver glycogen following

exposure is depleted in a dose-dependent relationship. This is highly

significant, because it can be explained by PEPCK deficiency. The liver can

generate glucose when blood levels fall dangerously low through two different

mechanisms: gluconeogenesis (which depends on PEPCK) or converting

stored glycogen back into glucose. But when gluconeogenesis is disrupted,

glycogen stores are used up to maintain an adequate level of blood sugar.

When a PEPCK gene is deleted in mice they show a dramatic drop in

liver glycogen compared to normal mice.37 Defective mice also have twice as



high plasma fatty acids and a 10-fold increase in liver malate, one of the

intermediates of the citric acid cycle. When a common freshwater fish known

for its hardiness was exposed to glyphosate, it was found, among other things,

that glyphosate suppressed activity of the enzyme in the citric acid cycle that

converts malate to oxaloacetate.38 This enzyme was probably suppressed

because the oxaloacetate could not be processed to PEP by a broken PEPCK

enzyme. The intermediates of the citric acid cycle, oxaloacetate and malate,

pile up because their channeling into gluconeogenesis is blocked when PEPCK

is defective.

While PEPCK is highly expressed in the liver and kidney, it is also

expressed in other tissues. One fascinating study involved engineering designer

mice to have PEPCK deficiency only in the liver.39 The deficiency led to a

buildup of intermediates in the citric acid cycle, which blocked their livers’

ability to metabolize fats. The mice consequently developed fatty liver disease.

It appears, in other words, that glyphosate’s suppression of PEPCK may be the

primary explanation for its association with fatty liver disease.

A genetic defect of the PEPCK enzyme can have dire consequences.

Glyphosate’s effect may not be as dramatic as a genetic mutation where all

PEPCK molecules are affected, but it does explain how glyphosate could cause

fatty liver disease. It also explains the strong association between the rise in

type 2 diabetes and the rise in glyphosate usage on core crops. When PEPCK

is defective, the set point for blood sugar becomes elevated, because there is a

constant threat of blood sugar becoming dangerously low. Better to have an

extra buffer of sugar in the blood at all times than to risk going into a coma

when it suddenly drops. The liver can’t rapidly increase sugar supplies through

gluconeogenesis when muscle activity drives sugar down too rapidly. The

constant supply of excess sugar in the blood causes glycation damage to blood

proteins and lipids. These damaged molecules are collectively known as

advanced glycation end products, and they induce an inflammatory response

linked to many modern diseases, including diabetes, heart, kidney, and

neurodegenerative diseases.40

Born to Run



PEPCK also plays an extraordinary role in muscle. Most of us lift weights or

exercise so that we can be strong and improve our body image. But skeletal

muscles, which collectively represent significant body mass, also play an

important role in metabolism. Especially under conditions of intense exercise,

our muscles consume enormous amounts of energy.

We’ve been taught that exercise is one of the most important things we

can do to improve our long-term health. Longevity research shows that

movement throughout the day is particularly beneficial. A fascinating

experiment with a special group of designer mice seem to bear this out.

Interested in learning more about the role PEPCK plays in muscles,

researchers from Cleveland, Ohio, genetically engineered mice to overexpress

PEPCK in their skeletal muscles by up to 10 times the amount of PEPCK that

normal mice would make. The researchers had no idea what to expect. The

paper they subsequently published expressed the astonishment they felt at

their findings. It was called “Born to run; the story of the PEPCK-Cmus

mouse.” (PEPCK-Cmus refers to excess amounts of PEPCK expressed in the

cytoplasm (C) in the muscles (mus).41)

These mice, the researchers discovered, were extremely energetic! They

were 7 to 10 times more active in their cages than the control mice, and they

were able to run on the treadmill for long sessions without a break. They also

ate almost twice as much as normal mouselings. But because of their extreme

hyperactivity, they were also smaller and leaner. The designer mice also lived

longer than the controls and were more fertile. They had a greatly increased

number of mitochondria in their muscles. Their excess PEPCK pulled

intermediates like oxaloacetate out of the citric acid cycle, which were then

used via the intermediary PEP to produce glycerol. Glycerol, in turn, allowed

the mice to synthesize triglycerides in their muscles that could fuel the

mitochondria instead of sugar. Their muscles burned a tremendous amount of

fat, which also protected them from obesity.

This study shows that PEPCK can be tremendously beneficial in the

muscles. But what happens when muscles have insufficient PEPCK? As you

might expect from the research on designer mice, PEPCK deficiency leads to a

substantial decrease in activity and energy, a reduced number of muscle

mitochondria, lower muscle mass, impaired ability of muscles to use fat as an



energy source, and the accumulation of triglycerides in the blood, leading to

their deposit into abdominal fat.

As I mentioned in chapter 3, sitting all day can be detrimental to your

health. Our sedentary lifestyle, combined with a standard American diet (aptly

nicknamed SAD), can cause us to accumulate excess abdominal fat. Americans

are often accused of being slothful. We don’t exercise enough, we drink too

much beer, and we watch too much TV. It’s no wonder we have an epidemic

of obesity in the United States. It must be our fault. Right?

Not so fast.

We have also seen a sharp rise in chronic fatigue syndrome, a mysterious

condition that baffles health care professionals. Chronic fatigue syndrome first

emerged after glyphosate was introduced into the food chain. While

experiments in laboratory animals produce clear and quantifiable effects,

humans are admittedly more complicated. There are always a number of

variables at play, so it’s difficult, if not impossible, to assert that Cause X

produces Effect Y in humans. But a growing body of scientific literature shows

that glyphosate is disrupting PEPCK in the skeletal muscles, causing impaired

utilization of lipids as a fuel source and a reduction in their mitochondrial

supply, leaving the muscles impaired in their ability to perform sufficient

exercise and a general sense of physical exhaustion. Is it possible that we’re not

so lazy after all, but that a combination of contaminated poor-quality food and

overexposure to other persistent environmental poisons is what is making us

fat and unhealthy? Is the slow kill, courtesy of glyphosate and other toxic

chemicals, why so many of us feel so depleted so often?

Feeding Ractopamine to Livestock

The United States is the world’s largest producer of beef, supplying 20 percent

of the world market, and it is home to nearly 800 million acres of grazing and

pasturelands, both public and privately owned.42 But many people don’t

realize that most beef cattle spend only the first year of their short lives out in

the open. After that, they are shipped to concentrated animal feeding

operations (CAFOs), where they are fed processed GMO Roundup Ready

corn, supplemented with soybean meal, wheat middlings, barley, cottonseed,

and sugar beets. These foods are often highly contaminated with glyphosate.



There’s another controversial practice common in the United States:

Ranchers feed the drug ractopamine to livestock to accelerate their growth.

They use this drug to increase the ratio of muscle to fat in the animals, largely

in response to consumer demand for leaner meats; this demand having risen

over the past 15 years.43 Developed by Eli Lilly and Company, ractopamine is

incorporated into pig feed in a product known as Paylean, fed to cattle in a

product called Optaflexx, and fed to turkeys in a product known as Tomax. At

least 160 nations have banned the use of ractopamine, including Russia, China,

Taiwan, and all the members of the European Union. Why? Because it acts as

an adrenaline analogue. It can cause increased heart rate, tremors, headaches,

muscle spasms, and high blood pressure.44

Ractopamine stimulates the adrenaline receptors in the muscles,

inducing a complex signaling response to alter muscle metabolism. Which

proteins are disrupted in response to ractopamine? You guessed it: PEPCK.

When more PEPCK is produced, the muscles are better able to metabolize

fats.45 Ractopamine induces a metabolic profile in livestock analogous to the

one induced in the born-to-run designer mice. It partially offsets the damage

done by glyphosate by increasing the expression of an enzyme whose activity

is suppressed by glyphosate. Without ractopamine, the meat from these

glyphosate-exposed animals is likely to be fatty and unpalatable. But with it, it

is likely to cause harm to humans who consume it.

A Clogged Filter

The liver is one of the most important organs in the body, and one of the

organs most severely affected by glyphosate. All the metrics that we use to

assess impaired liver function—elevated levels of serum AST, ALT, and GGT,

low liver glutathione, high ratio of GSSG to GSH, and excess creatinine and

urea—have been found to be associated with glyphosate exposure in animal

studies. Humans with liver disease have higher levels of glyphosate in their

urine than those with healthy livers. Glyphosate at doses below regulatory

limits caused fatty liver disease in rats, and fatty liver disease is an epidemic

among humans today, even among young people.

While I am not aware of any science that has explicitly examined whether

glyphosate disrupts PEPCK, there is a strong argument that it does, based on



analogies with its effects on EPSP synthase. Further support comes from the

fact that PEPCK deficiency leads to the same disease profile that is observed

with glyphosate exposure. If glyphosate does disrupt PEPCK, it would impact

the muscles as well as the liver. This may partially explain the epidemic we see

today in obesity and the rise in chronic fatigue disorders.

Think of the liver as the body’s filtration system. Now imagine that filter

clogged with junk and pitted with holes and tears. The human liver is

astonishingly resilient. But it takes the lead in so many vital functions in our

bodies that even a small amount of damage to the liver can have diverse and

catastrophic consequences. When we slowly poison our liver, we compromise

its ability to protect us.



— CHAPTER 8 —

Reproduction and Early Development

We have no treatments for improving sperm production in infertile men,

and we have no idea about what is the cause of the condition.

—PROFESSOR RICHARD SHARPE, reproductive

endocrinologist, The University of Edinburgh

If you’re young and trying not to reproduce, getting pregnant might feel easy.

But many women today delay pregnancy while they develop a career, and then

find it a challenge to conceive when they start trying in their 30s. Conception

is actually quite difficult. An astonishing number of biochemical processes

must synchronize in order for an egg from a woman’s body to leave her ovary,

travel through the fallopian tube, and become fertilized by healthy sperm.

Once the egg and sperm are joined they form a blastocyst. That blastocyst

then must successfully implant into the lining of the woman’s uterus,

burrowing beneath the surface and starting its frenzied journey of cell division

and growth. It quickly divides itself into cells that will work together to

become a specialized organ that will nourish the baby, the placenta, and the

cells that will grow into the actual baby.

The odds haven’t always been quite so stacked against parenthood,

however. In the United States, birth rates have been dropping steadily for more

than a decade. The year 2018 had the lowest birth rate in 35 years. And while

most conversations about birth rate and population tend to focus on political

aspects—access to abortion, access to birth control, fewer teen pregnancies, a

decline in marriage, young people’s desire to establish careers before starting a

family, even climate change, and GDP—that’s not the entire story. Biological

reasons also exist, and they’re significant: One out of every seven couples of



childbearing age worldwide is infertile; in about 30 to 50 percent of these

cases, it’s the male partner.1 In 2017, nearly 2 percent of babies born in the

United States were conceived with the help of assisted reproductive

techniques.2

Many people find it hard to believe that, in addition to difficulty getting

pregnant, complications during pregnancy are also widespread in the United

States, and that our maternal mortality rates are among the highest in the

industrialized world.3 High blood pressure, heart problems, obesity, medical

mistakes, and postpartum hemorrhage are some of the complications that lead

to maternal death.4 A sad fact: The maternal mortality rate in the United

States more than doubled between 1987 and 2015. Yet, at the same time,

maternal death rates declined in other developed nations.

It’s not just that women are having trouble getting pregnant, staying

pregnant, and surviving pregnancy and childbirth. We also have a high rate of

premature births. Many newborns struggle to survive and thrive. The United

States lags behind most other industrialized nations in child mortality,

especially in infant mortality. In fact, the United States has the highest rate of

death on the first day of life among industrialized nations.5

What all this tells us is that, while some people argue that pregnancy,

childbirth, and life in general are much safer now than they were in the past,

there are, in fact, abundant reasons for concern. Many of those reasons are

uniquely modern: maternal age, weight, drug use (recreational drugs and

pharmaceutical drugs such as the birth control pill), exposure to radiation and

tobacco smoke, food, genetics, underlying health problems, and, most notably

for our purposes, exposure to toxic chemicals. Exposure to such varied

substances as fungicides, jet fuel, bisphenol A, DEET, and atrazine can have

profound effects on germ cells during pregnancy.6

We should therefore be alarmed that glyphosate-based herbicides are also

showing up in the bodies of pregnant women. When 71 pregnant women

ranging in age from 18 to 39 years old were tested in central Indiana,

glyphosate was detected in 93 percent of their urine samples.7 The women

provided two urine samples at different points during pregnancy, as well as a

water sample from their homes. Women living in rural areas had higher levels

of glyphosate than those living in urban areas. Could this be from direct



exposure from neighboring farms? We know that glyphosate can pass through

the placenta and into the baby’s body. It’s been found in the umbilical cord

blood.8 We also know it can also pass through breast milk, and it has been

found in the serum of maternally exposed offspring.9

Hormones Matter

The endocrine system is a complex high-level regulatory system. Glands such

as the adrenal glands, the pancreas, the thyroid gland, the sex glands, and the

master pituitary gland release hormones that travel throughout the

bloodstream as chemical messengers influencing your appetite, metabolism,

moods, sleep, and more. A large number of toxic chemicals are endocrine

disruptors. They either bind at the receptors to block signaling, falsely signal,

or disrupt the synthesis or the transport of the hormones. Endocrine-

disrupting chemicals, which can cause infertility, are often more detrimental at

lower doses than higher doses, defying the commonly held notion that “the

dose makes the poison.”10 Indeed, pregnancy complications, miscarriage, and

birth defects tend to occur more frequently when pregnant woman are

exposed to lower doses of endocrine disruptors. The timing of the exposure

also matters.11

In 2003, scientists from Brazil discovered that glyphosate-based

formulations such as Roundup disrupt the endocrine system.12 These

researchers exposed pregnant rats with relatively high doses of Roundup from

day 6 to day 15 of gestation. (Rats are usually pregnant for about 21 to 23

days.) On day 21, the pups were removed via C-section. The baby rats were

then examined for teratogenic effects, or birth defects. The researchers found

that the lower the exposure level, the more pronounced the pups’ health

problems. Two percent of the pups in the low-dose group showed congenital

deformities. Only 0.6 percent of the pups in the medium-dose group showed

congenital deformities. And none of the pups in the high-exposure group did.

The results raise the question: If the effects were this pronounced in the pups

of dams exposed to the smallest amounts of glyphosate, what might happen to

pregnant mammals exposed to even lower doses?



While the pups exposed to the lowest doses suffered the most, nearly all

the babies with any exposure had retarded skeletal development as well as

anasarca, a severe and generalized form of edema with widespread tissue

swelling beneath the skin, usually related to liver, kidney, or heart failure.

Meanwhile, the pregnant dams in the group with the highest exposure died

within three weeks.

A review paper published in 2020 examined a large body of peer-reviewed

research on glyphosate, with a specific focus on looking for evidence that

glyphosate is an endocrine disruptor. It found that glyphosate exhibited 8 out

of 10 key characteristics of an endocrine disruptor.13 Among other effects,

glyphosate has been found to disrupt thyroid hormone regulation; to suppress

testosterone synthesis; to inhibit a critical developmental enzyme, known as

aromatase, that converts testosterone to estrogen; and to act as the estrogen

receptor to enhance estrogenic signaling in breast cancer cells.

Testosterone Troubles

How toxic is glyphosate to sperm? In 2018, researchers in Greece exposed

human sperm in vitro to a relatively low concentration of 1 mg/L of

Roundup. They found that Roundup had a deleterious effect on sperm

motility associated with mitochondrial dysfunction.14

Atrazine is another herbicide with a long and ugly past. Invented and

manufactured by the agrochemical company Syngenta, atrazine has been

linked to complete feminization of male frogs through chemical castration.15

In fact, most researchers consider atrazine to be more dangerous than

glyphosate. In 2015, a group of Nigerian scientists studied glyphosate’s safety

profile compared to atrazine and found something surprising. Testosterone

levels, sperm motility, sperm counts, live/dead ratio, and the weight of the

epididymis (the duct behind the testis that passes sperm to the vas deferens)

were all lower in male rats exposed to glyphosate compared to those exposed

to atrazine. Exposure to both chemicals simultaneously produced even worse

effects on sperm, testosterone synthesis, and male reproductive organs.16

How do the male pups of pregnant dams exposed to glyphosate fare? Not

well. In a 2019 study, female rats were given glyphosate in their drinking water



at three different concentrations: 0.5 milligram per kilogram of body weight

per day; 5 milligrams per kilogram of body weight per day; and 50 milligrams

per kilogram of body weight per day.17 All the rats exposed to glyphosate gave

birth to male offspring with fertility problems. Even at the two lower levels of

exposure, the male offspring had visibly deformed testes and low testosterone.

Perhaps most surprising was that the pups of the dams exposed to the lowest

amount of glyphosate—0.5 mg/kg/day—had an 89 percent decrease in their

sperm count.18 While some scientists argue that it is the added ingredients, the

adjuvants and surfactants, in glyphosate formulations that damage the sex

organs and endocrine system, this particular study is significant because it

shows without a doubt that glyphosate itself can cause reproductive defects

and abnormalities.

Also in 2019, an international team of researchers led by Italian scientists

exposed pregnant rat dams to Roundup via drinking water throughout

gestation and for 13 weeks after weaning. The rats were given daily dosages

comparable to those considered “safe” for humans, which according to the US

acceptable daily intake (ADI) is 1.75 milligrams per kilogram of body weight

per day. But the Roundup was anything but safe. Among other pathologies,

female offspring whose moms were exposed to Roundup had abnormally high

levels of testosterone.19

Yet another 2019 study examined what happens to mice and their

offspring when they are exposed to glyphosate during gestation and lactation.

The scientists used a concentration of 0.5 percent Roundup in the mice’s

drinking water and, again, the male offspring suffered serious health effects:

delayed testicular descent, reduced sperm counts, and structural alterations

inside their testes. These young mice also had increased concentrations of

luteinizing hormone, which stimulates the production of testosterone from

Leydig cells, causing an increase in testosterone in their testicles.20 The mice

were likely making more testosterone to compensate for their bodies’ reduced

ability to make sperm. At least five other studies from the United States and

Argentina, all published in 2020, confirm these findings: Glyphosate-based

herbicides are endocrine disruptors that decrease fertility when offspring are

exposed during critical moments of their development.21



Disrupting Leydig Cells

Leydig cells are testosterone-producing cells in the testes that have large round

nuclei. Roundup inhibits hormone production in these cells primarily by

disrupting a protein called steroidogenic acute regulatory protein, or StAR,

that regulates testosterone synthesis.22 Roundup exposure at a level that is not

toxic to Leydig cells themselves can block hormone production by 94 percent

and reduce the activity of the regulating protein by 90 percent. This protein

controls the rate-limiting step in hormone synthesis in both the adrenal glands

and the testes. The amount of regulatory protein synthesized by Leydig cells

does not change in the presence of glyphosate, but the protein’s enzymatic

activity is suppressed.

Why is this happening? Glyphosate and glyphosate-based herbicides

likely suppress PEPCK activity in the testes. PEPCK, important for protecting

the body from fatty liver disease, diabetes, oxalate toxicity, and neonatal

hypoglycemia, is also essential to activate steroid synthesis, including sex

hormones.23 PEPCK increases mitochondrial activity to generate ATP, and

Leydig cells depend on ATP to modify the regulatory protein StAR.24 With

insufficient ATP due to suppressed PEPCK activity, the enzyme remains

quiescent and testosterone cannot be synthesized. We know that healthy cells

are more sensitive to mitochondrial disruption than cancer cells, which rely on

glycolysis outside of the mitochondria to supply their energy needs. Because

StAR controls cholesterol transport into the mitochondria where the

enzymatic conversion of cholesterol to testosterone takes place, this research

also suggests that glyphosate is playing a role in disrupting mitochondria.

Might this be a reason for the seemingly inexplicable and incurable

mitochondrial dysfunction we are seeing in some children?

The enzyme PEPCK is critical for synthesizing testosterone, which is

derived from cholesterol, in the testes.25 Through an elegant set of

experiments, a large group of researchers in South Korea confirmed that

luteinizing hormone, which is released by the pituitary gland as puberty

approaches, induces the expression of PEPCK in the testes, and that

suppression of PEPCK interferes with testosterone synthesis. Isocaproic acid is

a fatty acid and byproduct of the cholesterol metabolism that is needed to

synthesize testosterone. In healthy cells, isocaproic acid is then channeled into



the citric acid cycle to produce ATP, which is also needed to produce

testosterone. However, if PEPCK is dysfunctional, intermediates do not get

removed from the citric acid cycle, preventing the metabolism of fats.

Long QT syndrome is an electrical problem in the heart, causing it to

take longer than normal to recharge between beats. It leads to an irregular

heart rhythm, which can cause sudden cardiac arrest, and it’s often the cause

of death in people who commit suicide by drinking glyphosate-based

herbicides.26 One explanation may be the disruption of testosterone synthesis

by the Leydig cells. Androgen-deprivation drugs, which are used to treat

prostate cancer by suppressing the synthesis of testosterone, put cancer

patients at substantially increased risk of having long QT syndrome.27

Testosterone supplementation, on the other hand, has been shown to shorten

that elongated interval, protecting the heart against this syndrome.28

String of Pearls

A woman’s ovaries continuously grow egg-containing follicles, one of which

gets released every month. If the eggs are not released during ovulation,

however, the ovaries can grow enlarged and the lining of the uterus can

become inflamed. If you see inflamed, fluid-filled cysts in the ovaries on an

ultrasound image, they look a lot like a string of pearls.

Polycystic ovary syndrome (PCOS) is one of the most common causes of

female infertility and endocrine disorders in women, although some argue

that it’s actually underdiagnosed.29 It is associated with an accumulation of

cysts (fluid-filled sacs), which are egg follicles that didn’t get released during

ovulation. This condition affects as many as 20 percent of women

worldwide.30 It’s categorized by painful menstrual periods, excess body hair,

acne, and dark patches on the skin. Three-quarters of women with PCOS

struggle to get pregnant.31 Some scientists believe that, because it disrupts the

gut microbiome and induces leaky gut syndrome, glyphosate can contribute

to PCOS.32 Elevated levels of zonulin, the protein that modulates permeability

of the digestive tract, are associated with PCOS.

Another characteristic of PCOS is an abnormally high level of male

hormones such as androstenedione and testosterone. This characteristic is



called hyperandrogenism. In addition to irregular menstrual cycles and

hirsutism (a male pattern of hair growth), women with PCOS often suffer

from classic features of metabolic syndrome: obesity, insulin resistance, and an

increased risk of developing type 2 diabetes and cardiovascular disease.33

Women with PCOS also have a higher risk of having children with autism.34

Researchers have struggled to find genetic links to PCOS, and for the

most part they have struck out. Most women with PCOS don’t have any

obvious genetic mutation to account for their disease. At the same time, an

abundance of scientific evidence suggests that PCOS is environmentally

induced. Suppressed activity of at least three different enzymes involved in

steroid metabolism have been found in association with PCOS: hexose-6-

phosphate dehydrogenase (H6PD),35 aromatase (a CYP enzyme),36 and PAPS

synthase (the enzyme that activates sulfate).37 As we’ve discussed in previous

chapters, all three enzymes are disrupted by glyphosate through glycine

substitution.

Glyphosate’s disruption of aromatase further imbalances sex hormone

production. Aromatase is the key enzyme responsible for converting

testosterone to estrogen. When aromatase can’t turn testosterone into

estrogen, testosterone builds up and estrogen becomes deficient. Glyphosate’s

suppressive effects on aromatase have been directly demonstrated. Human

placental cells exposed to Roundup at concentrations a hundred times lower

than the recommended use in agriculture show disruption of the activity of

aromatase.38 This dovetails with experiments that show that glyphosate

disrupts CYP enzymes in rat liver, since aromatase is a CYP enzyme.

Sex hormone binding protein (SHBP) is a group of proteins (a.k.a. a

globulin) that is produced in the liver and circulates in the blood. As the name

suggests, SHBP binds to the sex hormones, reducing their bioavailability.

Androgens (“male” hormones) decrease expression of SHBP, making sex

hormones more bioactive. Fat tissue, while once viewed as basically inert, is

actually an endocrine organ, and fat cells have the capacity to produce sex

hormones. When synthesis of DHEA sulfate is blocked by glyphosate, fat cells

produce more sex hormones, and, when aromatase is blocked, they produce

more androgens relative to estrogen. These endocrine disruptions cause

increased bioavailability of the overproduced androgens, leading to PCOS.



Low levels of SHBP are also a strong predictor of type 2 diabetes in both

women and men.39

A woman with both abundant fat tissue and who is chronically exposed

to glyphosate has a big problem. Glyphosate interferes with DHEA sulfation,

and this causes the fat cells to make more sex hormones. The fat cells make

more androgens relative to estrogens because glyphosate blocks aromatase.

Androgen overexpression decreases the supply of SHBP, which then increases

the activity of the androgens. This is a direct path to polycystic ovary

syndrome. Low SHBP is a marker for diabetes, and obesity is a risk factor.

DHEA Sulfate and Anencephaly

You may remember from chapter 6 that DHEA sulfate is severely depressed in

association with a developmental disorder called anencephaly, where a child is

born without a cerebral cortex. Dr. Gregory Nigh, an oncologist based in

Portland, Oregon, and I published a paper in 2017 explaining the myriad ways,

including through disruption of DHEA sulfate, that glyphosate could be

expected to cause anencephaly and other neural tube defects.40 Defects in

neural tube closure occur in 1 in 1,000 births, making this the second most

common birth defect.41

There was a bizarre epidemic of anencephaly in Yakima, Benton, and

Franklin Counties in Washington State during 2012–2013. Researchers

investigated many factors to identify what the victims had in common, but

they struck out and were baffled.42 They did not think to investigate a

glyphosate link, because glyphosate is presumed to be nontoxic to humans.

However, when Dr. Don Huber investigated the situation, he discovered that,

in 2010, 2011, and 2012, significant amounts of glyphosate in the formulation

Rodeo were dumped into the three local rivers to control invasive aquatic

weeds. These rivers provide irrigation and drinking water to these three

counties. Within two years, farm workers began to experience an

exceptionally high rate of anencephaly and miscarriage.43

Vitamin A and Methylation Pathways



Vitamin A plays a critical role in embryonic development. Although it’s

essential for the proper development of a fetus in the womb, too much

vitamin A can be harmful to both the mom and her unborn baby. Vitamin A is

expressed at critical developmental stages and then quickly cleared by

specialized enzymes. Several different CYP enzymes are involved in

metabolizing vitamin A.44 One is essential for embryonic development and

another is essential for both postnatal survival and germ cell development.

In African clawed frog embryos as well as in chicken embryos,

glyphosate exposure, whether as pure glyphosate or as part of a formulation,

results in impaired neural tube development, leading to teratogenic effects

such as microcephaly and cyclopia (a single eye in the center of the head).45

The reason for these grotesque deformities seems to be an increase in activity

of retinoic acid, a metabolite of vitamin A, in exposed embryos. In fact,

teratogenic effects can be reversed by cotreatment with a retinoic acid

antagonist.

What do African clawed frogs and chickens have to do with humans?

Hospital records for 21,844 newborns in Argentina from over 850,000 births

between 1994 and 2007 revealed a concentration of birth defects in the central

region of Córdoba province, an agricultural area where maize, soy, and wheat

predominate and where glyphosate is heavily used on crops.46 Indeed,

scientists have found significantly higher incidences of multiple congenital

disorders within the Córdoba province, including neural tube defects (spina

bifida among them), microtia (underdevelopment of the outer ear), cleft lip,

cleft palate, polycystic kidneys, polydactyly (extra fingers or toes), and Down

syndrome. Many of these are associated with vitamin A toxicity.

Experiments on mice have demonstrated that exposure to high levels of

dietary vitamin A could lead to neural tube defects. This is especially true

when the mice were fed a diet high in folic acid and methyl donors such as

methionine, betaine, and choline.47 (Methyl donors are nutrients that carry

methyl groups, and folic acid facilitates their transfer from one molecule to

another.) This is ironic and surprising, because low folic acid is also linked to

neural tube defects, which is why pregnant women are exhorted to take folic

acid. The fact that low folic acid and high folic acid are both problematic

suggests that it is absolutely critical for retinoic acid to be swiftly metabolized



by CYP enzymes in order to precisely control the timing of various stages of

development.

A Farmer in France

A case study of a farmer whose three children suffered from an unusual

number of genetic defects reveals just how dangerous glyphosate can be. His

children’s health problems included defective anuses, stunted growth,

hypospadias (a birth defect where the opening of the urethra is on the

underside of the penis instead of on the tip), heart problems, and unusually

small penises.48 This farmer wore gloves while he hand-sprayed his crops with

glyphosate but did not don a breathing mask or protective suit.

French toxicologists measured the amount of glyphosate in the farmer’s

urine and found that he had no detectable amount immediately prior to

applying his crops with a glyphosate-based herbicide, but that the amount of

glyphosate in his urine quickly peaked to a high of 9.5 micrograms per liter

just 3 hours after he finished the herbicide application. This father’s exposure

was most likely from breathing it into his lungs and absorbing it through his

skin. Glyphosate was also detected in the urine of one of his children, despite

the fact that his family lived nearly a mile away from their fields. It’s unclear

how the child became exposed. The farmer may have tracked it home on his

clothing. Or the wind may have carried it f rom the field.

Seven Generations

Glyphosate has powerful epigenetic, transgenerational effects, something

scientists call generational toxicology.49 In epigenetics, a specific methylation

pattern can develop in the germ cells in utero, and this pattern can be passed

on intact through multiple future generations. In fact, sometimes the most

devastating effects often don’t appear until subsequent generations.

A carefully designed 2019 study at Washington State showcases this. For

this experiment, pregnant rats were exposed to very low doses of glyphosate

between the eighth and fourteenth days of gestation only. The dosing was

intentionally kept low, at half of the no observed adverse event level (NOAEL).

(This term is used universally for toxic chemicals and it refers to the level



below which animal experiments have been unable to observe harmful

effects.) There was no observable harm to the pregnant rats or their offspring.

While this should be a cause for celebration, there was a rub. The researchers

found dramatic increases in several severe health problems, most linked to

reproduction, in the second and third generations.50

The grandpups and great-grandpups of the exposed rats had damaged

ovaries, mammary glands, testes, and prostate glands—health problems that

could not be explained by anything else. The most common abnormalities

observed in the testes were atrophy and vacuoles, along with sloughed cells

and debris. The third-generation females had a 40 percent increase in kidney

disease, such as fluid-filled cysts and shrunken glomeruli, which is where

waste products are filtered in the kidney. A unique pathology rarely observed

in previous studies of other chemicals was glyphosate’s adverse effects on the

birthing process in future generations. Thirty percent of the second-

generation offspring either died during birth or gave birth to pups that died at

birth. There was also an inexplicably high obesity rate in the third generation.

A similar study published a year earlier, in 2018, involved exposing

pregnant rats to low doses of glyphosate beginning early in pregnancy and

during childbirth.51 Like the rats in the 2019 Washington State study, the

exposed dams in the 2018 study had no obvious health issues. However, their

first-generation descendants, although they appeared to develop normally, had

significant issues during pregnancy: placental stress, retarded fetal growth, and

premature birth. Remarkably, three offspring from three different mothers

suffered from extraordinarily rare genetic deformities (conjoined twins,

missing limbs), where, statistically, there should have been none.

How could it happen that a chemical that has no apparent effect on the

pregnant dam has such profound effects on her offspring and her offspring’s

offspring? Especially when the offspring’s exposure happens only in the womb?

A female fetus produces all of her eggs very early in the gestational cycle.

During the time when those eggs are being produced, they are extremely

sensitive to environmental insults. If her offspring are born alive and manage

to live into adulthood, insults from those exposures can lead to both genetic

mutations and epigenetic effects that can survive through multiple future

generations.



It’s said that the Iroquois have a belief that all people are connected by a

community that transcends time, from the very first people who walked the

Earth to those who have not yet taken their first steps. With this view in mind,

our job, as humans, is to bridge the gap between those who came before us

and those who are to come. “The Peacemaker taught us about the Seven

Generations,” Oren R. Lyons Jr., a human rights activist and member of the

Seneca tribe, explains. “He said, when you sit in council for the welfare of the

people, you must not think of yourself or of your family, not even of your

generation. He said, make your decisions on behalf of the seven generations

coming, so that they may enjoy what you have today.”52

Glyphosate’s unique and diabolical effects do not just affect those of us

who are alive today. Its toxic legacy will be passed down to the next generation

and beyond. Even when glyphosate exposure shows no obvious harm to an

animal during pregnancy and lactation, its progeny through multiple

generations have been found to suffer from congenital defects, brain damage,

endocrine disruption, and fatty liver disease.53 Even if we stopped all

production and use of glyphosate today, people may experience the fallout for

generations to come.



— CHAPTER 9 —

Neurological Disorders

The scientific research is now abundantly clear: toxic chemicals are

harming our children’s brain development. As a society, we can eliminate

or significantly lower these toxic chemical exposures and address

inadequate regulatory systems that have allowed their proliferation. These

steps can, in turn, reduce high rates of neurodevelopmental disorders.

—IRVA HERTZ-PICCIOTTO, PhD,

environmental epidemiologist

In 2018, a 66-year-old man attempted to commit suicide by drinking Roundup.

In the hospital, he was treated for glyphosate toxicity. But his condition

progressively worsened. He became disoriented, showed signs of amnesia, and

started hallucinating. His doctors had already ruled out the presence of a

tumor or an infection. Instead, he was diagnosed with acute toxic limbic

encephalitis, an acute inflammatory response in the brain. After five months,

this poor man was still suffering from amnesia, which was eventually

diagnosed as permanent. His hippocampus, a curved part of the brain that is

responsible for forming and storing memories and associated with learning

and emotions, had shrunk by 23 percent.1 To put this in perspective, a typical

rate of shrinkage for Alzheimer’s is 3.5 percent a year.

While most of us are not in danger of acute glyphosate poisoning,

anyone approaching retirement age is bound to be anxious about the

possibility of succumbing to a neurological disease such as Alzheimer’s,

Parkinson’s, multiple sclerosis, or ALS. An estimated 10 percent of people over

65 and an estimated 50 percent of people over 85 in the United States suffer

from Alzheimer’s.2 In 2017, dementia was the primary cause of 261,914



deaths, up from 84,000 in 2000.3 These CDC figures, based on death

certificates, are likely an underestimate, because people live with dementia for

many years before something more specific kills them. Some argue that we

humans are just living longer, so it makes sense that our brains are giving out,

but even adjusting for age, our dementia rates have more than doubled since

2000.4

As we discussed in chapter 4, Alzheimer’s disease is the dominant

subtype of dementia. It’s characterized by problems with memory and

executive function. A person suffering from late-stage Alzheimer’s can forget

such things as where they are, how to use a knife and fork, and how to go to

the toilet alone. They often need constant care. The pharmaceutical industry

has worked hard to come up with effective drugs to treat Alzheimer’s, but

there are no prescription medications that can arrest brain decline, let alone

reverse it.

Scientists have started to recognize that Alzheimer’s and autism have

much in common. The diagnosis of autism encompasses a spectrum of

disorders, f rom mild brain differences that some celebrate as neurodiversity to

severe and devastating neurological damage. A complex disorder, autism is

characterized by impairments in social interactions, a restricted repertoire of

interests, stereotyped repetitive activities, and decreased cognitive ability.

Between a quarter and a half of children with autism are nonverbal. Many will

never live independent lives. The average life expectancy of a person with

autism is only 36 years old.5 Researchers at the University of Texas Health

Science Center at San Antonio found that women with multiple chemical

sensitivities have three times the risk of having a child with autism, as well as

with other neurological disorders.6 Children of these moms are also more

prone to allergies. Multiple chemical sensitivities usually reflect excessive

lifetime exposure to toxic chemicals.7

Norwegian researcher Olav Christophersen identified the accelerated

rate of autism in the modern world as a canary in a coal mine. In 2012, when

the rates were significantly lower, Christophersen argued that autism may

pave the way to human extinction through a storm of mutations in our DNA

caused by environmental toxins.8 Cynthia Nevison, PhD, a Stanford-trained

atmospheric scientist who works at the University of Colorado Boulder,



examined whether the rise in autism was due to more prevalence or more

diagnosis. She found that the increase in autism since the 1980s is not just the

result of better diagnosis. Instead 75 to 80 percent of the increase is real.9 This

scientific analysis showed definitively that autism rates are rising. We can no

longer claim that doctors are simply diagnosing it more.

At the same time, Nevison conducted a statistical analysis of 10

environmentally toxic substances most closely linked to autism to see how

closely exposure to these substances mapped onto rising rates of autism

among America’s children. Her research revealed that lead, PCBs,

organochlorine pesticides, car emissions, and air pollution all had flat or

declining trends. That is, by 2014, when Nevison published this research,

exposure had sharply decreased. Nevison identified only three toxic exposures

that correlated strongly with autism: aluminum, polybrominated diphenyl

ethers (PBDEs, which are compounds used as flame retardants), and

glyphosate.

These are likely culprits. Aluminum is neurotoxic. When injected into

the body as an adjuvant in a vaccine, it is engulfed by macrophages that

transport it to stressed tissues, including the brain.10 As for PBDEs, they

disrupt the endocrine system. The association between exposure to PBDEs

and impaired neurodevelopment has been studied extensively.11 And then

there’s glyphosate. There is no question that glyphosate is contributing to the

rise in autism, as we’ll explore more in this chapter.

Toxic Combinations

The fact that exposures to other toxic chemicals may be contributing to brain

disorders shouldn’t diminish concern about glyphosate. These substances are

working synergistically to harm the brain in even greater ways than they

would independently. Aluminum is a good example. It binds to glyphosate.

Two glyphosate molecules wrap around an aluminum ion to hide its +3

charge, making it easier for aluminum to cross barriers.12

A great deal of recent research implicates aluminum as a causal factor of

brain inflammation characteristic of autism.13 Aluminum has also been

implicated in Alzheimer’s disease and dementia.14 Perhaps the best evidence



comes from studying dialysis encephalopathy, a condition that has been linked

to aluminum contamination in dialysis fluid for patients with kidney failure.15

Dr. Christopher Exley, a professor of bioinorganic chemistry at Keele

University in England, has also found high levels of aluminum in the

postmortem brains of children with autism.16

In a different study, Exley’s team analyzed aluminum distribution in the

postmortem brain of a woman who had been exposed to high amounts of

aluminum in the water supply over an extended period of time. The team

found that the aluminum was concentrated within her glial cells and

lymphocyte-like cells lining the choroid plexus.17 The choroid plexus is

embedded within the brain ventricles and is responsible for producing

cerebrospinal fluid. An inflammatory condition, perhaps induced by the

aluminum, had likely attracted the lymphocytes. This same pattern of

intracellular, non-neuronal distribution of aluminum is also a feature of the

autistic brains Exley and his team have studied.

The brain stem nuclei, including the pineal gland, are less protected from

toxic metals than the cerebral cortex, because they lie outside the blood-brain

barrier. A study examining concentrations of aluminum in various brain

tissues found twice as much in the pineal gland as in any other part of the

brain.18 But it’s also possible that glyphosate facilitates aluminum transport

across the blood-brain barrier. As glyphosate chelates aluminum, it cancels out

its +3 charge, making it easier for the aluminum-glyphosate complex to cross

barriers.19

Conventional researchers have had an almost myopic focus on genetic

underpinnings of autism. But it is becoming increasingly clear that the cause

of brain impairment is a complex interaction between genetics and the

environment.20 Autism is associated with a long list of co-occurring health

problems: gut dysbiosis, hormone imbalances, mineral deficiencies, heavy

metal poisoning, metabolite disturbances, and inflammatory markers. In 1943,

Dr. Leo Kanner, a psychiatrist at Johns Hopkins University, published a

seminal paper that described autism for the first time based on his study of

eleven children. Even at that time, when little was understood about autism

and almost nobody had heard of it, Dr. Kanner described it as an illness with

gastrointestinal disorders and dietary issues with behavioral manifestations.21



Analyzing data from over a thousand studies, James Lyons-Weiler, PhD,

developed a theory that autism risk is primarily due to genetic predisposition,

especially mutations that lead to loss of function in several important

biological pathways of development or detoxification, interacting with

environmental stressors.22 The more of these predisposition-exposure

combinations a person has, the greater the risk of brain dysfunction.

The largest and most recent investigation of pesticides and autism was

conducted in the agricultural region of California’s San Joaquin Valley.23

Examining pesticides and herbicides, including chlorpyrifos and glyphosate,

researchers found that pregnant women living within 1.2 miles of spray areas

were 30 percent more likely to have children with severe autism. An odds ratio

is a measure of the contribution of a particular factor to a disease. A high ratio

means a stronger effect. When multiple chemicals are involved, it is

computationally possible to tease out the effects of each chemical relative to

the effects of the others. After correcting for other pesticides applied

simultaneously, many of the elevated odds ratios became less pronounced in

this study, but glyphosate’s odds ratio increased once co-occurrence with other

pesticides was accounted for. The highest odds ratio was found for children

exposed to glyphosate during the first year of life.

How Glyphosate Harms the Brain

How could glyphosate be disrupting brain development? In several pernicious

ways: by causing disruption in crucial enzymes; causing glutamate

excitotoxicity; inducing yeast overgrowth; inducing gut dysbiosis; inducing

cobalamin deficiency and sulfate deficiency; provoking imbalances in short

chain fatty acids; provoking mitochondrial damage; and provoking thyroid

hormone deficiency, to name a few.

Glyphosate can be taken up by cells along glutamate transport channels

because, like the amino acid glutamate, it is negatively charged. This means it

can take advantage of existing amino acid transporters to gain access across

cell barriers that would otherwise be impermeable. For example, you know

that epithelial cells on the skin, organs, and urinary tract serve as a barrier and

are one mechanism of protection against invaders. But not against glyphosate.

Some epithelial cells grown in culture actively take up glyphosate. These



include epithelial cells that line the nasal cavity, the respiratory mucosa in the

lungs, and the gastrointestinal tract.24 This suggests that glyphosate may be

able to make its way into the brain via the nasal passages and that glyphosate

absorbed through the skin or ingested in contaminated food might also make

its way into the brain. Normally, a small water-soluble molecule such as

glyphosate would not be able to penetrate the blood-brain barrier, but one

study has shown that neurons grown in culture with cells that make up the

blood-brain barrier are vulnerable to glyphosate. Glyphosate seems to disrupt

barrier function and permeate the brain via amino acid transporters.25

One area of the brain especially susceptible to damage from disrupted

barrier function is the limbic system. The brain’s limbic system is mainly

concerned with emotions, memory, personality, appetite, social, and sexual

behavior. This region consists of the thalamus, the hypothalamus, the

amygdalae, and the hippocampus. Recall the 66-year-old man who attempted

suicide by drinking Roundup and the dramatic shrinkage of his hippocampus

that resulted. This tragic example is one of many that shows how the

hippocampus, in particular, is sensitive to glyphosate. Glyphosate induces

neurotoxicity in the hippocampus by overstimulating NMDA (N-methyl-D-

aspartate) receptors.26 Overstimulated NMDA receptors cause the cell to take

up too much of the amino acid and neurotransmitter glutamate. Glutamate is

an excitotoxin: It can cause neurons to fire at such a rapid rate that they

become exhausted and damaged. Glyphosate can hitch a ride on the glutamate

transporters and also enter the cell. As a comprehensive 2019 review explains,

it’s not just the glyphosate-induced gut dysbiosis that’s harming the brain,

inducing depression, and fomenting anxiety. It’s also that glyphosate likely

damages the hippocampus directly through glutamate excitotoxicity.27

The hippocampus is one of only two sites where new neurons can

mature from stem cells and migrate into other parts of the brain. The other

site is the subventricular zone, an area adjacent to the brain ventricles. When

scientists investigated the effects of glyphosate on mouse neural stem cells,

they found that glyphosate significantly reduced cell migration and

differentiation, suppressed activity of a CYP enzyme that is known to be

cytoprotective, and induced markers of oxidative stress. This work, published

in 2020, suggests that glyphosate interferes with the maturation of new

neurons in the brain.28



One mechanism for how glyphosate causes neurological damage at the

cellular level is suggested in an experiment involving PC12 cells from rats.

PC12 cells are derived from the adrenal medulla, which is the inner part of the

adrenal gland. These PC12 cells have many neuron-like properties. They grow

well in culture and have become a popular tool to investigate effects of

different stressors on neurons. When scientists exposed PC12 cells to

glyphosate and examined the consequences, they found that glyphosate

decreased survivability of the cells in a dose-response way. It induced

autophagy, which is a clean-up process to clear cellular debris. This suggests

that glyphosate caused the buildup of damaged cellular components.

Glyphosate also induced apoptosis, a form of programmed cellular death.29

Sulfate Deficiency and the Brain

Neurons, like all other cells, clear their cellular debris. They depend upon

sulfate to do this. Much of the pathology in both Alzheimer’s disease and

autism traces back to sulfate deficiency. As you may remember from chapter

6, one important sulfated molecule, heparan sulfate, facilitates almost all core

activities of a cell.30 Many signaling molecules, particularly growth factors,

bind to heparan sulfate to initiate their signaling response. Cell and blood

vessel growth are regulated by heparan sulfate. Heparan sulfate also enables

cells to take up fats, cholesterol, and fat-soluble vitamins.

Heparan sulfate is extremely important to neural development. It

modulates neurogenesis, axon guidance, and the maturation of synapses.31

And, in postmortem studies, it has been found to be deficient in the ventricles

of the brains of children with autism.32 When the ability to synthesize heparan

sulfate is disabled in mice, the mice exhibit the features of autism.33 I believe

that heparan sulfate deficiency in the brain is a core component of autism and

Alzheimer’s disease.

Harm to Our Neurotransmitters

Free glutamate is the most abundant excitatory neurotransmitter in the

vertebrate nervous system, accounting for over 90 percent of the synaptic



connections in the brain. The hippocampus, which was so damaged in the

man who drank Roundup, is especially rich in glutamate receptors. These

receptors are essential for learning and memory. The hippocampus depends

more on glutamate signaling than do other parts of the brain.34

There is no question that glyphosate disrupts glutamate. In 2014, Italian

researchers found that Roundup caused glutamate to become neurotoxic in

the hippocampus of rat pups. The pups were exposed to a low daily dose of

Roundup in utero via their mothers’ exposure and during lactation via their

mothers’ milk. The pups’ mothers were fed water containing Roundup and

their total exposure each day was about 40 percent, less than half of what the

effects might be of the no observed adverse effect level (NOAEL). The pups

were sacrificed at 15 days old and then their brain tissue was analyzed. In

another branch of the same experiment, hippocampal slices were prepared

from unexposed 15-day-old pups, and then those slices were exposed to

Roundup at varying concentrations. The researchers found that exposure to

Roundup increased calcium uptake in the cells by activating glutamate-

sensitive NMDA receptors as well as calcium channels. Roundup increased the

amount of glutamate released into the synapse by neurons. It also interfered

with the ability of brain cells to clear glutamate from the synapses (by

converting glutamate to glutamine).35 Oxidative stress is an overabundance of

free radicals that the body cannot clear. Excess glutamate in the synapse led to

neuronal burnout, with oxidative stress damaging delicate components of the

brain cells.

We’ve known since 2006 that children with autism have higher

concentrations of glutamate in their brains compared to healthy controls.36

They also have excess glutamate in their blood. A study comparing the plasma

of 23 boys with high-functioning autism with the plasma of 22 healthy

controls found that the boys with autism had statistically significant higher

levels of glutamate in their blood (and lower levels of glutamine).37 None of

their other amino acids were out of line with the control group.

Glutamate Toxicity

To understand how glutamate can become neurotoxic, we need to understand

how it operates in the brain. As a neurotransmitter, glutamate is a powerful



stimulator of nerve cell activity. Normally it is sequestered inside nerve cell

vesicles. It’s released into the synapse in order to transmit a signal to a

neighboring cell. It’s then quickly cleared by surrounding astrocytes, so named

because they are star-shaped brain cells. The astrocytes take up the glutamate

and convert it to glutamine, a benign molecule without any neuroexcitatory

effects, with the help of the enzyme glutamine synthetase. The glutamine is

then shipped back to the neurons through a pathway that doesn’t involve the

synapse. The neurons take it up, convert it back to glutamate, and sequester it

back in the vesicles.

The trouble is that the enzyme glutamine synthetase depends on

manganese. And manganese can be chelated by glyphosate, making it

unavailable. When astrocytes lose their ability to convert glutamate to

glutamine, the cycle is derailed. Glutamine synthetase also binds ATP as a

source of energy. It contains a highly conserved string of amino acids,

GAGCHTNFS, at the ATP binding site. Note that the second glycine (G) has

an alanine (A) residue to the left, leaving lots of room for glyphosate’s side

chain. It also has a histidine (H) one away to the right, providing positive

charge to attract glyphosate’s phosphonate unit. You may recognize this as the

glyphosate susceptibility motif I described in chapter 5.

I believe that glyphosate substitutes for this critical glycine residue and

disrupts ATP binding of glutamine synthetase, leaving the astrocytes unable to

clear glutamate from the synapse. Glyphosate not only causes glutamate to

build up in the synapse, it also acts as a glycine analogue and binds with

NMDA receptors.38 And it gets taken up by the cell along glutamate

transporters. Glutamate, together with glycine, excites NMDA receptors in the

hippocampus, leading to neurotoxicity.

A follow-up experiment to the one that indirectly exposed rat pups to

Roundup in utero and during lactation was performed three years later. This

time researchers exposed rat pups to a similar dose of a glyphosate-based

formulation (1% dilution in drinking water) both during gestation and after

the pups were born. The baby rats were first exposed via their mothers, as in

the previous experiment, and then drank the glyphosate-based herbicide

directly via their own water. Their glyphosate exposure lasted until they were

2 months old. They were then put through a series of behavioral tests. As



before, their hippocampal slices were then analyzed, this time when they were

three months old.39

Before the pups were sacrificed, the exposed rats exhibited depressive

behaviors. Afterward, researchers found glutamate disruption, NMDA

activation, calcium uptake, and neuronal oxidative damage, just as in the

previous study. This research, published in 2017, found that glyphosate also

suppressed cholinesterase (an enzyme that breaks down acetylcholine,

another neurotransmitter) in the hippocampus.

Another more recent study on mice has similarly found that chronic

exposure to a glyphosate-based herbicide resulted in memory and cognitive

impairments associated with reduced activity of cholinesterase and of

antioxidant enzymes in the brain.40 Glyphosate has also been found to

significantly reduce cholinesterase activity in the brain of fish.41 This is

important because suppression of cholinesterase is a key component of the

neurotoxicity of organophosphate insecticides. Glyphosate is an

organophosphonate, which is not quite the same as an organophosphate. Still,

it appears to disrupt acetylcholinesterase, leading to excessive cholinergic

signaling that also contributes to neuronal toxicity.

Dietary Glutamate Causes Similar Effects

Katherine Reid, PhD, is a biochemist and the mother of a girl with autism. Dr.

Reid saw improvements in her daughter’s autistic symptoms when she put her

on an organic diet and eliminated gluten and casein. Though the benefits of a

gluten-free casein-free diet for people with autism is a subject of debate, many

parents of children with autism find that their child’s digestive symptoms

improve when they eliminate gluten from the child’s diet.42

Why would it help to eliminate gluten and casein? Katherine Reid

realized that products made with gluten and casein are often high in

glutamate. Most parents don’t know that glutamate is a hidden ingredient in

many processed foods. It’s used as a flavor enhancer in the form of

monosodium glutamate (MSG). MSG is so popular in Chinese cooking that

it’s even added to some brands of salt. It’s harder to eliminate dietary

glutamate than you might expect. Glutamate hides behind many disguised



names on food product labels, including “hydrolyzed protein,” “autolyzed

plant protein,” and “yeast extract.” Reid started to eliminate glutamate from

her child’s diet. After she switched her family to an entirely whole food, real

food diet and eliminated all processed foods, her daughter made a full

recovery.

Excess glutamate is a known factor in several neurological disorders,

including depression.43 Abnormally high levels of glutamate lead to excessive

oxidative stress in the brain, causing neuronal damage, particularly in the

hippocampus. Food additives that contain excitotoxins such as monosodium

glutamate and aspartame are “the taste that kills,” according to retired

neurosurgeon Russell Blaylock, MD.44 To combat excess glutamate, Donald

Rojas, PhD, cognitive neuroscientist and chair of the Department of

Psychology at Colorado State University, has even proposed that

pharmaceutical antagonists for glutamate receptors be repurposed to treat

autism.45 An NMDA receptor antagonist, ketamine, has shown promise in

treating both autism and depression.

—————

So how is exposure to glyphosate affecting the brains of humans and other

animals? There are three mechanisms for how glyphosate formulations and

glyphosate itself could cause neuroexcitotoxicity in the hippocampus: by

chelating manganese, making it unavailable as a catalyst for glutamine

synthetase; by incorporating into glutamine synthetase in place of glycine at

the ATP binding site; and by substituting for glycine as a neurotransmitter and

overstimulating the NMDA receptors, causing the cell to take up excess

glutamate. What’s more, glyphosate also appears to suppress activity of

acetylcholinesterase, operating in a way that is parallel to the neuronal

damaging effects of organophosphate insecticides. While we still have a lot to

learn about the exact mechanisms, it is clear from a growing body of scientific

evidence that glyphosate harms the brain.

Sally’s Story: The Role of B12



Sally Pacholok worked as an emergency room nurse for more than 27 years.

After decades of observing patients, she has come to realize that there is an

epidemic of B12 deficiency in the United States. Vitamin B12, also known as

cobalamin, is a water-soluble vitamin that is critical for our red blood cells to

form, our brains to function, and our DNA to synthesize. It’s found naturally

in animal products, including beef liver, clams, eggs, fish such as salmon and

trout, milk, and poultry. A strictly plant-based diet contains no cobalamin.

It’s not just that people aren’t getting enough B12 f rom their food; people

are also having difficulty making use of it. Cobalamin contains the mineral

cobalt, and it can’t function without its central cobalt ion, embedded in a

corrin ring. The amount of two minerals, cobalt and manganese, in the blood

can be extremely low in animals chronically exposed to glyphosate.46 To make

matters worse, the corrin ring (like the porphyrin ring in hemoglobin, which I

described in chapter 5) is assembled from multiple pyrrole subunits, and a

critical enzyme in the pyrrole synthesis pathway is inhibited by glyphosate.47

B12 deficiency can cause a host of health problems, including

developmental delays, failure to thrive, reduced IQ, seizures, behavioral issues,

and defects in fine motor control and gross motor movement. Untreated B12

deficiency in infancy can lead to permanent disability. Cobalamin is

pathologically low in the brains of autistic children, the elderly, and in people

suffering from schizophrenia.48 In fact, levels of two forms of cobalamin,

methylcobalamin (which is essential for methylation) and adenosylcobalamin,

are up to three times lower in people with impaired brain function.

Glutathionylcobalamin is even more dramatically reduced.49 I find this fact

particularly significant, as it suggests a glutathione deficiency is linked to brain

disorders. Independently of cobalamin, low glutathione and impaired

methylation are known features of autism. Both problems, compounded by

cobalamin deficiency, negatively impact brain function.50

In addition to impaired methylation and low glutathione, low levels of

vitamin B12 can ultimately result in high glutamate, high homocysteine, and a

high amount of ammonia in the brain. These, in turn, induce an inflammatory

response characterized as a low-grade chronic encephalopathy. We know that

vitamin B12 inhibits the release of glutamate in neuronal synapses in a dose-

dependent manner, so its deficiency would lead to an increase in the release of



glutamate.51 There is no question that low vitamin B12 is a compounding

factor in glutamate toxicity linked to autism.

To their credit, Sally Pacholok and her colleague, emergency medical

doctor Jeffrey Stuart, were able in some cases to reverse dementia—and even

cure it—by treating patients with vitamin B12.52

—————

I became particularly interested in cobalamin’s role in the body after learning

about how glyphosate disrupts it. In 2019, I published another paper with Dr.

Gregory Nigh, the oncologist based in Portland, in which we described how

the body compensates for cobalamin deficiency. There are only a handful of

enzymes that depend on B12, but each is vitally important to cellular health.

While these enzymes appear unrelated, they collaborate in an elegant dance to

ameliorate damage from cobalamin deficiency. When one enzyme is

disrupted, accumulated compounds will alter cellular metabolism to work

around the disruption.53 These accumulated compounds, namely propionate

and methylmalonic acid, get into the brain and modify activities to extract

sulfate from the brain in order to supply it to the macrophages and the blood

vessels. This is essential to maintain healthy blood circulation and a healthy

immune system, but it also causes the brain to become sulfate deficient.54

During brain formation, neuronal stem cells normally differentiate into

either neurons or glial cells. Glial cells, which include oligodendrocytes,

microglia, and astrocytes, form myelin to insulate nerve fibers and provide

nutritional support and immune protection for neurons. This is all good. But

when there are too many glial cells relative to neurons, the connectivity

among neurons is disturbed. Glial cells are also responsible for initiating

inflammation in the brain. Too many glial cells in the brain relative to neurons

is a feature of autism.55

Propionate affects how cells differentiate. Too much propionate in the

brain during early development will cause an overproduction of glial cells. An

experiment on human neural stem cells demonstrated a dramatic effect of

propionate on the differentiation into neurons or glial cells.56 Under normal

culture conditions, 47 percent of cells become glial cells, but when cells are



exposed to propionate, a full 80 percent become glial cells. When propionate

is injected into the brain ventricles of rats, they exhibit antisocial behaviors

typical of autism. They also suffer from a neuroinflammatory response in the

brain called glial cell activation, a condition associated with encephalopathy

and autism.57

As early as 2002, autism was also observed to be associated with elevated

methylmalonic acid in the urine, which could be the result of cobalamin

deficiency.58 Excess methylmalonic acid due to cobalamin deficiency inhibits a

crucial enzyme in the mitochondria, the only enzyme that participates in both

oxidative phosphorylation, which produces ATP, and the citric acid cycle,

which metabolizes glucose.59 The enzyme, a flavoprotein, is succinate

dehydrogenase. Impairments in succinate dehydrogenase are, you guessed it,

also associated with autism.60

Low levels of glyphosate-based formulations have been shown to induce

cell death in human umbilical, embryonic, and placental cells, attributed to

suppression of succinate dehydrogenase.61 Since succinate dehydrogenase is a

flavoprotein, it can be expected to be suppressed by glyphosate. As we talked

about in chapter 5, flavoproteins bind the flavins FMN and FAD at a site where

there are three highly conserved glycine residues, and these flavins contain

phosphates that are displaced by the methylphosphonate unit in glyphosate.

Glyphosate Hates the Love Hormone

Oxytocin is often called the love hormone because it makes people feel good.

This short neuropeptide is involved in inducing labor at the end of pregnancy

and milk ejection from the mammary glands during breastfeeding, as well as

in regulating complex social behaviors. It is a member of an ancient class of

peptides dating back 600 million years.62 Like other hormones in its class,

oxytocin contains only eight amino acids, along with the nitrogen atom as a

remnant of an original ninth glycine residue appended at the carboxyterminal

(called G*). These peptides are all synthesized from a longer peptide. The final

step in the synthesis of oxytocin is to cleave off most of the terminal glycine

residue through enzymatic action, leaving just the nitrogen atom in place,

which is labelled as G* to indicate its origins from glycine.



Glyphosate substitution for the terminal glycine likely disrupts this final

step that splits up the glycine molecule. This is problematic because it is the

glycine split that protects the peptide from degradation. And even if the cleft

enzyme still works with glyphosate in place of glycine, it results in a version of

the peptide with a methylphosphonyl group attached to its terminal end,

which surely has significant, albeit unstudied, consequences on function.

Earthworms, mollusks, insects, spiders, and vertebrates collectively synthesize

at least 14 different short peptides like oxytocin. They are all made up of nine

amino acids, ending with a snipped-off glycine residue. Glyphosate is likely

disrupting their hormones through the same mechanism.

Oxytocin deficiency impairs social interactions. Children with autism are

generally deficient in oxytocin. Treating them with supplemental oxytocin can

lead to improvements in social interaction.63 Could it be that their deficiency

is due to glyphosate swapping in for the terminal glycine residue?

A Mother’s Thyroid Matters

We know that many environmental pollutants, including ones used to control

insects, weeds, and mold, are endocrine disruptors. The hypothalamic-

pituitary-thyroid axis is one of the most affected neuroendocrine systems. A

study involving over 35,000 people showed an increased risk of

hypothyroidism in highly exposed individuals for several pesticides, including

glyphosate.64 Thyroid hormone is produced from tyrosine, one of the

products of the shikimate pathway. Glyphosate’s disruption of the gut

microbiome likely suppresses the supply of tyrosine, leading to insufficient

thyroid hormone production.

Two recent studies on rats exposed to glyphosate-based herbicides both

in utero and during lactation found that their thyroid hormone processing was

disrupted. In one study the offspring’s genes expressed proteins as if the

mothers suffered from hypothyroidism.65 The other found adult male rats to

have a significant increase in thyroid stimulating hormone, a hormone

produced by the pituitary gland to induce more thyroid production. Early life

exposure to glyphosate had altered their set point for thyroid-stimulating

hormone.66 While in the first study glyphosate levels were relatively high, this

second study followed US guidelines for “safe” exposure. A plausible



explanation is that, when the thyroid was deficient in tyrosine, it was

stimulated to make more. Women with poorly functioning thyroids, whose

bodies cannot make enough thyroid hormone, are nearly four times as likely

to have a child with autism.67

Glyphosate’s Synergistic Role in Widespread Neurological

Dysfunction

Autism is not due to glyphosate exposure alone; that is clear. Autism, even the

severe autism described by Leo Kanner in 1943, existed prior to the

development of glyphosate. But it’s equally clear that autism prevalence is

rising, and dramatically so, as more toxic environmental exposures leach into

our daily lives. Before the movie Rain Man came out in 1988, few people even

knew what autism was. Today you’d be hard-pressed to find anyone who

doesn’t have a friend or family member with severe autism.

It is clear that environmental stressors are causing high rates of brain

dysfunction, especially in children exposed during periods of rapid brain

development and in older adults who have had chronic exposure over time.

Some of these environmental exposures are likely causing evolutionary

pressure, resulting in large numbers of mutations with unpredictable results.

While it’s possible that some of these mutations could be beneficial, many of

them result in devastating dysfunction. Numerous environmental factors have

been reliably tied to increased brain disorders.

One of the most insidious toxic exposures, affecting virtually everything

we humans depend upon for maintenance of biological homeostasis—the

food we eat, the air we breathe, the water we drink, the microbes that work so

hard for us, the minerals we require, and even the critical proteins

programmed by our DNA—is glyphosate. It’s possible that in our increasingly

toxic world, neurological dysfunction such as autism might increase even in

the absence of glyphosate. But there is no question that the many ways in

which glyphosate disrupts biological systems, especially the myriad ways it

affects brain development, are contributing to the rapid accumulation of

synergistic toxicities that we are witnessing. And that should scare us all.



— CHAPTER 10 —

Autoimmunity

Modern medicine asks what and how: what conditions do you have, and

how do we treat them? But we should be asking why—this is the first

critical step toward prevention. If we don’t know why something happens,

we can’t hope to stop it.

—WILLIAM PARKER, PhD,

Duke University School of Medicine

The United States spent nearly four trillion dollars on health care in 2019, far

more per capita than any other country in the world. Health care is projected

to account for nearly 20 percent of our gross domestic product by 2028.1 At

the same time, as I mentioned in chapter 8, our health outcomes lag behind

most countries in the industrialized world.2 And the Centers for Disease

Control and Prevention (CDC) estimates that 90 percent of the nation’s health

care expenditures are for people with chronic and mental health conditions.3

The percentage of the population affected by autoimmune disease has

been steadily rising in the United States. Today at least 41 million American

are suffering from autoimmune disease.4 What is an autoimmune disorder?

It’s when the body gets confused and treats its own proteins and DNA as if

they were foreign molecules, causing diverse symptoms. It mistakes its own

tissues as being a threat, often attacking the organs and joints. If you have an

autoimmune disease, you have an overreactive adaptive immune system, an

excessive antibody response to invasive pathogens that leads to the

development of autoantibodies.



There are at least 80 different autoimmune diseases. Addison’s disease,

antiphospholipid syndrome, autoimmune thyroiditis, celiac disease, chronic

fatigue syndrome, inflammatory bowel disease, psoriasis, rheumatoid arthritis,

systemic lupus erythematosus, type 1 diabetes, and multiple sclerosis are

among the most common.

Food allergies are also becoming much more common than they used to

be. In most public schools, a child can’t pack a peanut butter sandwich for

lunch because an allergic classmate could go into anaphylactic shock if they

came into contact with a peanut product. At least 8 percent of children in the

United States have food allergies, many have multiple allergies and severe

reactions.5 Food allergies can be lethal. The percentage of children in the

United States with a food allergy rose 50 percent from 1998 to 2010, according

to the CDC.6 Children are increasingly becoming allergic to the most

common foods: eggs, dairy, wheat, soy, peanuts, and tree nuts.

There are several working hypotheses about what causes our immune

systems to turn against us. The most popular one is that we humans have

become “too clean.” We talked about this in chapter 3. The idea behind the

hygiene hypothesis is that public health measures, including antibiotics,

pasteurization, vaccination, and water sanitation, which have so successfully

limited the spread of infectious diseases, have also unexpectedly led to chronic

illnesses because our extremely clean environment fails to “educate” the

immune system to attack infections. Without infectious diseases or parasites

to fight against, the body fights itself. The evidence to support this hypothesis

is mostly epidemiologic. For example, large population studies show that

allergies and asthma are much less common, even nonexistent, in countries

where hygiene is poor.7

A study published in the New England Journal of Medicine in 2016

compared the risk of asthma among groups of children in two farming

communities, Amish and Hutterites.8 The Amish families practiced

“traditional farming practices” whereas the Hutterites had adopted

“industrialized farming practices.” The Hutterite children had four times as

much asthma and six times as many allergies. The researchers pointed out that

the Amish children enjoyed a much more intimate relationship with animals

and dirt. That is one explanation. Might it also be that the Hutterite children



were exposed to more toxicants (toxins and toxic chemicals), through the

industrialized farming practices of their community?

It is becoming increasingly clear that overexposure to toxicants is playing

a role in the autoimmune epidemic. For example, exposure to toxins produced

by mold can make people sick, partly through development of autoimmune

disease. A study conducted in Finland found a greatly elevated prevalence of

autoimmune disease in teachers and students who attended a moisture-

damaged school. This was attributed to chronic exposure to toxic mold.9

I propose that glyphosate, too, is playing a significant role in

autoimmune disease. My hypothesis is that, when glyphosate substitutes for

glycine, it leads to a defective protein that may not even be released from the

cell that synthesized it. When the protein misfolds, the body’s immune cells

mistake it as a foreign protein and develop antibodies to attack even healthy

versions of the protein. Food proteins can also have glyphosate embedded in

them, which would make it harder for them to break down in the gut. Finally,

glyphosate also suppresses the innate immune system, which would ordinarily

be able to clear dead human cells and pathogens that have invaded without

involving antibodies. This may be the most important factor.

Immune System 101

The human immune system is a complex and miraculous biological

achievement. Immune cells emerge from stem cells in the bone marrow and

mature into various cell types that perform different specialized functions.

Collectively our immune system is made up of white blood cells, or

leukocytes, so called because they are colorless cells with no hemoglobin.

White blood cells can be broadly categorized as innate immune cells and

adaptive immune cells. Neutrophils, dendritic cells, mast cells, monocytes, and

macrophages are all phagocytes (literally “eating,” or “engulfing” cells)

comprising the innate immune system. T cells, B cells, and natural killer cells

are all lymphocytes. They make up the adaptive immune system. The job of

all white blood cells, collectively, is to police the body looking for trouble.

Trouble basically comes in one of two forms: an invasive pathogen (an

infection of some sort) or a human cell that’s been injured or deformed and

needs to get cleared. The human cell could be a cancer cell. Some immune



cells also have a specialized role clearing damaged materials, mostly fat and

cholesterol that has been oxidized, glycated, or misfolded, or oxidized particles

that can be taken up by immune cells and then broken down again into raw

materials to build healthy new molecules. This includes amyloid beta plaque,

which is associated with Alzheimer’s disease.

Antibodies, the part of the adaptive immune system most people are

familiar with, are proteins that bind to viruses or bacteria to prevent them

from attacking our cells. But the innate immune system is powerful, as well. It

can often clear infectious agents without ever invoking antibody production.

The innate immune cells can trap pathogens and release cytokines that can kill

invasive microbes. After that, our macrophages (“big eaters”) essentially eat, or

phagocytose, in scientific terms, the dead microbes. When the innate system

can’t clear invaders as fast as they are proliferating, the adaptive system steps

in to lend a helping hand.

T “helper” cells are a kind of lymphocyte, which is a white blood cell

made in the bone marrow that accounts for about 20 percent of the body’s

leukocytes. T helper cells are divided into two subgroups: Th1 cells and Th2

cells. Both Th1 and Th2 cells can release cytokines, which can be themselves

divided into two broad groups: those that induce an inflammatory response

(from Th1) and those that induce an allergic response (from Th2). Pro-

inflammatory cytokines released from Th1 cells can kill bacteria, but they can

also cause local tissue damage. Th2 cells produce immunoglobulins (also

known as antibodies), particularly IgG, which are associated with allergies.10

The adaptive immune system has a sophisticated mechanism to create

and then refine antibodies in response to specific antigens presented to them

by members of the innate immune system. These antigens are usually proteins

that are uniquely produced by an invading pathogen. When the immune

system is working correctly, a population of adaptive “memory” B cells will

recognize a signature protein of the invader and neutralize it. The next time

that pathogen shows up, these marvelous B cells will remember and quickly

mark the pathogenic cells with the antibody, like tagging a tree in an

overgrown forest, so the invading cells can be easily identified by innate

immune cells and removed.

The adaptive immune system is the basis for vaccines. The system creates

specialized memory B cells that produce antibodies specific to the antigens in



the vaccine, typically some of the proteins normally produced by the targeted

virus or bacterium, or in some cases the entire pathogen in a weakened form.

Interestingly, it’s sometimes hard to get the body to recognize vaccine

ingredients as foreign. People with healthy innate immune systems may never

produce antibodies in response to vaccines.

On the other hand, people with impaired innate immunity can respond

too well to vaccines. Vaccination can produce an excessive antibody response

that can later lead to autoimmune diseases, through a process called molecular

mimicry. This can happen when antibodies produced by the specialized B cells

get confused. They attack human tissue because there is a peptide sequence

within a human protein that closely resembles a peptide sequence in the

antigen associated with the disease.

An important ancient component of the innate immune system is the

complement cascade. This is a part of the innate immune system that helps

antibodies and phagocytes clear both invaders and damaged cells from the

body. It can even do the job all by itself if it is sufficiently strong. In response to

an invasive pathogen or a cell under stress that’s about to die, a complex

sequence of events immediately takes place. This sequence involves proteins,

C1 through C9, that are released from the liver and circulate in the blood in an

inactive form until they’re needed.

A pathogen or other trigger will cause enzymes to activate these

proteins, making them capable of altering complement molecules in an

elegant cascade. When C1 is activated, it launches the cascade through a series

of cleavages and further protein activations in sequence, which ultimately

results in several events that promote healing.11 One of these events is

opsonization, which takes its name from the ancient Greek word opson,

meaning the side dish of a meal. Opsonization involves an opsonin, which

could be a complement or an antibody, binding to an antigen to ready it for

phagocytosis. Macrophages, summoned by signaling molecules, “eat” the

invaders after solubilizing their membranes. They then recycle the debris.

Cells die for a number of reasons: injury, proliferation of a virus within

their walls, oxidative stress, exposure to toxicants, or deficiency in a critical

nutrient needed for survival. If dying cells and their debris are not efficiently

cleared by the immune system, autoimmune disease can develop. This is

because dead cells can release allergenic material, such as their own DNA, that



then causes adaptive immune cells to produce autoantibodies that then attack

other cells.

Vulnerable Peptides

In chapter 5, I talked about how glyphosate likely disrupts the enzyme

NADPH oxidase in immune cells, which prevents them from releasing

superoxide to kill invading pathogens. But there are many other proteins as

well that the innate immune system relies on that may be disrupted by

glyphosate through glycine substitution.

An important component of the innate immune system is a collection of

small peptides called cationic antimicrobial peptides. These peptides, known as

AMPs, are released by immune cells in response to a pathogen invasion. They

work by binding to the highly negatively charged phosphate anion attached to

phospholipids that are often present in the outermost leaflets of bacterial

membranes, but not in human cells. AMPs need to bind to phosphate, which

makes these peptides vulnerable to glyphosate substitution.

There are many different variants of AMPs. Only one amino acid in the

peptide sequence has been found to be consistent among them. This is the

glycine positioned in the middle of the peptide. It serves to maintain a hinge or

kink between two short structures, which is essential for their function.12

AMPs are usually positively charged, with arginine (R) and lysine (K) over-

represented.13 (Please consult table A.1, on page 186, for these one-letter codes

for amino acids). Besides the glycine residue at the hinge, these peptides also

tend to be rich in glycine throughout. As we know, glycine plus positively

charged neighbors in a protein that binds phosphate is a recipe for disaster.

Glyphosate substitution for the middle glycine residue interferes with the

peptides’ ability to bind phosphate, and therefore with their ability to kill

pathogens.

Our Collagen, Ourselves

Collagen is considered the body’s scaffolding. It is a protein that provides

structure to the bones, ligaments, skin, and tendons. In China, people

sometimes view it as a fountain of youth, and so they eat foods high in



collagen, such as pigs’ feet and shark fins, in their search for fewer wrinkles,

less joint pain, and longevity. Collagen has a characteristic GxyGxyGxy …

motif, which we talked about in chapter 4. A long sequence of this pattern

folds into an elegant triple helix.14 Because every third amino acid is a glycine,

collagen is tremendously vulnerable to glyphosate substitution, which would

disturb the triple helix formation.

The collagen motif is not only present in collagen; two other crucial

proteins, both synthesized predominantly in the liver and released into the

bloodstream, are important for complement activation, which is the cascade of

biochemical events that stimulates an immune response. These are

complement 1q (C1q) and mannan-binding protein (MBP). They both contain

a specialized “domain,” or collagen-like area that forms a stalk, which is

essential for binding to the extracellular matrix of macrophages.

Six C1q molecules assemble into a triple helix formation. They then

collaborate to form a hexamer that comprises the stalk. Since each C1q

molecule has 26 glycines in its Gxy … sequence, and six molecules are

assembled into each stalk, glyphosate has 156 opportunities to substitute for

glycine, disrupting the protein’s ability to bind to macrophages. This has

serious consequences. Such a disruption impairs the ability of macrophages to

clear pathogens and to remove cellular debris from dead and dying cells.

C1q proteins have another domain called the globular head that binds to

a wide range of targets, including gram-negative bacteria, viruses, dying cells,

products of tissue damage, immune antibody-antigen complexes, and amyloid

proteins.15 Macrophages basically use C1q as a fish hook to snag invasive

pathogens and other materials targeted for clearance. C1q’s collagen-like stalk

binds specifically to heparan sulfate in the extracellular matrix of the

macrophage, but only after it has snagged its “fish.” So C1q first hooks onto

the virus and then hooks the virus into the membrane of the macrophage,

trapping it there. The macrophage then breaks off the piece of heparan sulfate

bound to the virus and “eats” it by transporting it into its lysosomes, the cell’s

digestive system. Imagine a fly flying around in the room compared to one

stuck on fly paper. The fly stuck to the paper is a much easier target to kill!

Mannan-binding protein binds mainly to mannan, an unusual type of

sugar produced by viruses, bacteria, yeast, and fungi, but not by human cells.

This makes mannan-producing pathogens a convenient target for the immune



system. MBP binds to the invaders and then macrophages grab and clear them

from the body. If MBP is working correctly, specific antibodies are not needed

to clear the infection. But MBP, like C1q, will have trouble hooking into a

macrophage extracellular matrix if its collagen-like stalk is disrupted by

glyphosate. People with a genetic defect in MBP are more susceptible to acute

respiratory diseases, especially in early childhood.

There’s another group of proteins in the same class as C1q and mannan-

binding protein that also have a collagen-like domain. These macrophage

scavenger receptor class A (SRA) proteins play an important role cleaning up

debris and clearing both gram-negative and gram-positive bacteria. They are

promiscuous, binding to many different molecules as long as those molecules

are negatively charged. Macrophage scavenger receptor proteins can bind to

oxidized, acetylated, and glycated LDL, phospholipids, sulfatide, sulfated

polysaccharides, lipopolysaccharides, and lipoteichoic acid. These scavenger

receptor proteins act like a vacuum cleaner to suck away and clear damaged

goods and pathogens.16

“Houston, we have a problem.” When we disrupt macrophage scavenger

receptor proteins, we disrupt one of the most important aspects of the

immune system. Macrophage scavenger receptor proteins are able to clear

bacteria and debris without invoking an inflammatory response.17 It is the

inflammatory response that eventually leads to autoimmune disease. When

the innate immune system cannot efficiently trap and clear pathogens, the

adaptive system is called into play. An early response is to produce antibodies

to tag the invaders. Through molecular mimicry, if the invader protein

resembles a human protein, the immune cells can get confused and attack the

self.

A Marker of Inflammatory Disease

Some proteins’ main job is to flag a problem and launch a repair mechanism.

Serum c-reactive protein (CRP) is one of these flagging proteins. It is a

common biological marker of systemic inflammatory disease. Doctors test the

blood for CRP to find out about hidden inflammation. A healthy person will

have low levels of c-reactive protein in their blood. When CRP tests come back

at high levels, it can be an indication of a serious infection, including fungal



infections, intestinal diseases, osteomyelitis, or sepsis. The liver responds to

trauma, inflammation, and infection by producing more CRP, a lot more CRP.

It can increase by as much as a factor of a thousand.18 Glyphosate exposure

induces an inflammatory response in the liver. In response, the liver will

assemble many CRP proteins. This has been verified experimentally in rats

exposed to Roundup, where increase in liver CRP production was dose

related.19

This increased CRP production creates a vicious circle because the

glycines in the CRP protein are vulnerable to glyphosate substitution when

CRP is produced. CRP has a sequence near the carboxyterminal end of the

protein (IILGQEQDSFGGNF) that’s found in many species, including

mammals, fish, and even horseshoe crabs, which means this sequence is an

essential part of the protein.20 The first and last G are conserved among

mammals, and the first G of the GG pair is only occasionally substituted by A

(alanine), for example, in goats and cows. Even the horseshoe crab has all

three Gs.

CRP is a member of a class of proteins called pentraxins, so named

because they form a pentamer by assembling five copies of the protein

together. Pentraxins recognize and tag a variety of pathogenic agents as well as

cells in distress, allowing them to be easily eliminated through the assistance of

complement pathways and macrophages.21 CRP acts in many ways like IgG,

except that, unlike IgG, it does not lead to allergies.

A characteristic feature of CRP is that it binds choline phosphate. Of

course, phosphate binding is a common feature of proteins vulnerable to

glyphosate substitution. The second G of the GG pair may be especially

susceptible to glyphosate substitution due to its tiny left neighbor. Many

bacteria that cause respiratory diseases and ear infections, such as Streptococcus

pneumoniae, Haemophilus influenzae, and Pseudomonas aeruginosa, attach choline

phosphate to their exterior coat. CRP binding to these infectious agents can

help the innate immune system recognize and clear them. Defective CRP

binding may result in chest infections, respiratory diseases, and ear

infections.22

CRP also assists in the clearance of dead human cells. CRP binding to the

choline phosphates on the surface of these cells activates the complement



system to help macrophages clear those cells. These choline phosphate

molecules are not visible on the membranes of healthy human cells. Binding

of CRP to cells that are shutting down allows immune cells to identify them

much more quickly and clear them before their contents spill out, which can

lead to autoimmune disease over time.

In 2000, researchers at Cornell University’s medical school summarized

the effects of CRP: “The anti-inflammatory effects of CRP required C1q and

factor H and were not effective once cells had become necrotic.”23 (Factor H is

a complex regulator of the complement system.) In other words, both C1q

and CRP are required to clear sick cells effectively. Necrosis, or cell decay, sets

in when the cell is left uncleared, due to defective CRP and/or defective C1q.

Both of these important immune mediators can be disrupted by glyphosate.

CRP and its helpers act in concert to promote clearance of defective cells

in a noninflammatory way. According to the researchers at Cornell this “may

help to explain how deficiencies of the classical pathway and certain pentraxins

[collagen-containing proteins involved in acute immunological responses] lead

to impaired handling of apoptotic cells and increased necrosis with the

likelihood of immune response to self.”24 In other words, in order to prevent

inflammation, you need properly functioning versions of both CRP and C1q

of the “classical pathway.” When these proteins aren’t working, necrosis sets

in, which is what leads to autoimmune disease because of the antibodies that

now must be called into play. “Immune response to self ” is autoimmune

disease.

Friendly Fire

A long and ugly list of chronic diseases are considered to be predominantly

autoimmune diseases, and many other diseases and disorders, such as autism,

have an autoimmune component. I’ve shown you how glyphosate exposure

weakens the innate immune system. It also plays an unfortunate and

pernicious role in worsening certain autoimmune disorders.

Systemic lupus erythematosus is a chronic autoimmune disease.

Symptoms of lupus include a characteristic “butterfly rash,” arthritis, kidney

damage, skin rashes, and neurological disorders. Lupus has systemic effects on

the body’s organs. The immune cells produce a variety of different



autoantibodies that attack the tissues. In its later stages, a condition called

neuropsychiatric lupus, categorized by cognitive impairment and emotional

imbalance, appears.25 But despite extensive research, scientists haven’t been

able to explain the cause of this debilitating disease.

Doctors originally believed that abnormalities in the lymphocytes—the

natural killer cells, B cells, and T cells that mainly form the adaptive arm of the

immune system—were the primary cause of autoimmunity in lupus. Under

healthy conditions, T cells and B cells will phagocytose viruses and bacteria

that present foreign proteins attached to their cell membranes, even in the

absence of antibodies. Upon activation, these B cells and T cells also release

toxic cytokines, in an attempt to kill foreign invaders. More recently, however,

blame has shifted toward the monocytes and macrophages, an essential arm of

the innate immune system.26 One of the functions of monocytes and

macrophages is to present foreign, unrecognized proteins to the T cells and B

cells to induce antibody production.

A core feature of lupus is that the innate immune system is unable to

effectively kill and consume viruses, bacteria, and food proteins that have

inappropriately entered the lymph system and the general circulation. These

innate immune cells are likely impaired as a direct consequence of disrupted

collagen-like stalks in the three crucial proteins I described earlier—MBP, C1q,

and scavenger receptor class A proteins—as well as an inability to produce

functioning antimicrobial peptides. These problems are compounded by

defective CRP contaminated with glyphosate. The innate immune cells

recognize that there is a problem and they can’t fix it. They raise alarm bells to

induce the B cells and T cells to produce antibodies to tag the invaders, in

order to get the invaders noticed and killed by the clean-up crew.

Neuropsychiatric symptoms affect nearly half of the people with lupus.

Symptoms are diverse, but the most common are headaches, depression,

anxiety, and cognitive dysfunction (what most of us think of as brain fog). The

primary causes of these symptoms include antibody-mediated neurotoxicity,

vasculopathy due to antiphospholipid antibodies, and cytokine-induced

neurotoxicity.27 These symptoms can all be expected when the innate immune

system is sleeping on the job and the adaptive immunity system takes over in

fighting infections and clearing dead cells.



Neuropsychiatric lupus can’t happen unless the blood-brain barrier starts

leaking. Lupus antibodies that invade the cerebrospinal fluid are able to

enhance the response of receptors in the brain and cause excessive neural

stimulation and neuroexcitotoxicity, which is likely the underlying cause of the

neurological symptoms. This implicates glyphosate in two more ways:

Glyphosate induces leaky barriers; and glyphosate has been shown in multiple

studies to excite NMDA receptors, both by acting as a glycine analogue and by

suppressing the clearance of glutamate from the brain’s synapses.28 With

excessive NMDA excitation, calcium builds up internally and eventually causes

catastrophic failure of the mitochondria.

Lupus is also associated with an increased risk of cardiovascular disease.

Inflammation of the artery wall damages the endothelial cells lining the blood

vessels. When these cells die, they release blebs (blisters, basically) at their

surface, which would ordinarily bind to C1q in order to attract macrophages

to come in and clear the debris. But with a defective stalk, C1q is unable to

bind to macrophages. The exposed debris accumulates and induces an

autoimmune response.29

Unfortunately, that’s not all. Lupus is also associated with skin problems,

particularly extreme sensitivity to sun exposure. People suffering from lupus

who spend time in the sun will get red spots on their skin and a scaly, purple

rash on their faces, necks, and arms. This uncomfortable and embarrassing

reaction is likely caused by lupus antibodies to a molecule called calreticulin.30

Calreticulin is normally retained inside the cell unless the cell is injured. Upon

exposure to UV light, skin cells, called keratinocytes, can become injured.

They then release their calreticulin into their membranes, presumably as a

signal to macrophages to orchestrate the clean-up process. In healthy people,

keratinocytes are constantly dying and getting replaced.

Normally, C1q’s globular head binds to calreticulin when calreticulin is

exposed on the surface of cells. This is how macrophages initiate the

complement cascade. But if C1q is defective because it has glyphosate

embedded in the stalk, for example, it will be impaired in its ability to clear

calreticulin-tagged dying cells. I hypothesize that in people suffering from

lupus, the normal process to clear dying keratinocytes is defective. Unlike the

healthy C1q-based mechanism, the antibody-based mechanism is associated

with an inflammatory response that causes the red spots and scaly skin.



The experience of a young man with severe C1q deficiency provides

insight into how glyphosate damages proteins. This patient was suffering from

a genetic form of lupus. He had a glycine mutation at residue 34 in the stalk

region of C1q, inherited from both his parents. Because of his genetic

condition, arginine substituted in for glycine. This one change resulted in a

defective version of the protein that was never even released from the liver

cells that synthesized it, leading to a severe pathology involving lupus. The

poor young man, at age 24, had skin issues, weakness in his arm, impaired

vision, intermittent fevers, canker sores, sunlight sensitivity, memory and

concentration problems, and a seizure disorder.31 All because of a single

glycine molecule that had been replaced with something else. We can predict a

similar outcome, albeit to a lesser degree, when glyphosate substitutes for this

critical glycine residue in C1q.

Celiac Disease

Gut issues of all kinds, including among young people, have been increasing,

though mainstream doctors have been unable to figure out why. Celiac

disease, colitis, and other inflammatory bowel conditions are becoming global

problems.32

Celiac disease is a digestive disorder that causes damage to the villi in the

small intestine. It’s caused by autoantibodies that develop against peptides

derived from gluten, which is found in barley, rye, and wheat. Although there

is no Roundup Ready wheat on the market, wheat is often highly

contaminated with glyphosate because farmers use it as a desiccant on wheat

crops shortly before harvest. There is no question that celiac disease is far

more prevalent today. Samples of blood serum collected between 1948 and

1954, compared to samples collected today, reveal at least a fourfold increase in

antibodies against gluten since then.33 An even larger number of people suffer

from gluten intolerance without an explicit celiac diagnosis.

Gluten intolerance results when multiple small peptides derived from

gluten remain undigested. Many of these peptides terminate in proline,

suggesting that the enzyme that detaches proline is defective. Currently

available digestive enzyme supplements are ineffective in degrading

immunogenic gluten epitopes, the part of the protein that an antibody would



attach to, due to blockage at proline residues that prevents further disassembly

of the peptide chain.34

Gliadin is a major protein component of gluten, and the primary target

of gluten antibodies in celiac disease.35 It has a high concentration of both

glutamine and proline, and both play a role in the disease process. Proline is

the only coding amino acid that has a side chain on the nitrogen atom. This

makes it difficult to break it apart from its neighbors in the peptide chain. As a

consequence, specialized enzymes have evolved that deal specifically with

proline.36 Lactobacillus bacteria have multiple enzymes that specialize in

detaching proline from peptide sequences. These hydrolytic enzymes, which

use water to break a bond, aren’t present in human cells. They have a motif

surrounding the serine residue at the active site that contains three glycines:

GxSxGG (Glycine-x-Serine-x-Glycine-Glycine).37 We can expect all these

hydrolytic enzymes to be vulnerable to disruption by glyphosate at one or

more of these glycine residues. Lactobacilli are also sensitive to glyphosate, so

their numbers in the gut are jeopardized by glyphosate exposure.

In 2019, an international team of 21 scientists found that gluten

intolerance is associated with an increased expression of a microbial protease

(an enzyme that breaks down proteins) called elastase that can metabolize

gluten. They also found that gluten intolerance is associated with an

overabundance of the pathogenic species Pseudomonas aeruginosa, a rod-shaped

bacterium that expresses elastase.38 Impaired gluten metabolism likely allows

undigested gluten proteins to accumulate in the colon, which then supports

the overgrowth of species producing elastase. Using a mouse model, these

authors showed that gluten exposure led to Pseudomonas overgrowth, and

induced an inflammatory response leading to villus blunting, or flattening of

the surface. Microbial metabolism of undigested proteins in the colon causes

increased ammonia production along with a rise in pH, disrupting acetate

synthesis. (As you may remember, acetate is a precursor to acetyl coenzyme

A, a molecule that feeds into the citric acid cycle to generate energy for the

cell.) Pseudomonas aeruginosa is one of the few bacteria that can fully

metabolize glyphosate, giving the bacteria a competitive advantage under

conditions of chronic glyphosate exposure. Infection with multiple-antibiotic-



resistant Pseudomonas aeruginosa has become a problem in hospitals in the

United States.39

In addition to disruption of gliadin metabolism due to glyphosate

contamination in enzymes that process proline, another factor contributing to

celiac disease is a deficiency in the clearance of apoptotic cells. Defective

scavenger receptor expression is linked to celiac disease, as are defects in

mannan-binding protein (MBP).40 Inefficient clearance of apoptotic cells likely

leads to immune activation that then causes damage to the intestinal villi.

Glyphosate substitution in the collagen-like stalk region of MBP can cause

defects in both the MBP and the scavenger receptor.

Glyphosate and COVID-19

COVID-19 is a novel infectious viral disease that became a global and

devastating pandemic. However, there is a huge difference in the degree to

which this virus affects people in different countries. Many of the hardest hit

countries, such as the United States, the United Kingdom, Brazil, and South

Africa, make heavy use of glyphosate. Diabetes, obesity, and hypertension,

diseases that are prevalent in the industrialized nations, are well-established

risk factors for mortality from COVID-19.41 Glyphosate use in the United

States is highly correlated with the rise in these conditions.42 It is becoming

clear that a major factor leading to severe disease is an overzealous response

by the adaptive immune system, leading to increased antibody production and

a cytokine storm.43 This response can be expected because of glyphosate’s

severe disruption of the innate immune system, which would ordinarily play a

critical role in clearing the virus. Finally, there is increasing awareness that

patients who recover from COVID-19 may develop autoimmune disease

consequently, due to overproduction of antibodies to viral proteins that attack

the host through the mechanism of molecular mimicry.44 Few researchers are

talking about glyphosate in the context of SARS-CoV-2. But they should be.

Chronically Exhausted



Chronic fatigue syndrome is a common but poorly understood disease. People

suffering from chronic fatigue experience cognitive impairments, disturbed

sleep, and physical exhaustion after exercise. It’s often brought on by an

infection that develops into a chronic condition after the infection resolves.

Some researchers argue that chronic fatigue syndrome is best understood

as an autoimmune disorder developing from gut dysbiosis and a leaky gut

barrier.45 Microbes that would normally stay in the gut migrate into the

general circulation, causing an immune response. This results in sustained

production of memory B cells that produce antibodies in response to the

antigens produced by the microbes. On top of that, viral infections,

particularly the Epstein-Barr virus, which is often associated with the disease,

can lead to the development of permanent antibodies. All these antibodies run

the risk of becoming autoantibodies that attack the body’s own proteins that

are essential for energy production in the mitochondria.

Interestingly, one person who contracts Epstein-Barr might experience

no ill effects while another who contracts it might suffer chronic fatigue for

years. Why might this be? Could an overexposure to environmental toxicants

prompt the body to misstep into autoimmunity? Could glyphosate’s

disruption of the gut microbiome, induction of a leaky gut barrier, and

suppressive effect on innate immunity be the trip wires to induce susceptibility

to chronic fatigue and other syndromes?

We are seeing a rise in autoimmune disorders not only in humans but

also in pets. Dogs suffering from autoimmune thyroid disorders are

sometimes prescribed thyroid replacement hormones. Canine lupus is also

becoming increasingly common, as is canine inflammatory bowel disease

(IBD).46 Cats, too, suffer from feline systemic lupus erythematosus, which can

have a variety of symptoms, including skin lesions and lameness. Feline

autoimmune disorders, including arthritis, IBD, and immune-mediated

hemolytic anemia, are also on the rise. Even horses are experiencing

autoimmune diseases.47

As I mentioned previously, there is no question that environmental toxins

and toxic chemicals are playing a role in provoking autoimmune diseases. It’s

not just that we may be “too clean,” as the hygiene hypothesis suggests. It’s

also that we are overmedicated and overexposed to heavy metals and other



cell-damaging toxins, such as those from mold. Both medical and animal

doctors have pointed to the overuse of antibiotics and over-vaccination as

probable triggers for autoimmune disorders. But glyphosate, through its

disruption of the gut microbiome and its insertion in place of glycine in diverse

proteins, impairing their folding and their function, is also a major culprit.

Once you understand the mechanisms by which glyphosate is causing

damage to human (and microbial) health, you see how the presence of

glyphosate in living tissues can exacerbate health conditions that may have

initially been triggered by something else. Autoimmune diseases are like a fire

that the body is struggling to get under control. Sometimes they seem to go

out—you can go for weeks or even months or years without symptoms—and

then they flare up again, causing debilitating problems and pain. What stokes

the fire of these relapsing and remitting diseases? The conventional answer is

“we don’t know.” But we do. We know that the more often life on Earth is

exposed to glyphosate, the worse it is for all of us.



— CHAPTER 11 —

Reboot Today for a Healthy Tomorrow

Live in the sunshine. Swim the sea. Drink the wild air.

—RALPH WALDO EMERSON

I receive emails and letters from people around the world, every day. They

write to share their stories with me. Some have so many food sensitivities and

allergies that they struggle to find anything they can eat. Others describe

strange and debilitating health conditions that have flummoxed their doctors

for years. Parents of children with autism and other neurological disorders

share their despondency and ask for my advice.

I am grateful for these letters. I’m heartened by the dogged

determination people have to understand what’s making them sick; by their

eagerness to dive into complex science they never learned in school; and by

the humility and openness it takes to change eating and lifestyle habits they

may have had for decades. You’re doing better than you think. Even your

willingness to ask questions, and to read a book like this, is a step in the right

direction. We are up against Goliath. Because the truth is that there are

powerful forces at play that profit, enormously, from making people,

including children, very sick.

Glyphosate is a global threat, and we cannot be satisfied until it is banned

worldwide. The agrichemical industry’s persistent deniability of harm is

nothing short of criminal. Manufacturing plants where glyphosate is being

synthesized need to be shut down. Research dollars need to be spent on

projects that investigate how to get glyphosate out of drinking water, out of

rivers and oceans, out of soil, and out of our bodies. Once glyphosate is gone

for good and its residues are no longer detected in our soil, food, water supply,



and urine, we will know that we have won. It’s time to change. We need

solutions for producing food using renewable agriculture, practices that

improve the soil year by year instead of contaminating it. We must never make

the mistake we made with DDT and simply substitute glyphosate for other

toxic herbicides.

I believe that glyphosate is the most dangerous environmental chemical

we face today due to its unique mechanism of toxicity, careless application,

and pervasive presence. But other toxicants are destroying our health and

poisoning our planet, as well. These include aluminum, arsenic, bisphenols

like BPA, fluoride, lead, mercury, phthalates, polyvinyl chloride, polyurethane,

Teflon, styrene, and many others.1 And of course there are other toxic

herbicides, insecticides, and fungicides that are commonly used in agriculture.

As I’ve explained throughout this book, many of these chemicals work

synergistically in a way that amplifies their toxicity. Sometimes the burden to

the body is so great it results in infertility. Even when it doesn’t, later

generations can be harmed by exposures their parents or even their

grandparents experienced when they themselves were young.

If you’re like me, it’s hard to fathom that entire industries, or even whole

sectors of the economy, could be predicated on human sickness. It’s simply

hard to believe. Perhaps the most dissonant realization we must confront is

that the health care sector is predicated on making and keeping people sick.

When you follow the money, you realize that the pharmaceutical industry, and

most of the medical establishment, make the bulk of their profits from

treating symptoms of chronic illness. The pharmaceutical industry has

experienced tremendous growth in the past 20 years; the research, production,

and distribution of medication is so lucrative that it generates $1.25 trillion in

revenue in a single year.2 Autoimmunity alone is a $108 billion industry.3

There is little incentive to identify and correct the root causes of chronic

disease or empower people to keep from getting sick in the first place when

there’s so much profit to be made. Quite the opposite, in fact. The

pharmaceutical industry thrives when America is unhealthy. Vibrant good

health harms its bottom line.

That’s the bad news. And it’s easy to get lost in the weeds of despair

thinking about how unchecked human activity is poisoning plants, animals,

waterways, and ourselves. But there’s also a lot of good news. One by one,



people are waking up and realizing the urgency of the crisis we face,

recognizing that we must focus on improving the soil and the nutritional value

of food rather than just on yield. Small organic farmers are the superheroes of

the twenty-first century, as are the health advocates, political activists, and

lawyers who are fighting Bayer AG and other chemical companies and urging

lawmakers to stop turning a blind eye.

Regenerative techniques can heal the Earth, arresting and even

mitigating climate change by sequestering carbon in the soil. We can identify

organic products that reduce weed growth without poisoning the Earth or the

organisms that live in and on the soil. The human immune system functions

best when the human it is protecting is well fed and toxicant-free. If food crops

are well supplied with nutrients, they, too, are hardier, better able to withstand

fungus growth and insect attacks. This creates a cycle of health, reducing the

need for fungicides, insecticides, and herbicides. We have the individual and

the collective responsibility, as well as the power, to stop the worldwide use of

glyphosate.

As the “sick care” sector serves its own ends to keep people chronically

ill, many alternative medicine practitioners are finding new ways, or

rediscovering ancient ways, to help people heal using foods, herbs, and other

natural products instead of synthetic drugs that disrupt biological pathways. I

envision a future, hopefully soon, when humans become shepherds of the

Earth and people enjoy strong and healthy lives free of pain and full of joy. We

have the capacity to pull this off. We just need the will.

My goal is to open your eyes to the science that implicates glyphosate. As

overwhelming as some of this is, this information is a call to action, not a

reason to despair. When we know better we do better. We don’t have to leave

a toxic legacy to our children and our children’s children.

The biochemistry of our bodies is marvelous and miraculous. Much of

the damage caused by glyphosate and other chemicals is reversible. Think of

your health as a barge that’s been slowly heading out to sea in the wrong

direction. It takes a lot to turn it around. It won’t happen overnight, but it will

happen. And once you’re back on track with your health firmly in your own

hands, you’ll be amazed at how much more energy you have, how much

clearer your skin is, how much sharper your brain becomes, and how much



better you feel. Knowledge is power. There are simple, powerful changes you

can make right now that will make a world of difference.

Eat Real Food

The most important step you can take toward a long and healthy life is to eat

wholesome, nutritious, real food. If you’re fortunate enough to have access to

farmers markets, community supported agriculture (CSA) networks, food

cooperatives, or your own garden, that’s your best bet for knowing what your

food is, how it was grown, and if anything poisonous was applied to it. If you

don’t have access to this level of real food, and many people don’t, look for the

“Certified Organic” label (if you’re in the United States) wherever you buy

your food. Certified Organic labeling is not perfect, and it’s no substitute for

buying real food from a local farmer, but it is a simple way for consumers to

choose foods that are less likely to be contaminated with glyphosate. Also,

genetic modification is not allowed in certified organic foods. Wherever you

buy your food, do your best to have the bulk of your diet be whole real food

instead of packaged food-like substances. Even when packaged products are

labeled as organic and GMO-free, they still aren’t necessarily healthy foods.

Broken down into basic nutrients like sugar, flour, and oil, packaged organic

food leaves out all the complex organic molecules and many of the

micronutrients that offer many benefits to health, some of which are not yet

even understood.

Journalist and food writer Michael Pollan recommends frequenting the

perimeter of the grocery store. Stock up on fresh vegetables, f resh fruits, wild

fish, and grass-fed, grass-finished organic meats, if they’re available. Avoid

boxed foods with long lists of ingredients, especially if the ingredients are

unrecognizable to you; packaged foods often include mold inhibitors, artificial

dyes, and artificial colorants. And if you feel overwhelmed, start small and see

what’s available. Grab a few organic avocadoes one week to make guacamole.

Buy a quart of organic plain whole milk yogurt and make some fruit-

sweetened smoothies. Get the good eggs, from chickens with access to lots of

outdoor space, instead of the cheap eggs. They are more expensive than

nutrient-deficient conventional eggs but they are still cheaper than a candy bar.

The gift of lifelong good health is a marathon, not a sprint.



While there is a confusing array of dietary fads claiming that low-fat, or

high-fat, or low-carb, or high-protein is the best, what matters more is the

micronutrient density in your diet. We need not only vitamins and minerals

but also the polyphenols and flavonoids in fruits and vegetables, as well as in

herbs and spices. Many of the herbs that we think of as flavoring are actually

foods that promote health and longevity. These include oregano, rosemary,

basil, cilantro, dill, sage, parsley, turmeric, garlic, and ginger. These foods add

extra flavor and are also vitally important for supporting metabolism and

detoxification. Consider this: In a study of over 11,000 people, scientists

discovered that people who have the healthiest guts eat more than 30 different

types of plants every week.4 Your mom was right when she told you to eat

your vegetables (as long as they’re not contaminated with glyphosate and

other toxicants). What we all need is a rich variety of different foods across the

macrobiotic spectrum of fats, carbohydrates, and proteins, naturally flavored

with abundant organic herbs and spices.

Savor Sulfur

Since a deficiency in dietary sulfur, and especially in sulfate, is a factor in many

modern diseases, it’s important to enjoy lots of sulfur-containing foods.

Animal-based protein has higher levels of sulfur-containing amino acids—

taurine, methionine, and cysteine—than plant-based proteins. Seafood, grass-

fed beef, fish, eggs, and cheese are all good sources of sulfur. Among plants,

onions, leeks, garlic, and cruciferous vegetables such as cabbage, Brussels

sprouts, broccoli, and cauliflower are the best sources of sulfur-containing

organic molecules. Garlic, which is a food you should be eating often, contains

allicin, an organosulfur compound that gives garlic its unique odor and is

associated with many health benefits. While people tolerate these foods

differently, all of them are packed with nutrients and fiber and are extremely

healthy.

Cruciferous vegetables contain sulforaphane, an unusual organic

compound that contains two sulfur atoms. Broccoli sprouts contain a high

concentration of sulforaphane. Sulforaphane is produced only in the seed, so a

single broccoli sprout contains as much sulforaphane as a full-grown plant. In

2009, a team of researchers in Italy found that sulforaphane leads to an



increase in glutathione in neurons, protects them from oxidative stress, and

reduces indicators of apoptosis.5 Parkinson’s disease is associated with the loss

of dopaminergic neurons. Sulforaphane seems to help safeguard these

neurons. Indeed, a more recent study on humans suffering from

schizophrenia confirmed that people with schizophrenia have low levels of

glutathione in the brain. This study also found that supplements with

sulforaphane increased brain glutathione.6

Drinking water can be a good source of sulfur. Places where there is a lot

of basalt rock, such as the volcanic islands of Iceland and Japan, are naturally

blessed with high levels of sulfur that feeds into both the food crops and

drinking water. Unfortunately, water processing such as reverse osmosis to

remove glyphosate also removes sulfur.

N-acetyl cysteine (NAC) is a sulfur-containing amino acid. A study on

rats exposed to glyphosate-based herbicides that were also given NAC showed

that it had a prophylactic effect. Supplementation of NAC protected

glyphosate-exposed animals from decreases in glutathione levels in the blood,

liver, kidney, and brain normally induced by glyphosate. Glyphosate also

induced increases in malondialdehyde, which is an indicator of oxidative stress.

Simultaneous supplementation with NAC improved this metric, as well.7

Other sulfur-containing supplements include α-lipoic acid, chondroitin

sulfate, glucosamine sulfate, Epsom salts, methyl sulfonyl methane (MSM), S-

adenosylmethionine (SAMe), liposomal glutathione, taurine, and garlic. If you

soak in a tub of Epsom salt (magnesium sulfate), you absorb sulfate through

your skin. Even better is to bathe in natural hot sulfur springs. Absorbing

sulfate through the skin bypasses the complexities of sulfur metabolism in the

gut, which can be especially problematic in the presence of chronic glyphosate

exposure. Glyphosate causes an overgrowth of sulfur-reducing bacteria in the

gut that can produce excessive amounts of hydrogen sulfide gas, causing

bloating and abdominal pain, as well as brain fog.

In order to properly use sulfate in the body, it is not enough just to be

able to synthesize it. Free sulfate levels in the blood have to be maintained at a

low concentration in order to prevent gelling of the blood. Many herbs and

spices have great nutritional and medicinal value in part because they facilitate

sulfate transport in the blood and sulfate delivery to the tissues. These include



berberine, cinnamon, curcumin, resveratrol, and other flavonoids and

polyphenols.

Heal the Gut

Prebiotics are nondigestible plant fibers. These complex carbohydrates, which

cannot be digested by the human digestive system, are fermented by the

beneficial bacteria that live in our intestines (also known as colonic flora).

Prebiotics, such as oligosaccharides and lactulose, can reduce the pH of the

colon and increase butyrate and calbindin, which increases the absorption of

minerals and trace elements. These beneficial changes are mediated by

fermentation of the prebiotics by gut microbes residing in the colon.8 When

we eat mostly processed foods, our bodies become deficient in prebiotics.

Eat foods that are high in prebiotics at every meal. These foods include

asparagus, artichokes, bananas, dandelion greens, garlic, leeks, and onions, all

of which are wholesome and delicious. Mycotoxins produced by toxic molds

are present in many foods, but prebiotics can help to boost the supply of gut

microbes able to metabolize these mycotoxins to less toxic metabolites.9

Benefits of prebiotics include an increase in Bifidobacteria and Lactobacilli, a

decrease in pathogenic species in the intestines, production of beneficial

metabolites, improvement in calcium absorption, reduction in protein

fermentation and ammonia production, improved gut barrier function, and

improved immunity.10

Probiotics are living bacteria that promote human health. They can be

found in some naturally fermented raw foods such as kimchee, sauerkraut,

plain yogurt, and kombucha. They can also be found in supplements, though

which brands containing which species of beneficial bacteria that are helpful is

the subject of ongoing scientific debate. Bacillus species are a common choice

for probiotics because they thrive in the human digestive tract and they are

able to survive the acid of the stomach through spore formation. The spores

germinate in the small intestine and can then colonize the gut. A study

involving an eight-week dose of Bacillus subtilis probiotics showed that

inflammatory markers TNF-α and IL-6 were markedly reduced following

treatment.11



Probiotics, which are increasingly recommended to patients even by

mainstream health practitioners, have come under intense scientific scrutiny.

Our bodies are home to trillions of microbes. Most probiotics contain at least

one of over a dozen strains of bacteria. But which live microorganisms and in

what amounts should we consume for them to actually be of benefit? A study

on the health benefits of a formulation containing five strains of spore-forming

Bacillus along with a prebiotic fiber blend produced remarkable results

consistent with the idea that these microbes are clearing glyphosate from the

gut.12 The experimental setup involved a simulation of the human

gastrointestinal tract. Addition of the supplement resulted in increased

microbial diversity in the simulated colon, with an increase in representation

from Lactobacillus and Bifidobacteria, an increase in acetate levels in the distal

colon, as well as increased butyrate and lactate concentrations along the entire

colon. Since glyphosate reduces acetate levels in the gut, and preferentially

kills Lactobacillus and Bifidobacteria, these findings are encouraging.

Supplementing with probiotics has also been found to reduce the risk of

necrotizing colitis (a condition that can be fatal in preterm infants), help

children suffering from persistent diarrhea, and reverse some of the negative

effects of antibiotics.13

Harness the Power of Plants

Polyphenolic compounds are metabolites produced by plants to protect

themselves against disease, infection, and damage. They can be subdivided

into four primary classes: flavonoids, stilbenes, phenolic acids, and lignans.

Many polyphenolic compounds have been found to help prevent diseases,

including cancer, diabetes, cardiovascular disease, and neurodegeneration.

They are present in a wide variety of plant-based foods, including fruits,

vegetables, herbs, cereals, tea, coffee, nuts, seeds, and beer. Some that you may

be familiar with are quercetin (in green tea), berberine (from the barberry

bush), resveratrol (found in grape leaves and wine), and turmeric (in curry

powders).14 Polyphenols seem to protect against cancer by preventing

endothelial-to-mesenchymal transformation, a crucial step in progression

toward a tumor.15 A diet consisting primarily of heavily processed foods is

deficient in polyphenols.



Researchers are puzzled as to exactly how polyphenols work in the

human body, mainly because they rarely make it into the general circulation.

They are circulated between the gut and the liver, and the liver modifies them

through conjugation with sulfate, glucuronate, and methyl groups. I suspect

that polyphenols act as carriers of these biologically useful molecules. Their

phenol-based rings are likely crucial for enabling efficient transfer of their

conjugated unit to another molecule in the glycocalyx. In particular, they

would serve to enhance the supply of sulfate and glucuronate to the mucins in

the gastrointestinal wall, supporting gut health.

When avocados are in season, my husband Victor and I often make a

delicious guacamole as the main dish for our lunch. We spice it up with

tomatoes, coriander, onions, garlic, jalapeño peppers, and fresh lime juice.

The avocado provides healthy polyunsaturated fats that are good for the brain,

as well as folate, fiber, vitamin K, and copper. The other ingredients, especially

the coriander, garlic, onions, and peppers, provide a wide array of complex

polyphenols, terpenoids, and flavonoids. There’s vitamin C in the tomatoes

and lime juice, and sulfur in the garlic and onions. And so much tastier than a

vitamin pill!

Eat Your Antioxidants

Glutathione and vitamin C are important antioxidants in both the liver and the

blood, as well as other parts of the body. As you know, glyphosate disrupts the

supply of glutathione in the liver, as does acetaminophen. Since glyphosate

and many other toxicants induce oxidative stress, it is important for us to keep

our bodies’ supply of these two antioxidants as high as possible.

Glutathione is found naturally in some foods. Asparagus, avocados, okra,

and spinach are some of the richest dietary sources. But you can also boost

your glutathione levels by eating foods that are rich in sulfur-containing amino

acids, such as taurine, cysteine, and methionine. Good options include nuts

and seeds, as well as beef, cheese, chicken, duck, eggs, fish, pork, soy, and

turkey. Assuming the enzymes needed to synthesize glutathione from these

precursors are functioning properly, the body can make glutathione from

these sources. Since glycine is also a component of glutathione, eating glycine-

rich foods such as organic beef broth can also help.



Eating foods that are rich in vitamin C will reduce your need for

glutathione, because vitamin C is also an effective antioxidant. Many fruits,

particularly grapefruit, lemons, limes, and oranges, are rich in vitamin C.

Vegetable sources are, too. Broccoli, Brussels sprouts, and kale, as well as

herbs and spices such as parsley and thyme, are surprisingly rich in vitamin C.

The takeaway message here is to use fresh spices liberally to make your food

more delicious and nutrient dense. Enjoy fresh fruits as often as possible,

preferably at every meal. Just make sure the fruits and vegetables you are

eating are either certified organic or grown without pesticides and herbicides.

You don’t want the benefits of these powerful foods to be undermined.

And Don’t Forget the Minerals

Glyphosate is a major metal chelator, particularly for +2 cations such as iron,

magnesium, manganese, cobalt, copper, and zinc. As such, glyphosate makes

these essential nutrients less available to exposed crops, which translates to

deficiencies in the foods. I don’t recommend specific mineral supplements

because taking a lot of supplements can lead to biochemical imbalances, but

products are available that offer multiple minerals packaged up into a single

supplement that may help offset nutrient deficiencies in the food supply. A

simple thing to do is to switch from table salt (sodium chloride) to

Mediterranean sea salt or Himalayan salt in cooking. These contain multiple

minerals in the balance such as they exist in nature. Eating foods that are

naturally nutrient-dense and rich in minerals, such as bone broth, seafood,

eggs, and organ meats, is the best option for maintaining a balanced supply of

the various minerals.

Vegan Vexations

The vegan diet excludes not only all meat but also animal-derived products

such as cheese, eggs, and honey. Veganism has gained considerable

momentum in recent years, and it is championed not only as a healthy diet but

also as a way to help save the planet. The argument is that it takes much more

energy to produce animal-based foods than plant-based foods. Cows belch and



expel methane (CH4), which accounts for over 5 percent of human-generated

greenhouse gases.

While these are important considerations, it’s much more difficult for

humans to get adequate nutrition eating only plants. A plant-based diet

reduces your ability to get adequate amounts of sulfur-containing amino acids.

Just as worrisome, cobalamin is completely absent in a plant-based diet. And

there is no taurine in a plant-based diet unless you enjoy the edible seaweed

found along the coasts of the Caribbean, Japan, and Southeast Asia. Red algae,

which includes mafunori, fukurofunori, kabanori, and ogonori (or ogo), are

relatively high in taurine.16 Green seaweed has become a popular snack for

children of health-minded American parents, but, unfortunately, brown and

green algae contain no taurine. As much as I encourage you to eat plants, lots

and lots of plants, I don’t think a strictly vegan diet promotes health, well-

being, or longevity in most humans.

Should Humans Be Eating Cows?

It’s hard to go wrong if you prepare your own home-cooked meals using fresh

unprocessed ingredients that are sourced from local organic farms. I believe

this is the most important step you can take to promote health and longevity.

But one of the foods that some champion and others insist is harmful is beef.

Sally Fallon Morell is the founding president of the Weston A. Price

Foundation, an organization that promotes traditional foods that were

widespread prior to twentieth-century industrialization. Fallon Morell

advocates a return to nutrient-dense diets that include raw milk, animal fats,

organ meats, beef broth, and fermented foods. As a big fan of her work, I have

attended the Wise Traditions Conference every year for the past 10 years. One

of the foods Fallon Morell promotes is grass-fed beef. Grass-fed beef is a source

of many valuable nutrients such as heme iron, taurine, B vitamins (particularly

cobalamin and choline), minerals, and healthy fats.

There is an important distinction to understand. Factory-farmed cows

confined to small pens are fed predominantly GMO Roundup Ready corn and

soy products. These animals suffer for their entire lives. They’re then herded

through a chute to be weighed, put into holding pens, and taken to a kill floor.

A cow that’s frightened before it is butchered has so many stress hormones in



its bloodstream that it can affect the taste and the color of the meat. And, as I

mentioned in chapter 7, American cattle farmers frequently administer

ractopamine, which is so dangerous it’s been banned by more than 160

nations, to their farm animals to keep the meat lean. Factory farming is not

beneficial to our health or our planet’s ecosystem. It’s also not humane.

Pasture-raised animals are a different story. Cows that free range over a

large area make manure that naturally fertilizes the grass, and their grazing

stimulates its growth. This makes the grass healthier and, in turn, increases

the amount of carbon that is converted to organic matter in the soil. Humans

are unable to digest grass, so any beef derived from grass-fed cows is a way for

humans to indirectly convert grass into a food source. There are vast acres of

grass growing in regions where farming is not possible due to insufficient rain

or poor soil quality. But this acreage is perfect for grazing cows. Grazing cows

have a much better life than factory-farmed cows. They belch and expel less

methane gas because their diet is healthy. As opposed to manure from

confined animals, which is a toxic waste product that pollutes the soil and

ground water, the manure of grass-fed animals makes an excellent natural

fertilizer.

The vegan equivalent of a hamburger is not a healthy or sustainable

option compared to hamburgers made from natural grass-fed beef.17 One

brand of vegan burgers, the Impossible Burger, is made by growing genetically

modified yeast, which has been engineered to produce a soy-based vegetarian

heme product called soy leghemoglobin. This is not something humans have

evolved to eat. The engineered molecule is added to soy in order to produce a

vegan burger with a meaty taste. But soy monocropping using chemical-based

agriculture is not good for the planet. Despite the hype, major advertising, and

a state-of-the-art interactive website, eating an Impossible Burger is not

superior, ecologically, to eating a grass-fed beef burger.

The Beyond Burger, manufactured by the Beyond Meat company, is

another fake-meat burger with ingredients that include pea protein isolate,

canola oil, coconut oil, yeast, natural flavors, gum arabic, sunflower oil, salt,

succinic acid, acetic acid, non-GMO modified food starch, cellulose from

bamboo, methylcellulose, potato starch, beet juice extract, citrus fruit extract,

and vegetable glycerin.18 It’s best to avoid Frankenfood like this. While both

the Impossible Beef burger and the Beyond Meat burger contain glyphosate,



the watchdog organization Moms Across America found 11 times as much

glyphosate, which is made with Roundup Ready soy, in the Impossible Beef

burger.19

The Importance of Sunshine

Most Americans, as well as humans around the world, are increasingly

deficient in vitamin D. Although we are not photosynthesizers like plants, our

bodies utilize sunlight to synthesize this important fat-soluble hormone.

Sunlight exposure, to both the skin and the eyes, is vital to health and well-

being. We have been told for so many years without nuance that the sun is

toxic. But the sun has always been a resource for planet Earth. Just as sunlight

is essential for plants to grow, it plays an essential role in energizing animals,

including humans.

People who live in places with little sun have a higher risk of many

chronic conditions, including multiple sclerosis, diabetes, cardiovascular

disease, autism, Alzheimer’s disease, and age-related macular degeneration.20

When a team of Swedish scientists analyzed the behavior of nearly 30,000

women in Sweden, following them for almost two decades, they found that

the women who lived longer and had fewer heart problems were the ones

who spent more, not less, time in the sun. Those who actively avoided the sun

had a twofold higher mortality rate compared to those who actively sought

sunlight exposure.21

One of the most important things you can do to improve your overall

health is to get out in the sunlight every day for at least a half hour, even more

if you have dark skin, without sunscreen or sunglasses. Humans evolved in a

world where the sun was always available, and biology never ignores a chance

to capitalize on an energy source. The skin is essentially a solar-powered

battery. Sunlight is translated to energy by the extraordinary physical

properties of water. Infrared light grows exclusion zone water by at least

fourfold.22 UV light energizes water molecules to mobilize protons and

electrons. The electrons induce the production of superoxide from oxygen.

Sulfur is oxidized by superoxide to produce sulfate through the sequential

action of eNOS in the membrane and sulfite oxidase. The resulting sulfate



anion captures energy from the sunlight in a useful form, and this energy is

vital for the health of circulating blood.23

Most people see sunlight as useful only for the production of vitamin D.

They figure they can just take a vitamin D supplement and avoid the sun.

While over a hundred peer-reviewed scientific studies have demonstrated that

people with high levels of vitamin D are at lower risk of a long list of

debilitating diseases, controlled studies involving vitamin D supplements have

been disappointing. Vitamin D is well known for its ability to build strong

bones and teeth but a three-year study published in 2019 involving patients

who took three different amounts of vitamin D supplements (400

international units [IUs] per day, 4,000 IUs per day, and 10,000 IUs per day)

showed that those on the highest doses of vitamin D actually had significantly

worse outcomes in bone mineral density.24 Vitamin D is a signaling molecule.

When you get it f rom the sun, you also get a boost in cholesterol sulfate. If

you take vitamin D in supplement form, you don’t get the concomitant

increase in cholesterol sulfate. So the vitamin D essentially signals with a false

message, causing cells to respond inappropriately, which may negate some of

the potential benefit.

Consider this: Indian researchers tried two different interventions to treat

a population of a hundred men diagnosed with vitamin D deficiency at onset.

Half the men were “treated” with sunlight exposure for 20 minutes midday,

every day, and the other half were treated with a vitamin D3 supplement of

1000 IU/day.25 While those taking the supplement had a larger increase in

serum vitamin D post treatment, they also had a significant increase in serum

LDL cholesterol, the indicator that prompts doctors to prescribe a statin drug.

On the other hand, those treated with sunlight exposure saw their cholesterol

levels drop. The reduction in serum cholesterol with sunlight exposure is likely

due to the increased availability of cholesterol sulfate, produced in response to

sunlight exposure in the skin, facilitating cholesterol delivery to the tissues.

This explains both the drop in serum cholesterol and the benefits of sunlight

to cardiovascular disease prevention found in population studies of those who

live in sunny, versus rainy, regions of the world.

Oh, and Ditch the Sunscreen



Malignant melanoma is a lethal form of skin cancer. Over the past 50 years,

incidence of melanoma has risen faster than that of almost any other cancer.26

Melanoma accounts for the majority of deaths from skin cancer. Over this

same time period, the use of sunscreen has skyrocketed. You can’t go to a

beach in America, or even a park, without seeing people slathering thick layers

of sunscreen and sunblock all over their skin. Sunscreens today offer much

higher sun protection factor (SPF) levels: as high as SPF 64, which is 10 times

the amount used in the 1960s when my children were growing up. The main

justification for the widespread use of sunscreen is to protect us from skin

cancer. Yet increasing usage correlates strongly with increasing rates of the

deadliest form of skin cancer.

Why are skin cancer rates climbing? Could sunscreen be a causative

factor? Perhaps. Zinc oxide (ZnO) nanoparticles are commonly found in

sunscreens. They work by helping to block UV rays. But ZnO is cytotoxic to

human cells grown in culture, even in the absence of sunlight exposure.27 Cells

exposed to concentrations ranging from 8 to 18 μg/ml of ZnO exhibit

membrane leakage and oxidative stress. These cells have elevated levels of

reactive oxygen species, depleted glutathione, and increased damage to cellular

fats. Some scientists argue that the ingredients in the sunscreen are oxidized

into toxic chemicals in the presence of stimulation from rays of sunlight.28 So

sunscreen doesn’t just block the sunlight you need; it actually photogenerates

destructive reactive oxygen species.

The aluminum commonly added to sunscreen to improve its texture and

transparency and to prevent clumping of titanium dioxide is also problematic.

Christopher Exley, PhD, is a chemist and an expert on aluminum whose work

I mentioned in chapter 9. When Dr. Exley investigated aluminum-containing

sunscreens he found that their use could result in about 200 mg of aluminum

on the skin with each application.29 WHO recommends reapplication of

sunscreen every 2 hours, which means a day at the beach could result in as

much as a gram of aluminum applied to the skin. Aluminum readily

penetrates the skin barrier and is absorbed into the bloodstream. It is

synergistically toxic with glyphosate. Both aluminum and glyphosate

contribute to blocking synthesis of sulfate. Aggressive sunscreen use may be

one reason for the epidemic of systemic sulfate deficiency.



There’s more: Glyphosate may also be contributing to the risk of skin

cancer by interfering with the supply of melanin, the natural protective

pigment that produces a tan. Melanin is derived from tyrosine, a product of

the shikimate pathway, which glyphosate disrupts.

Play in the Dirt!

Children don’t play in the dirt as much as they used to. But making mud pies

isn’t just about imaginative play. Playing in the dirt enhances well-being, both

for children and grown-ups. In the cultures around the world where people

live hardy, healthy lives well into old age, nearly everyone has a garden.

Growing your own food, coaxing flowers into bloom, and touching the soil

are all healthful activities.

Both the soil microbiome and the gut microbiome have deteriorated in

recent times, due to industrial-based agriculture and reduced human contact

with healthy soil.30 I feel sad that in some places it’s no longer safe for children

to play in soil, because you never know what heavy metals or toxic chemicals

might be lurking there. Scientists believe that getting dirty was essential for

the evolution of the human gut microbiome and that it’s still essential for

humans to thrive. Soil is an inoculant that provides a renewal of beneficial

microbes. But spending too much time indoors and on screens has taken us

away from frequent exposure to soil. This reduces the diversity of our

microbiome, which harms our health. And, of course, the soil microbiome

also suffers from pesticide exposure. Diminished soil diversity leads to reduced

nutrient uptake by plants, just as a reduction in our own microbiome

interferes with nutrient absorption past the gut barrier.

We need to let our kids delight in collecting earthworms, stepping in

mud puddles, and playing outside. We adults need to enjoy the outdoors as

well, allowing ourselves to get dirty, walk barefoot, and spend time in nature.

In doing so we expose ourselves to microbes that enrich the diversity of

species in the gut that lead to improved health.

Get Your Feet Back on the Ground



Getting good grounding is another easy thing to do to supply negative charge

to the body, which supports good blood circulation and creates a stable

internal bioelectric environment. Grounding is not just for your crazy hippie

neighbor. Studies have shown that grounding, or earthing, can alleviate

symptoms of chronic stress, inflammation, sleep disturbance, cardiovascular

disease, and hypercoagulation of the blood.31 The earth is a giant negatively

charged ball, and when you walk barefoot on the ground, electrons move

freely into your body. Especially effective is to walk barefoot in the shallow

water of a sandy beach on a sunny day. The ocean air is rich in sulfur, and the

water provides excellent conductance to enhance the effects of grounding.

There’s a reason you feel calmer, more peaceful, and more alert at the beach.

Avoid EMFs

Exposure to human-made electromagnetic fields (EMFs) has been increasing

enormously. We are all being exposed to a mix of EMFs as we are bombarded

by electrical charges from our appliances, smartphones, lights, television sets,

and powerlines. EMF exposure is a growing concern among parents of

children who now spend hours with iPads and smart phones in their laps.

Humans now use many electrically active devices all day long. These

active devices generate non-natural electromagnetic fields in the surrounding

air. Electromagnetic fields are created around any device that uses electricity.

Even when a table lamp is not turned on, it generates an electric field in the

room around it. (Magnetic fields are created only from moving electric

currents, so they are generated only once the light is turned on.) High voltages

are used in transmission lines, so they generate powerful electrical signals. The

current that flows through them (and consequently the magnetic field

strength) varies with power consumption. A cell phone generates a fairly

strong electromagnetic field even when it is not being actively used. The

individual frequency distribution varies from device to device, and there has

been insufficient study conducted to determine if long-term exposure to these

devices is damaging to our health. These nonnatural frequency disturbances

may interfere with sleep. It’s best to turn off the internet access in your phone,

tablet, or computer at night.



We don’t think of ourselves this way, but we humans are electric. There

are thousands of biochemical reactions normally occurring in our bodies every

second. Our neurons relay signals via electric impulses, our hearts are

electrically active, and our digestion is based on biochemical reactions via the

rearrangement of charged particles. This is all part of being alive. But human-

made EMFs can be hazardous to our biochemistry.

Martin Pall, PhD, professor emeritus of biochemistry and basic medical

sciences at Washington State University, is an expert in multiple chemical

sensitivities and chronic fatigue syndrome. After over 25 years of research, Pall

has demonstrated that overexposure to EMFs can harm the nervous system,

the endocrine system, and even our DNA. Pall’s research shows that

electromagnetic fields activate voltage-gated calcium channels and induce

calcium uptake into neurons, leading to neurotoxicity.32 As we’ve seen,

glyphosate has a similar effect, suggesting that it may be synergistically toxic

with EMFs.

We can’t stop the onslaught of electrical impulses coming our way. But

we can take some simple steps to reduce exposure. Use an Ethernet cable at

work, and get in the habit of turning off the Wi-Fi on your computer or laptop

when not needed. Always put your phone in Airplane mode before going to

bed. Have your children dock their electronics outside of their bedrooms.

Unplug appliances when they are not in use. The microwave oven in your

kitchen is also a source of EMFs, so quickly walk away after you turn it on.

Even better, use the stove or a toaster oven to heat up leftovers.

Good Riddance to Bad Rubbish

“What can I do to clear glyphosate from my body?” is a question I get asked

over and over again. I am saddened by how many young people and young

families are suffering from avoidable health problems. I’m angered that this

herbicide has been on the market for 45 years, and that we’ve been duped into

believing it’s nontoxic to humans, animals, and ecosystems. I believe we can

do so many things to take control of our own health—and I’ve just

enumerated those that I think are most important. But the truth is also that

glyphosate is pervasive and nearly impossible to avoid entirely. Glyphosate

needs to be banned. We need a global commitment to regenerative farming



practices. And we need to attend to and nurture the land, ecosystems, and

organisms that have been harmed by our shortsighted and greedy practices. I

know this can be done. Let me begin with a story:

Gabe Brown had been farming for 10 years when he began working with

his father-in-law on the family’s 5,000-acre ranch, which had grown wheat,

oats, and barley conventionally for years. After a few years, Brown and his wife

purchased one-third of the ranch from her parents. For the next four years in a

row, he watched his crops fail, mostly due to drought. Close to bankruptcy,

Gabe cut way back on the use of herbicides, fertilizer, and pesticides. He

started grazing cattle right on his fields of cash crops. The weeds accumulated.

Then something unexpected happened. Earthworms, praying mantises,

and ladybugs slowly returned. The bees flew in their shaky circles around the

flowering weeds, dipping their straw-like proboscises into the liquid nectar,

brushing against the stigma and stamens and then rubbing some of the pollen

off on the next flowering weeds. With an abundance of insects, the birds also

came back.

This is how Gabe Brown discovered the effectiveness of regenerative

agriculture. He started using chemical-free no-till methods with a multi-

species cover crop to renew the soil during the off-season and minimize weed

growth. Gabe’s ranch, in Bismarck, North Dakota, now profitably produces a

wide range of cash crops and cover crops, along with pastured beef, lamb, and

chicken, which he sells directly to consumers.

Tainted soil cannot produce healthy plants. Under some conditions,

glyphosate degrades quickly in the soil and is mostly gone within two weeks

of application. However, Roundup and other glyphosate formulations last

much longer in certain soil types. In fact, glyphosate and other pesticides and

herbicides can be biopersistent for years. In the sandy loam soil often favored

for gardening and agriculture because it retains nutrients well and allows

excess water to drain away, glyphosate will persist for at least four months.33

How do we say good riddance to bad rubbish? Once we know that we

don’t want to be poisoning our planet with glyphosate, how do we get rid of

it? That’s a question that scientists are trying to answer. Finding new

approaches to glyphosate remediation and degradation is not easy. Some of

the methods being tested include electrochemical oxidation, photocatalytic

degradation, hydrolytic degradation, and microbial degradation and



adsorption, which takes advantage of complex molecules in the soil such as

kaolinite, illite, and bentonite clay to trap glyphosate due to its negative

charge, making it easier for microbial enzymes to biodegrade glyphosate.34

Brawny Bacteria

Microbial degradation, harnessing the power of bacteria, may be the most

promising option for glyphosate remediation. Bacteria are amazingly and

wonderfully adaptive, and there are a handful of microorganisms that are able

to use glyphosate as a source of phosphorus, carbon, and nitrogen.35

Bacillus subtilis, also known as hay or grass bacillus, are rod-shaped

bacteria found in the intestines of cows and other ruminants, as well as in the

soil. Not only can they survive in extremely high concentrations of glyphosate,

they can also process it. Under optimal fermentation conditions, Bacillus

subtilis can degrade 65 percent of the glyphosate in their environment, even at

high concentrations.36 Critical to their success in degrading glyphosate is the

presence of an isoform of the enzyme carbon-phosphorus lyase that can break

the unusual carbon-phosphorus bond in glyphosate’s methylphosphonyl unit.

Specialized bacteria such as Bacillus subtilis offer a promising solution for

bioremediation of highly polluted soil.

By growing cultures from soil samples taken from rice fields in eastern

Nigeria, researchers managed to isolate two microbes, Pseudomonas fluorescens

and members of the genus Acetobacter, that were able to use glyphosate as the

source of phosphorus to grow.37 These bacteria are able to fully biodegrade

glyphosate. Whether the Acetobacter species present in fermented foods are

also able to degrade glyphosate remains unclear; but, if this is the case, it

would greatly strengthen an argument for eating fermented foods.

The Magic of Compost

Composting is an amazing process that converts organic materials such as

food waste and brush into a nutrient-rich soil amendment. Composting takes

advantage of bacteria to accelerate the decay process. When you build up a

compost heap, much of its value lies in the humic and fulvic acids, which are



complex organic molecules that possess remarkable properties. Created by

microbes during the degradation of organic matter, humic and fulvic acids can

act as photosensitizers, retain water, bind to clays, stimulate plant growth, and

neutralize pollutants.38 The enrichment of humic and fulvic acids in the soil

can help to remove glyphosate from the soil and prevent its uptake into the

plants.

Humans, too, may benefit f rom humic and fulvic acids to help with

glyphosate detoxification. In fact, they are now promoted in supplement

form.39 It’s believed these molecules bind ionically with glyphosate and then

carry it out of the body through the feces. Some functional medicine

specialists recommend humic and fulvic acids to help clear glyphosate in their

patients.

Botulin toxins are among the most toxic agents known to biology; they

work by disrupting acetylcholine receptors, causing paralysis. They are

produced by the pathogen Clostridium botulinum. Glyphosate toxicity among

dairy cows in Denmark appears to be causing chronic botulinism, probably by

killing the microbes that can metabolize the toxins.40 A study published in

2014 showed that feeding cows charcoal, sauerkraut juice, and humic acids led

to a decrease in glyphosate levels in the urine and a reduction in C. botulinum

antibodies.41 Another study published the same year showed humic acid

inhibited the deadly effects of glyphosate on beneficial bacteria, possibly by

reducing its bioavailability.42

Wood-degrading fungi are able to degrade complex biomolecules, such

as cellulose and lignin, in wood that are normally resistant to degradation. The

enzymes they use to do this are powerful and general in their capabilities and

have been found beneficial in clearing many synthetic chemicals, including

glyphosate.43 Examples include laccase, a phenol oxidase, and peroxidases.

These enzymes work by oxidizing their substrate to a highly reactive

intermediate that then breaks down the lignin or herbicide.44

Humic acid may contain these powerful enzymes produced by fungi.

When Italian scientists studied four enzymes that are commonly found in

association with humic acids—manganese peroxidase, laccase, lignin

peroxidase, and horseradish peroxidase—they found that manganese

peroxidase was most effective at transforming glyphosate into AMPA.



Manganese peroxidase required manganese sulfate as a catalyst, and this is

potentially problematic in that glyphosate chelates manganese, making it

unavailable. This suggests that manganese supplementation along with humic

acid is called for. Laccase was also able to degrade glyphosate, although with

reduced efficacy compared to manganese peroxidase.45 Since AMPA is also

toxic, there remains the issue of disposing of the AMPA, which might be

achieved by other enzymes provided by the gut microbes.

A Swedish System

Another interesting remediation strategy was developed in Sweden about 20

years ago and is now used in many European countries, Canada, and Central

and South America as a way to safely dispose of pesticide waste on farms.46

The strategy involves “biobeds,” which are deep pits in the ground that feature

an impermeable clay layer at the bottom, with a mixture of straw, peat, and

soil above it and grass on the top. The intent of these biobeds is to provide

appropriate nutrition to support bacterial and fungal microorganisms that

have the capacity to degrade pesticides. Simple to install, a biobed can

accelerate the degradation of environmental contaminants.

For homeowners, getting rid of Roundup stored in the garage or

basement can present a serious problem. Pouring it down the drain would be

a disaster, and you also shouldn’t dump it into the trash. Contact your city

officials or waste management department to find out where you can drop it

off. Some municipalities have regularly scheduled hazardous waste disposal

days, usually at the local waste transfer station. Waste management facilities

usually dispose of waste materials through incineration or using industrial

furnaces that can recover gases such as methane and other usable forms of

energy. Or they might bury toxic waste at landfill sites. Whether the

glyphosate is fully degraded through such processes, and how long it takes, is

not clear.

What about Water?

While no detectable amount of glyphosate should be considered safe, the

United States currently allows up to 700 micrograms of glyphosate per liter of



tap water.47 The European Union has much stricter regulations. These

restrictions have motivated European researchers to study the effectiveness of

various methods to remove glyphosate from contaminated water. Carbon

filters are ineffective, due to glyphosate’s tiny size. Unfortunately, a study

investigating whether carbon filters could remove glyphosate from drinking

water found that the method is effective only when the water is distilled.

Water taken from the Ohio River contained organic matter that bound to the

glyphosate and interfered with its filtration.48

Chlorine and ozone, popular methods used in municipal water treatment

plants to inhibit bacterial growth, are highly oxidizing molecules that are also

good at degrading glyphosate.49 I believe this has reduced glyphosate exposure

in public drinking water. Other practices, such as adding alum to the water to

remove suspended solids from the water, are not effective in removing

glyphosates. Treating water with ultraviolet light alone is also ineffective, but

when used in combination with hydrogen peroxide, it can work well. Chlorine

dioxide is a disinfectant that can kill bacteria, fungi, and viruses. Its effects on

glyphosate are more variable but it can provide degradation under the right

conditions. Chlorine dioxide is sometimes used instead of chlorine in water

treatment plants because it is less toxic than chlorine, but this might run the

risk of not adequately clearing the glyphosate.

—————

It is never too late to change your habits in ways that can improve your health,

your family’s health, and the health of the planet. Let me share with you the

story of Diane and Richard. Diane met the love of her life when she was well

into her 70s. She was walking out of the movie theater and she noticed a man

just ahead of her. He turned around and smiled. They started talking. He had

bright eyes and a fetching smile, sure, but she wasn’t really attracted to him.

Still, there was something about his energy that Diane really liked. So, when

Richard asked her to have coffee with him, she felt intrigued and agreed. And

so began their romance. After two marriages that had both ended in divorce,

Diane is discovering love for the first time. Their relationship is based on

shared values, enthusiasm for the same important causes, and sheer



enjoyment of each other. Diane feels more awake, sexually, emotionally, and

spiritually, than she has in a long time.

I’m telling you about Diane and Richard’s late-summer passion for two

reasons. The first is that it’s never too late to change something in your life, to

open your eyes (and your heart) to a new idea, and to change your way of

thinking. The second is that Richard, for all his lovable qualities, had a bad

habit: he drank Diet Pepsi after Diet Pepsi every day. When they decided to

move in together, Diane insisted that he stop drinking soda. A Wyoming boy,

Richard found it hard to break the habit. But he did! Now he drinks green tea

and bubbly water with lemon or lime. He hasn’t had a Diet Pepsi in over a

year.

Of course, the best way to cure any disease is to prevent it in the first

place. Of course, it would be better if you had been eating organic your whole

life, growing food in your own garden, and staying away from packaged junk

food. Of course, it would be better if you had never been exposed to DDT,

glyphosate, lead, aluminum, or other toxic chemicals. But if you’ve spent your

whole life eating conventionally and ignoring your health, don’t despair. Our

bodies, like the Earth, tend toward healing when we support them. It’s never

too late to start anew.
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Tables

Table A.1. Twenty primary amino acids and their chemical properties.



Table A.2. Proteins involved with ATP binding that are upregulated in E. coli

in response to glyphosate exposure.

Protein Fold

Increase

putative ATP-binding component of a transport system 2.02

D,D-dipeptide permease system, ATP-binding component 2.83

ATP-binding protein of nickel transport system 2.24

ATP-binding component of transport system for glycine, betaine,

and proline

12.96

fused D-allose transporter subunits of ABC superfamily: ATP-

binding components

2.03

ATP-binding component of transport system for maltose 2.38

putative ATP-binding sugar transporter 2.10

putative ATP-binding component of a transport system 3.04

putative part of putative ATP-binding component of a transport

system

2.31

putative ATP-binding component of a transport system 2.30

Note: The number in the right column indicates the fold increase in protein expression. For details, see

W. Lu et al. “Genome-Wide Transcriptional Responses of Escherichia coli to Glyphosate, a Potent

Inhibitor of the Shikimate Pathway Enzyme 5-Enolpyruvylshikimate-3-Phosphate Synthase,” Molecular

Biosystems 9, no. 3 (2013): 522–30, https://doi.org/10.1039/c2mb25374g.

Table A.3. Nine proteins found to contain glyphosate substitutions that bind

to phosphate-containing molecules.

Sequence Protein Name Phosphate

Binding

AIRQTSELTLG*K zinc finger protein 624 DNA

https://doi.org/10.1039/c2mb25374g


Sequence Protein Name Phosphate

Binding

DG*QDRPLTKINSVK pleckstrin homology

domain-containing family

A member 5

PtdIns†

phosphate

EPVASLEQEEQG*K double homeobox protein

A

DNA

G*ELVMQYK diacylglycerol kinase

gamma

ATP

GKELSG*LG*SALK very long-chain specific

acyl-CoA dehydrogenase

mitochondrial

FAD

KDGLG*GDK G-protein coupled receptor

158

GTP

NEKYLG*FGTPSNLGK ATP-dependent Clp,

protease ATP-binding

subunit

ATP

RTVCAKSIFELWG*HGQSPEELYSSLKRNA (guanine(10)-N2)-

methyltransferase homolog

tRNA

VTG*QLSVINSK protein O-mannosyl-

transferase 2

dolichyl

phosphate

Note: G* indicates a glyphosate substitution in the peptide sequence.

† PtdIns = phosphatidyl inositol

Table A.4. Important proteins that bind heparan sulfate as a crucial part of

their signaling mechanisms and to facilitate cellular clearance of debris.

Protein Biological Role



Protein Biological Role

1 antithrombin systemic anticoagulation

2 t-plasminogen activator clot dissolution

3 fibroblast growth factor stimulate mitosis (cell division)

4 interleukins and selectins inflammation

5 ApoE lipoprotein clearance

6 fibronectin cell adhesion

7 laminin cell adhesion

8 type V collagen cell adhesion

9 thrombospondin cell adhesion, growth

Source: Adapted from Table 29.1 in J. D. Esko, “Glycosaminoglycan-Binding Proteins,” in Essentials of

Glycobiology, eds. A. Varki et al. (Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press, 1999).



— APPENDIX B —

Recommended Resources

Organizations and Conferences
Weston A. Price Foundation (www.westonaprice.org): A nonprofit organization that promotes eating

traditional, nutrient-dense foods. Weston A. Price Foundation publishes an informative quarterly

magazine, hosts an annual conference, and raises awareness about the harmful effects of toxins and

toxic chemicals in the food chain.

The Institute for Functional Medicine (www.ifm.org): Functional medicine addresses the root causes of

diseases; and functional medical practitioners seek to heal the whole person, not just prescribe a

certain medicine for a specific illness. Medical doctors who practice functional medicine are often at

the cutting edge of scientific innovation, helping patients be active in improving their health.

Sustainable Agriculture Conference (www.carolinafarmstewards.org/sac): A farmer-driven membership-

based nonprofit that has hosted an annual conference for over 35 years, the Carolina Farm

Stewardship Association offers both practical and philosophical training for anyone interested in

family farming, local agriculture, and organic food practices.

Moms Across America (www.momsacrossamerica.com): An activist organization founded by Zen

Honeycutt, a mother of three, to educate and empower moms about healthy eating and healthy

communities. Their website is a treasure trove of helpful information about glyphosate,

detoxification, and how to become active in the movement to fix our food.

EcoFarm Conference (eco-farm.org): An annual conference sponsored by EcoFarm, an ecological

farming association whose mission is to nurture safe, healthy, just, and ecologically sustainable food

systems. This wonderful nonprofit, founded in 1981 and still going strong, builds alliances, fosters

community events, and celebrates healthy eating and a healthy planet.

The Public Interest Network (publicinterestnetwork.org): A social change organization that has launched

a campaign to ban glyphosate, The Public Interest Network is a nationwide organization that strives

to make our planet’s air, food, and water safer.

Toxic-Free Future (toxicfreefuture.org): This science-forward nonprofit champions using safer products,

chemicals, and practices in order to better the health of humans and the planet. Their website

includes helpful basic information and scientific articles about 21 chemicals of concern.

Children’s Health Defense (https://childrenshealthdefense.org): Founded by environmentalist and

health advocate Robert F. Kennedy Jr., Children’s Health Defense is on the forefront of the

movement to protect children from toxic exposures. They champion vaccine safety, medical

freedom, and government transparency.

AutismOne (www.autismone.org): This parent-centered nonprofit gives support to families affected by

autism. Their annual conference includes medical doctors, researchers, and health practitioners on

http://www.westonaprice.org/
http://www.ifm.org/
http://www.carolinafarmstewards.org/sac
http://www.momsacrossamerica.com/
http://eco-farm.org/
https://publicinterestnetwork.org/
https://toxicfreefuture.org/
https://childrenshealthdefense.org/
https://www.autismone.org/


the cutting edge of treatment for the prevention of and recovery from autism.

Environmental Working Group (www.ewg.org): This is one of my favorite organizations. This nonprofit

empowers consumers to live longer, healthier lives by sharing research and education to drive better

consumer choices and nonpartisan civic action. Their motto is that everything is connected (human

health and the environment), and their website contains a wealth of information about everything

from contaminants in drinking water to biopersistent forever chemicals in the environment.

International Society for Environmentally Acquired Illness (iseai.org): This international nonprofit

medical society raises awareness of the environmental causes of chronic diseases and seeks to help

patients recover their health. You don’t have to be a doctor to join, and their One People, One

Health, One Planet conferences are very informative.

Environmental Health Symposium (www.environmentalhealthsymposium.com): An annual conference

geared toward physicians, which is also open to the public, that highlights how environmental

toxins, including pesticides, herbicides, EMFs, and GMO technology affect human health.

NutriGenic Research Institute (www.nutrigeneticresearch.org): An institute that researches nutrition and

studies how the environment interfaces with epigenetics, as well as what role epigenetic factors

play in human health. Their website is a good place to learn about DNA testing, mitochondrial

disorders, and how single nucleotide polymorphisms may affect your health.

Organic Consumers Association (www.organicconsumers.org/usa): A grassroots nonprofit public

interest group, OCA works to protect and advocate for consumers’ rights to safe and healthy food.

They support regenerative agriculture, corporate accountability, and organic and family farming.

You can find helpful information about local farmers and where to purchase organic food on their

website. They also run public interest campaigns and boycotts.
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