
E toxicus unum? 

On necessary choices for cells in an unhealthy environment. 

 

Somewhere between 10 to 100 trillion cells hold a human body together. These 

numbers change as the body changes. Even at the smaller estimate, 10 trillion cells 

cooperate during daily life. The marvel is that our bodies remain intact for more 

than a few seconds without flying apart, each cell for himself, or herself, rather. It 

is almost unimaginable how so many cells integrate to create a functioning body. 

To maintain our human bodies, about 20 billion cellular replications are performed 

every day. Fault free. Rather, faults must be repaired or a fault-ridden cell needs to 

be ruthlessly eliminated, in order to remove a danger to the rest of the body, 

because faulty cells can send out faulty signals or begin to multiply in an 

uncontrolled manner.  

 

Research on mice shows that damaged cells promote senescence, a theory that has 

been around for a while, but one that is difficult to test. A brilliant study by Baker 

and associates, published in late 2011, tagged transgenic mice with a biomarker 

that were expressed only in cells that became senescent (specific molecular criteria 

apply to define what a senescent cell is). The biomarker, in turn, made such cells 

vulnerable to a drug that selectively killed senescent cells. By administering this 

drug every three days to the experimental mice, the drug killed the cells that 

showed their age and none of the functional cells. The disappearance of the 

senescent cells promoted healthier and longer lives in these experimental mice, 

with significant delays in the onset of cataracts, arterial sclerosis, heart problems, 

loss of muscle mass and age-related frailty and weight loss.1  
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A more natural way to eliminate damaged cells is to avoid accumulating so many 

damaged cells in the first place. By creating and living in an unhealthy 

environment, the underlying health damages can occur decades earlier, precisely 

through cellular changes that eventually creates a domino effect. Prevention 

involves a vegetarian lifestyle, exercise, kindness to nature and other people. 

However, even when the disease state is directly connected to a specific cause 

(smoking, for example), most people find it difficult to arrive at sufficient 

motivation to undertake necessary measures. As it turns out, the body itself has 

measures that get rid of damaged cells and thereby their long-term impacts, 

whereby a certain amount of resilience manifests itself. 

  

Control mechanisms within normal cells cause them to self-destruct, that is, 

commit suicide when it is no longer functional, too old, or too damaged. In other 

words, the cell sacrifices itself and dies so that our greater body remains whole. 

Sometimes these cells are eaten by their neighbors — it is good nutrition, after all, 

proteins, fats, carbohydrates and more. The upshot of this little death is that 

another cell must replace it and perform its function, without stopping to learn a 

new life skill — the integrated on-the-job training to be a kidney cell or lung cell 

has to have happened before it inserts itself into its final position. Tissue must 

continually remodel, in a literal sense. There will be, in a real sense, embryonic, 

young, adult, mature, and old cells in any healthy tissue — a harmonious shifting 

of position and function, an architectural masterpiece where the young gradually 

take on the tasks needed by the tissue (becomes 'differentiated') while the old or 

damaged cells fade out.  
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The circle is endless — but not in reality. Some cell types divide multiple times in 

between doing their daily work (for example, skin, intestines, immune system); 

others have much longer work lives and divide only a few times or not at all (for 

example, nervous system and mature muscle). Yet cells can only divide a certain 

number of times before they, too, must give up the ghost, or rather, their cell body, 

for good. If we, a coordinated 10 trillion member committee, run out of 

replacements, the tissues become less and less functional and the body shuts down. 

If we are lucky, it happens in our sleep. If not, shutting down happens through a 

gradual attrition that creates all the aches and quirks and vulnerability to disease. 

Aging. Not necessarily gracefully. 

 

Why do cells only divide a certain number of times? Can that number of times be 

reset? Back in primordial times, life was only represented by single-celled 

organisms. When a cell had grown to a sufficient size, the cell = the entire being 

divided. The salient point is that single-celled organisms – and very-slow-growing 

organisms – are effectively immortal, unless they are eaten or irreversibly 

damaged. The road to immortality is easy and repeatable: just divide and now there 

are two, then four, and onwards….Life started as an immortal cell line and only 

later 'invented' death. The default state of the cell, from a historical viewpoint, is 

immortal. Our history of continuation spans 3.5 billion years, not bad for wobbly, 

tiny, seemingly defenseless cells.  

 

In 1881, the acclaimed developmental biologist, August Weismann, proposed that 

programmed death was an evolutionary force to counter "useless immortal soma".2 

Soma describes living collections of cells and their matrices, that is, organisms 

such as ourselves. The “useful” exceptions are the reproductive cells that pass on 
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the genetic information needed to resurrect a new organism in the near-image of its 

parent(s).  

 

 Evolutionarily speaking, the primordial cell had an alternative to dying when 

faced with dire external factors. It changed its form into a thickly walled spore and 

grew quiescent. The spore waited for better times and resurrected itself when the 

good times arrived. The ability to change into something else was a specialization. 

In this case the entire organism transformed. Such adaptations allowed survival 

during harsh times and/or allowed  a different sort of life in new habitats.  

 

When groups of cells live together and have different functions, the process 

leading to this is called differentiation.  To differentiate is and was to specialize. 

Cell, tissue, and organ systems reach specialized states that are not broken, except 

by death. Despite several billion years of practice, for individual cells, those three 

options are still the main decision forks in the road: divide, differentiate, or die.  

 

Over time, a high number of controls have evolved precisely to rein in this 

immortal tendency. Why? Immortality seems like a nice state of affairs. However, 

with community living and division of labor in a multicellular creature, 

specialization must arise. Cooperation sets restraints on the whole. If some 

specialized regions divide much faster than others, then unbalance and 

disproportion ruin the whole. We know what cancer does. Controls must hold cells 

to a certain division schedule, a compromise between immortal trends and mortal 

needs. There are an astonishing number of pathways within a cell that keeps it in 

an 'undividing' state, and with luck and cellular repair skills, keeps it in a well-

maintained differentiated mature state, and hence, healthy tissues and organs.  
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Sublethal poisons are sneaky poisons, because they tend to have a paradoxical 

tendency. They 'liberate' controls within the cell, precisely those controls that 

prevent a cell from running its own immortal show at the expense of the rest of the 

organism. When we feed cows growth hormones, we, the milk consumer cannot 

avoid their impact, because the cow does what its body knows what to do: send out 

secondary signals for cell division, including insulin-like growth factors within the 

secretions from its lactating glands, the nutritious milk. Growth equals cell 

divisions and more cells. Within specialized cells and tissues, such temptations 

may lead to disasters. Eons of selection for balancing of the needs of any one tissue 

compared to the needs of co-ordinated whole being means that organisms take out-

of-control division very seriously.  

 

With 20 billion plus daily divisions within a human body, the possibility of some 

cell taking off and multiplying at a highly uncontrolled speed, to become a cancer, 

is always high risk. The immune system is primed to recognize 'bad ones' and 

scours the neighborhoods for cancerous cells. Such self-inspection has its bad 

consequences in inflammation and resulting pain. If environmental insults enhance 

growth signals, an immune system will work overtime and it can become ruthless. 

The over-involved immune cells eat, maim, kill, and torture their good neighbors 

in the search for the few malcreants. We know these congregate cellular responses 

as autoimmune diseases: Wear-and-tear of coronary artery disease.3 The dubious 

joys of arthritis, diabetes4, lupus, and worse. Autoimmune diseases such as 

diabetes and arthritis affect many millions of people.  
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It goes almost without saying that the more sublethal body damage one exposes 

oneself to, the more cell divisions and repair there must be for biological 

maintenance. That, in turn, is accompanied by more cell damage and deaths, 

because some of those new creations will fail.  

 

We can add "x" amount of poison to rat food and watch a rat keel over, but add 

sublethal levels and results can vary widely depending on the species, its 

environment and other exposures, and most certainly on the length of the study.  

 

With time, statistics, and the advent of cell and molecular biology, these questions 

have become easier to answer. We are now in the strange position of knowing 

exactly how sublethal poisons affect cell behavior and communication, but still 

cannot pinpoint how these effects translate into a long-term impact on a human 

being, a multicellular organism where not all life stages are created equal. Fetuses 

are a lot more vulnerable than middle-aged men, and older people are resistant in 

some ways and vulnerable in others.  

 

We are one century behind on the chronic health impact of the 80 000 or so 

synthetic chemical compounds in industry and society that we know little or 

nothing about (see Web info-sources). We have Materials Hazard Sheets for many 

chemicals, but even the best documents are terse and outdated at their accounts of 

chronic impacts to human health. Some of the most commonly used chemicals like 

formaldehyde, used as a preservative, do have entries on cancer and other long-

term disease states. But then, formaldehyde was not exactly invented yesterday — 

it was identified and made in 1868,5 yet only definitively proven to be a carcinogen 

a decade or so ago! Wikipedia has an informative article on formaldehyde -- 



 

Susanne	  D.	  Dyby	  

7 

formaldehyde is found in automobile exhaust, tobacco smoke, forest fires, and 

numerous human products, even Asian food.  

 

Furthermore, unhealthy and toxic compounds are ceaselessly altered by organisms, 

from bacteria up the food chain to us. We alter them inside our bodies as well. 

Unexpected signals interfere with careful body balance, just like uninvited guests 

do to an already busy household engaged in its own plans before they arrived. 

Worse of all, organisms in all ranks of life seem to have a knack for creating even 

more potent compounds from what was already harmful enough. For example, 

injecting any bovine growth hormone into cows, recombinant or otherwise, will 

increase the levels of insulin growth factor I (IGF I) in milk6, a double-edged 

sword for the body for its promotional effect on cell division and accelerated 

aging. Growth Hormone and IGF-I can protect against infectious disease, shorten 

lifespan, promote cancer, 'calm down' acute inflammatory responses, yet maintain 

the chronic inflammatory states that exist in autoimmune diseases. It is more than a 

double-edged sword to add even ‘safe’ unknowns to the food supply, much less 

hormones with their potent multi-faceted impacts. It is a multi-faceted ever 

shimmering tangent into the future, destination unknown.  

 

Hormone-mimics or endocrine disruptors are particularly pernicious sneaky 

poisons. Endocrine disruption more than just affect young children and 

reproductive fitness, whether it is biphenyl A, phthalates, dioxin, or insecticides. 

Apart from potential developmental disasters in the young (or miscarriages), 

endocrine disruptors affect the immune system, metabolism, cancer risk, and life 

span. Moreover, a huge medical problem burgeons, in all senses, with obesity in 

people and pets. Baillie-Hamilton (2002) hypothesized that lack of exercise and 
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too much eating was only a partial reason for the global obesity epidemic, because 

chemical toxins and endocrine disruptors had a great deal to do with the way that 

our bodies react to food — and in other species, too. This proposal has since been 

verified by many scientific studies. On top of this disturbing fact, early exposure to 

endocrine disruptors within the womb, or as a newborn, carry long-term impact on 

bodyweight: "Xenobiotic and dietary compounds with hormone-like activity can 

disrupt endocrine signaling pathways that play important roles during perinatal 

differentiation and result in alterations that are not apparent until later in life." 

(Newbold et al, 2007). 7  

 

Hormones are powerful, complicated communicators. Hormones serve to balance 

and readjust our bodies on a daily basis. Hormones affect the immune system and 

vice versa. For a biochemical excursion into the intimate and intricate connections 

between the body's endocrine/hormonal and immune systems, especially its 

inflammatory reactions, see the superb review on "Protein hormones and 

Immunity" written by Kelley et al. (2007) and referenced in the endnotes.  

 

The trouble with hormones and their mimics as toxins is their potency. Hormone-

like substances communicate with cells at remarkably low concentrations. Tiny 

amounts of insect growth regulators, a common pesticide, affect insect eggs so that 

the embryos within do not hatch. Those embryonic defects are caused by miscues 

in cell communication highways that we humans happen to share with insects and 

a lot of the multicellular world, from worms to elephants. This major intersection is 

called FOXO, a center knot for cell decisions about aging, cell death, or division.8  
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Cells respond to delicate suggestions so much more readily than blunt instruments. 

In the latter case, the cells die and do not create long-term mischief. Well, it 

depends on the food one must eat: owls should refrain from eating poisoned rats. 

Certainly, deadly toxins abound and give swift retribution, often in the wrong 

places. 

 

Herbicides and pesticides straddle the fence between deadliness and insidiousness. 

Some pesticides are incredibly toxic — after all, they came out of the nerve gases 

of World War I — and some fall into the category of endocrine disruptors or may 

affect calcium balance in animals (DDT and bird eggs). Minute amounts of 

pesticides should be famous for having estrogenic properties. A twisted call of 

pesticides to men: the potential to sing falsetto, grow breasts, and stop making 

sperm. The most commonly used herbicide, glyphosate, may mimic retinoic acid.9 

Retinoic acid is a very potent restructuring signal in development, able to help 

regenerate limbs and able to create weird things in the wrong places in fetuses — 

and able to augment cancer risk in mature organisms, depending on concentration 

and delivery and chronic versus acute time factors.  

 

What is probably worse is the recent revelation that chickens in industrial farms 

were/are fed arsenic in sufficient amounts to change their skin coloration. The 

Center for Biological Diversity announced recently (2013) that it was an 

environmental victory that suppliers had to reduce the amount of arsenic in chicken 

feed by 97% (that leaves 3%). (Why add arsenic? because the chickens gain weight 

and weight means money). Arsenic affects every single organ system and is an 

endocrine disruptor,10 causing an increase in retinoic acid signaling. Retinoic acid 

is what one calls a potent teratogen. Given that the population of United States 
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seems to be consuming chicken at almost every meal, this means that the entire 

country, short of vegetarians, receive doses of arsenic. A vast experiment in 

neurological disturbances is in progress. 

 

With an increased interest in nuclear power and frequent use of air travel, there is 

exposure to ionizing radiation. Minute, yet constant exposure to radiation 

undermines the very stuff of life and heredity, its damaging effects showing 

generations from now. Not one day may be shaved off our lives, but nine 

generations from now, our descendents will see the mutant recessives that hid in 

our genomes.  

 

The rich are just as exposed to sneaky poisons as the poor. In today's world, one 

might argue that an equalizer of the poor and the rich has finally been found, but 

the poor still face potent deadly toxins more often than the rest of us. To top it off, 

we still have war, infectious diseases, famine, and enslavement, so one cannot say 

that one set of ills have been substituted for the other. We tend to forget that 

pollution was serious in towns and villages in Antiquity and in Medieval times, so 

that historical records of chronic diseases dating, say, 800-900 years ago, do not 

give us examples of healthy lives. What 'saved' us from cancer, strokes and arterial 

sclerosis then, was child mortality, dangers in childbirth, infectious diseases, and 

accidents with poor medical care. 

 

We demand that our cells should survive a marathon of encounters with sublethal 

poisons that are everywhere. Resilience and maintenance may keep the cells in the 

marathon, but odds and 'low toxicity' poisons stack up. Each successful rebound 

and repair craves energy and carries its own risk. Like gamblers at a casino, cells 
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can and will lose control, at some point. A cell, whether ours or another species', 

has its limited set of choices. For differentiated cells, we can sub-divide cells into: 

healthy maintenance with normal repair, senescent, and cancerous. For our sakes, 

we do better to act prudently, now that it is known that multicellular creatures, 

from slime molds to human beings, use universal biochemical pathways that are 

run by the same genetic programs. We are therefore sensitive to the same toxins — 

with variations for each species and for each individual on earth.  

 

On a planetary scale, we see decay and extinctions within the oceans, in the 

diminished forests, in industrial wastelands, the agro-industrial diseases, and 

pollution within the cities. This litany is not new. We need to tilt our world-wide 

efforts in the direction of healthy cellular maintenance. We have the requisite and 

exquisite knowledge to do this, for the entire world, at that. I doubt that we have a 

grip on the quantity of poisons that we surround ourselves with globally. Outright 

bans need to be set up for the most egregious substances (radioactive materials 

except for medical use, some agro-chemicals, endocrine disruptors, mercury).  

 

We need to put a world limit on the total amount of toxins, in categories such as 

agro-chemical, heavy metals, oil-and-plastics, and military uses. The alternative is 

to create a robotics human, partially mechanized and able to survive in a non-

natural world. There are researchers working on that eventuality.  

 

Once life became multicellular, another evolutionary invention took place. We 

carry stem cells within us that have specialized in remaining unspecialized — 

undifferentiated within each organ system — that is their specialization, until they 

are needed. A rather nifty trick in a mature multicellular organism that we have 
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such cell populations available for renewal. Reproduction is a special subset within 

this category. Multicellular creatures such as sponges, coral reefs, and bristle cone 

pines can live for thousands of years because they grow so very slowly, yet 

continuously. They reconstruct themselves with newborn cells and tissue while 

doing so. Many organisms such as reptiles and fish can regenerate many parts of 

their bodies, and as it turns out, we can, too, to a point.  

 

If the world is toxic, the constant regeneration will meet the need for constant 

repairs forced by the surroundings. A standstill, an unnecessary one. We have, 

after all, managed to land people on the moon and sequenced the human genome.  

Can we create a healthy earth with nature as our terrestrial body? 
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Summary: Life on earth is made of cells. Cells have three main choices: divide, 
differentiate, or die. 'Sneaky' or sub-lethal poisons do not kill outright, but tend 
to liberate controls placed on cells' ability to divide, whereby some cells 
become immortal. In multicellular organisms, such immortal cells must be 
recognized and destroyed by the immune system; an unfortunate choice 
between inflammation or cancer. Our bodies must perform billions of fault-free 
cell divisions each day and sneaky poisons interfere with this process at all 
levels, causing damage. Such poisons force more repairs or deaths upon cells, 
accelerating turn-over within tissues and lead to tissue senescence and death. 
Moreover, some sneaky poisons are endocrine disruptors that affect major 
univeral communication pathways, shared by organisms from yeasts to humans. 
In humans, mis-cues via communication highways will lead to ageing badly, 
because cells necessarily respond to endocrine disruptors by mismanaging their 
developmental choices. Sneaky poisons drive our bodies away from balanced 
health and toward toward autoimmune diseases, obesity, neurological 
disorders, and cancer. Like the ban on DDT, bans ought to be placed on the 
most widespread endocrine disruptors and other poisons that damage health 
rather than kill outright. Let us continue efforts to limit the total amount of 
toxins on earth, in order to improve everyone's health and productivity, rich 
and poor alike. 
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