
 
 

Environmental Influence on Study Results 

Helen Kelly 

“It is increasingly evident that environmental factors are a veritable Pandora’s 
Box from which new concerns and complications continue to emerge”. 
—Patricia Hunt 

 
Confirmation that nurture and nature shape behaviour has sparked a wave of 
debate among biomedical scientists about what constitutes environment; and 
furthermore, how to assess environmental impact on study results—particularly 
where experimental variables include an animal’s present and past. There is a 
kind of global brainstorm, an opening out of possibilities that has triggered 
complex questions in husbandry and housing, developmental psychobiology, 
endocrinology and toxicology which may take decades to address. 

Much of the debate centres on endocrine disruptors, reproduction, and what 
some say is avoidable disease. 

Endocrine disruptors are chemicals—largely man-made though possibly 
including plant oestrogens—that mimic hormones and/or interfere with the 
actions of a body’s own naturally occurring hormones. Antiandrogens, thyroid 
blocking and oestrogen mimics are some among many already identified. “At 
high levels, such chemicals may affect an individual’s health”, Patricia Hunt, 
Professor of Genetics at Washington State University in the United States 
reports. “However”, Dr Hunt continues, “even at very low levels these chemicals 
can induce developmental abnormalities. They can cross the placental barrier, 
enter fetal blood, change the cell divisions that result in eggs and sperm 
(meiosis), and disrupt other aspects of the developing fetus such that cognitive, 
physiological and biochemical abnormalities may appear in the adult”. 

Dr Hunt explains how this works. “An organ that requires 
hormones to turn on function has hormone receptor sites on 
some cells. Some endocrine disruptors are environmental 
oestrogens that mimic naturally-occurring oestrogen and 
bind to oestrogen receptors sites. However, though the 
action may be similar, the effect isn’t, and when present in 
certain amounts at sensitive periods, they cause havoc at 
the cellular level”. Specifically, endocrine disruptors such as 
PCBs (industrial compounds rife in the environment that 
accumulate in animal tissue)—along with lead, 
methylmercury, certain pesticides, automotive exhaust and 
polycyclic hydrocarbons—produce, for example, physical 
defects, cognitive dysfunction, reproductive failures, and 
disease such as obesity and diabetes. 
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A ubiquitous endocrine mimic is Bisphenol A (BPA), an organic compound used 
to make polycarbonate polymers and epoxy resins along with other materials 
used in the manufacture of plastics. It is used routinely across the spectrum of 
everyday consumer products from dental amalgam to can liners, plastic food 
storage containers, compact discs and DVDs, mobile phones, computers, baby 
bottles and water bottles, and virtually universally to coat cash register receipts. 
BPA leaches in the course of normal use, in the presence of heat (including heat 
during warehouse storage) and in response to some cleaning agents. 

 
 
“It is important to note”, says Professor Frederick 
vom Saal, Curator’s Professor in the Division of 
Biological Sciences, University of Missouri-
Columbia located in the US “that endocrine 
disruptor effects occur at doses lower than those 
used by industry in research conducted for 
regulatory agencies to assess harm. The regulatory 
agencies base their assessment of risk posed by 
BPA and other chemicals on what endocrinologists 
deem to be a false assumption: that effects at very 
high doses predict results at doses millions of times 
lower.  

If it were true that only high doses of endocrine disruptors impact adults, then 
there would be no epidemiological studies finding relationships between chronic 
low dose exposure and, for example, obesity, diabetes, heart disease and 
reproductive abnormalities. In fact, typically the effects in adults occur at higher 
doses than the extremely low doses that cause effects in foetuses. BPA causes 
abnormal insulin/abnormal glucose in mice, but foetuses are about ten-fold more 
sensitive than adults (Figure 1).” 

 

A) Chromosomes (red) 
normally line up neatly on 
the spindle (green).  

B) BPA wreaks havoc in 
mouse eggs. Copyright 
2003 Cell Press All rights 
reserved. 

“Lower doses of BPA than those already deemed safe change the development 
of mammary glands, induce pre-cancerous and cancerous lesions, and increase 
susceptibility to carcinogens”, Tufts University’s Laura Vandenberg, lead author 
of a major review1 on BPA exposure told me. 

 



Animal Impact 
 
You will imagine that among biomedical scientists, debate rages when it comes 
to environmental impact and research questions. Some want to study how much 
of which endocrine disruptor is safe. Others have a different view. Is any 
ingestion—whether through the skin handling cash register receipts, breathing 
molecules releases by heat or certain detergents, or ingested orally via the 
contents of containers made with BPA—safe for the animals and research 
results? 

What’s set off the latest debate is evidence that some endocrine disruptors found 
liberally and to high levels of detrimental effect in the human environment were 
also found in some animal lab environments including some polycarbonate and 
polysulfone cages, lab animal water delivery systems and feed packaging—as 
well as in some food and water itself. 

Recently Professor vom Saal and others wrote: “Mammalian embryonic 
development is epigenetic, in that hormonal signals not only control the timing of 
gene expression but also set the activity of genes and thus the functioning of 
organs and homeostatic systems for the remainder of life. Variation in 
endogenous hormones (e.g. estradiol and testosterone), which regulate the 
development of organs—or disruption of the activity of these hormones during 
development by chemicals—can lead to permanent changes in organ structure 
and function2. Since polycarbonate and polysulfone cages are made with 
Bisphenol A and leach, we use polypropylene cages and glass water bottles, 
which aren’t made with Bisphenol A and don’t leach endocrine disruptors”. 

The impetus to review cage materials was Dr Hunt’s unexpected observation of 
abnormality among 40% of normal control female mouse eggs in a single study 
group. BPA leaching from caging material was found to be the culprit. “Thoren 
was instrumental in helping us figure out that BPA caused the sudden change”, 
Dr Hunt says. “And in general the cage manufacturers have been fabulous, 
proactively taking action to protect the animals by developing cages that release 
no endocrine disruptors”. Research by Dr Vandenberg, along with colleagues 
Professor vom Saal and others, demonstrated that during cage wash with some 
detergent agents, Bisphenol A leached and subsequently entered the air, feed, 
and the animal’s body. Professor vom Saal and others have studied closely the 
leaching of BPA and other endocrine disruptors from cage water bottles and 
uncontrolled variability in animal feed. 

So the questions are momentous. 

 How much endocrine disruptor gets into the animal from the animal’s, and the 
larger, environment? 
 

 What effects persist, influencing genotype and phenotype among offspring? 
 How much of which endocrine disrupting chemicals render studies unsound, 

irrespective of enriched housing and gentle handlers? 
 

 Should scientists isolate and test each chemical, or test them in concert, as 
they occur in human experience? 
 



 At what levels, at what points in development and among which animals—
genotype and strain—do endocrine disruptors upset development, hormone 
balance and reproductive function? The list of questions is growing 
exponentially. 

Environmental Impact 
 
The interdisciplinary approach to environmental impact on study findings, 
especially of chemicals, has influenced medical research in many fields. At the 
2009 Guiyang, China Conference Mercury as a Global Pollutant, Captain Edward 
H. Rau, Environmental Health Officer, Office of Research Facilities at the 
National Institutes of Health, reported on the mechanisms of action and potential 
relationships of environmental mercury contamination to infectious diseases. In 
his presentation, he explained that mercury—a neurotoxic, immunotoxic 
contaminant often present in sediment, wastewater, cleaning products such as 
beach manufactured from chlor alkali process that uses mercury electrodes, 
amalgam from dental clinics, health care environments, and spills from broken 
thermometers—attacks bacteria that are not resistant to mercury’s toxic effects. 

One result? Bacteria that are not resistant to mercury die off or are unable to 
grow; resistant bacteria survive and become dominant. Furthermore, genes for 
mercury resistance and antibiotic resistance are in close proximity on 
chromosomes and can transfer together via plasmids to non-resistant bacteria 
that can and often do cause disease in humans and animals. And, very 
importantly, at very low levels of exposure mercury can impair an experimental 
animal’s response to infectious agents such as parasites (Figure 2). 

Mercury contamination in research 
facilities can also have impacts on 
the external environment. For 
example, mercury can be 
concentrated in biofilms and 
sediments in plumbing systems 
where it can reside for many years. 
There, under anaerobic conditions 
bacteria can transform inorganic 
forms of the metal into more toxic, 
highly persistent and 
bioaccumulative organic 
compounds such as 
methylmercury. Thus, plumbing 
systems can become a potential 
chronic emission source of both 
antibiotic-resistant bacteria and 
methylmercury. 

© Edward H. Rau, NIH, Bethesda, 
MD reprinted with permission 

 

 



 

Nanotechnology, which heralds such promise in cancer treatment, is also 
emerging in a broad spectrum of consumer products, medicines and consumer 
products— sometime, it seems, to toxic effect. The beauty and the downside of 
nanoparticles is that they can cross the blood/brain barrier—and also mouse and 
rat blood-testes barrier—where cells welcome these foreign guests unreservedly. 
It has been reported that with silver nanoparticles present, cells stopped growing 
and stopped multiplying, and in some circumstances the cells died.  

The effect was weaker for titanium dioxide nanoparticles, although both types did 
cause cell type-specific DNA damage. Recent studies at the Norwegian Institute 
of Public Health suggest that the effect of both the size and type of nanoparticles 
need to be understood, and that there is evidence for further research into the 
effect of nanoparticles on reproductive health. 

The Future 
 
Given the impact of endocrine disruptors on the health of individuals and their 
unborn progeny, Nicolas Olea and Marieta Fernandez, Hospital Clinico, 
University of Granada in Spain suggest that research on the timing, frequency 
and duration of exposure to endocrine disruptors would be warranted given the 
dynamic nature of the endocrine system.  

These authors suggest that comparison of study 
findings would be possible if researchers were to 
use consistent methods and measures, although 
research by John Crabbe, Professor of Behavioral 
Neuroscience at the Oregon Health & Science 
University and Veterans Affairs Medical Center, 
and Director of the Portland Alcohol Research 
Center located in the state of Oregon in the 
United States, raises some reason to be only very 
cautiously optimistic. 

Along with colleagues Douglas Wahlsten, then at 
the University of Edmonton and Bruce Dudek at State University of New York, 
Albany, Professor Crabbe replicated experiments in their different labs and 
monitored every environmental element they could manage. Each experimental 
population was several inbred strains—individuals within each strain carry a 
common genome—and one null mutant. They sourced the animals uniformly and 
obtained the animals simultaneously. The mice were fed, watched, watered and 
handled on precisely the same schedule and tested on a battery of six 
behaviours: locomotor activity in an open field; an anxiety test, exploration of two 
enclosed and two open arms of an elevated plus maze; walking and balancing on 
a rotating rod; learning to swim to a visible platform; locomotor activation after 
cocaine injection; and preference for drinking ethanol versus tap water. 

Apparatus and test protocols were, the study reports, rigorously equated. Strains 
differed in all behaviours, and there were systematic behavioural strain 
differences across labs, many of which were very similar. However, Dr Crabbe 
reports significant and in some cases large effects of site for nearly all variables. 
For some behaviours, the pattern of strain differences was rather different in 



different laboratories. There were no apparent effects of shipping the animals, he 
reports; he concludes the laboratory-specific effects might have been the 
handlers, and I suggested it might be the cultures that differ in the different cities. 
His research in this field continues. 

Conclusion 
 
For some, the interdisciplinary questions are exciting. They represent the 
essence of reductionist thinking and demand a move to the next level of 
complexity and specificity. Such questions improve possibilities for controlling 
variables, achieving optimally reliable results and ultimately reducing the number 
of animals required for experiments. 

The holistic approach, they say, has already helped animal welfare and scientific 
interests find greater common ground. Scientists have demonstrated that 
physical contact by kind-hearted handlers strengthens the immune system and 
reduces some of stress’s harmful effects. The taboo on talking about happy 
animals is gone, replaced by observation scales that help investigators measure 
an animal’s contentment and well-being—which are clues to the level of stress, 
among other things. There is a global effort to reduce pain and suffering and 
there is a move to provide captive animals the chance to live out their allocated 
lifetime in a somewhat natural way. Hiding, climbing, nesting and socialising, all 
in larger and sometimes more complex cages, free the animal to express its 
natural self, which reduces stress and thus allows the investigator to more 
confidently draw defensible assumptions from results. 

For others, however, the new questions represent a tempest in a teapot. It seems 
we’ve only put a toe in the water, they say; all the work to date on enriched 
environments has only cleared the ground for plumbing the depths, which in turn 
suggests major changes to experimental conditions that could be more costly by 
orders of magnitude than using larger cages and equipping them to facilitate an 
animal’s natural habitat activities. 

This month in Madrid, there is a world congress on Risks for Public Health and 
the Environment (www.health-defense.org). The context is reported as inability of 
those setting science agendas, funding research, directing innovations and 
assessing risks to cope with the complexities, uncertainties and ignorance about 
the systems that characterise our current environment. Understanding and 
managing our inter-linked technological, biological, ecological and socio-political 
systems, organisers say, requires new approaches and paradigms. It would 
seem that they are right. 

Helen Kelly is an ALN World Contributing Editor. She writes about science and 
business internationally. HelenKellyLtd@aol.com 
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