PHOTO: TATIANA BULYONKOVA

WHEN THE
CONTROL
BECOMES THE
EXPERIMENT

LABORATORY CREATURES AS ACCIDENTAL SENTINELS

s there such thing as an accidental

sentinel, warning of lurking insen-

sible dangers that no one set out to

detect? The experimental rodent of
twentieth century life science, developed
to display nothing but the workings of
its inner biology, but becoming instead
an accidental indicator of environmental
change, might be an instructive example.
It was just such a rodent that helped raise
the alarm over BPA, now an acronym that
floats through the consciousness of the
Western consumer today. The story of
how BPa or bisphenol-A, an organic com-
pound used to make certain plastics that
is also an endocrine disruptor that mimics
the action of estrogen in the body, came
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to the attention of the plastic-bottle-sip-
ping public has been detailed in a number
of places. In most accounts, the chemical
compounds or the scientist-investigators
who study its health effects are the main
characters (Vogel 2012). Here the story is
retold with a focus on the control animal
- in this case a laboratory mouse.

The story goes as follows: In 1998, bi-
ologist Patricia Hunt was studying the
biology of infertility by using mouse
strains that have unusually high numbers
of chromosomal abnormalities resulting
from aberrant meiosis. Meiosis is the kind
of cell division that leads to germ cells -
to sperm cells in male organisms and egg
cells in females. Hunt’s research was mo-

tivated by problems of human reproduc-
tion; the wrong number of chromosomes
in eggs - aneuploidy—is a leading cause
of miscarriage, congenital birth defects
and mental retardation in humans. As is
standard in experiments, Hunt also used
“control” animals, supposedly normal
mice, as a comparison - such animals are
often referred to as “wild-type” if they
do not carry the mutant genotype be-
ing tested although there is nothing wild
about them. Hunt’s control animals went
through all the same interventions and
experiences as the mutants used to study
the chromosomal abnormalities.

The main function of the control ani-
mal is to pick up biological outcomes that
might result from extraneous elements of
the experimental protocol, rather than
arising from the experimental interven-
tion being tested or the mutation under
study in the experimental animal. One
week, out of the blue, Hunt found, “the
control numbers were just completely
bonkers” in more than one of her experi-
ments; about 40% of the normal female
mice suddenly began to suffer from fail-
ures of chromosomal alignment during
meiosis (quoted in Gross 2007; see also
Hunt et al. 2003). Upon a systematic re-
view of the handling of the mice over the
previous weeks, Hunt and her cowork-
ers determined that the plastic cages in
which the animals lived, and their water
bottles, had been washed using a high pH
detergent and sterilized at high heat. This
caused the polycarbonate plastic to leach
small amounts of chemicals, including
bisphenol-A, which the animals ingest-



ed in their drinking water and absorbed
through their skin.

Testing BPA by itself, Hunt then deter-
mined that the substance could be used to
intentionally induce higher rates of these
chromosomal abnormalities in the eggs
of normal mice—compared of course to
non-BpPA-exposed controls (Hunt et al.
2003, 2009). In this way, the control sub-
ject of one experiment became the test
animal in the next. Further research has
raised the question of whether there is
any such a thing as a non-Bpa-exposed
organism today: A recent review of the
literature on BPA’s potential role in obe-
sity concludes that, “all human fetuses
that have been examined have measurable
blood levels of BpA, and mean or median
levels found in humans are higher than
levels found in fetal and neonatal mice in
response to maternal doses that increase
postnatal growth” (vom Saal et al. 2012).

Laboratory organisms began living
in plastic instead of glass or metal enclo-
sures about the same time Western con-
sumer society was also making the switch
in the middle of the twentieth century.
However, awareness that something in
the plastic could have negative effects on
reproduction and health emerged much
later, and was made possible in part by
laboratory accidents such as Hunt’s start-
ing in the 1990s. In another lab, estrogen-
sensitive cancer cells cultured in plastic
dishes suddenly began to act as though
they were being dosed with estrogen after
a biological supply company changed the
plastic composition of the bottles stor-
ing the nutrient medium used to culture
the cells. Biologist Ana Soto and her col-
laborators determined that the substance
feeding the cells’ estrogen-mediated re-
sponse was nonylphenol, another endo-
crine-disrupting estrogen mimic used in
making polymers and detergents (Van-
denberg et al. 2010).

The general category of “endocrine-
disruptor” emerged as an issue of concern
and debate during the 1990s. The book
Our Stolen Future called attention to the
effects of hormone mimics in industrial
and waste effluent on wildlife, showing
how the resulting abnormalities of sex
development and reproductive damage
were threatening exposed fish, amphib-
ian and bird populations (Colborn et al.
1996). This context made it more likely
that experimenters such as Hunt and Soto
would be attuned to vacillations of the
control numbers caused by industrially-
derived substances. In addition, the larger

research interest in endocrine disruptors
gave them a body of science to contribute
to when the control animal exited the pe-
riphery of the experiment and became the
finding.

The story that has unfolded from here
is one in which the effects of endocrine
disruptors such as Bpa are tested direct-
ly, at “environmentally-relevant” levels
- that is, the kind of exposures humans
living with plastics in contemporary in-
dustrialized societies might experience—
on animals, particularly as they develop
in utero. The findings have been racking
up: Female mice and rats exposed to low
doses prenatally grow into adults that
suffer breast cancers and reproductive
abnormalities at higher rates than unex-
posed animals; BPA easily crosses the pla-
centa in humans and other animals, and
affects placental cells themselves in terms
of gene expression; BPA causes epigenetic
changes in developing tissues that in turn
shift patterns of gene expression poten-
tial in the adult animals, causing changes
such as increased adiposity (Vandenberg
et al. 2009; vom Saal et al. 2012).

These findings remain contested in
terms of their translation into regulatory
action, in part because chemical toxic-
ity testing traditionally has not looked
at low dose effects in developing organ-
isms, but at high dose toxicity in adults.
In other words, looking for long-term
disturbances to reproductive biology due
to low exposures during development is
a very different test than looking for can-
cers, poisoning, or heart attacks in adult
animals exposed to high amounts of a
substance. However, the rapidly expand-
ing field of environmental epigenetics
has underscored the legitimacy of such
a lifespan perspective. It provides both a
logic and a technical means for measuring
environmental harm that lodges in the
body—not as a lesion, mutation in DNA,
or a toxic effect immediately visible as a
birth defect or a poisoning—but rather as
ashift in gene regulation and gene expres-
sion with important long-term, rather
than short-term, health effects. Environ-
mental epigenetics, with its focus on the
setting or re-setting of the molecules con-
trolling gene expression in cells, provides
a powerful framework for transforming
environmental harm into epigenetic harm
(Landecker 2011).

What is the role of the experimental
animal, and in particular the control ex-
perimental animal as an accidental sen-
tinel, in physically registering the envi-

ronmentally-relevant dose and making
visible epigenetic harm? The control ani-
mal is a check or comparison, and appears
in experimentation because “a discover-
able fact is a difference or a relation, and
a discovered datum has significance only
as it is related to a frame of reference, to a
relatum” (Boring 1954). The relatum—the
control—is injected with saline solution
where the test animal gets the real deal;
the control animal is cut open even if no
surgical change is then effected, while
the test animal has something ablated or
manipulated. It is fed the same things,
handled the same way, and housed in the
same conditions as the test animal. It ex-
periences the experiment, but is supposed
to weather it all and remain that against
which the experimental intervention
may be measured. It is the ground against
which difference may be achieved; it is
supposed to keep the experiment honest.
In the attention to control numbers
that “go bonkers,” the frame of refer-
ence comes to the fore, instead of reced-
ing into the background of necessary but
banal experimental procedure. The con-
trol reveals “environment” where there
is presumed to be none of consequence.
The experimental rodent in a polycarbon-
ate cage eating chow pellets accidentally
revealed material harm in the environ-
ment in the very place the “environment”
is most suppressed. The environment of
environmentalism - rivers and lakes, air
and earth and trees - could not be further
from these experimental spaces built on
the premise of control. No one set out to
look for these warning signs of impend-
ing environmental danger, in fact, no one
thought to look for these particular en-
vironmental harms, in part because the
cage, the water bottle, the culture medi-
um, the food, were the background to the
organismal biology in the foreground and
had no presence as “the environment” —
until these abnormalities were evident.
This story may look like one of contin-
gency, out of which many scientific dis-
coveries have arisen. Just think penicillin,
and Pasteur’s declaration that “chance
favors the prepared mind.” But look one
level deeper: The rodent in the polycar-
bonate cage shows the contingency in
this story to be fundamentally structured
by human industrial activity. The “acci-
dent” of the accidental sentinel is not that
of fate or chance, but one of attention.
Thanks both to the widespread use of the
model organism in biological science in
the twentieth century and the ensuing in-
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terest of historians of science in the role of
model organisms in generating twentieth
century life science, we know a great deal
about the production of experimental ro-
dents in terms of their selection, genetic
manipulation, and breeding (Rader 2004).
We know next-to-nothing - because we
have thought next-to-nothing - about
how they have been fed and housed.

The production of mice with certain
gene knockouts or transgenic additions
was and still is central to many areas of
genetic research. The intense refinement
of experimental rodents as an instru-
ment of genetics - an attempt to purify
them by holding everything still while
just changing one component of the ani-
mals’ genome - has paradoxically brought
the background of such experiments into
view. And what we see there is this: While
these animals might have been bred to
be model organisms of particular human
diseases or ailments - such as infertility
- they or their “wild-type” counterparts
raised under identical conditions have be-
come unintentional models of the seden-
tary “ad libitum,” plastic-infused, nutri-
tionally synthetic lives of contemporary
North American human animals.

Experimental animals share, to a
greater extent than is normally recog-
nized, the habitat of their keepers - and
this goes for much more than the plastic
water bottles. Consider the finding that
the control rodents kept under standard
laboratory protocol used in biomedical
research and preclinical drug testing in
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