TOXINS:
NEw, OLD,
AND EVERYWHERE

at,” says Don Birnham (Ray Milland) to his bartender in

The Lost Weekend, “You don’t approve of drinking.

Shrinks my liver, doesn’t it? It pickles my kidneys. Yes,

but what does it do to my mind?” We will consider the
effects on his mind in later chapters. Here we will merely mention
some effects prior to those on his liver and kidneys.

Don’s rye whisky rewards him with a gentle burning sensation as
it passes through his esophagus and on to his stomach. His nerves are
signaling the deaths of millions of cells as alcohol] diffuses rapidly
through the usually protective barrier of mucus and enters those
cells. If a cell gets more than a critical concentration of alcohol, it
dies. Dead cells, or even those with damaged membranes, release
wound hofmor}e_s_ and growth factors, which diffuse to other cells held in
reserﬁé“fjafjust such an emergency. These reserve cells, deep in the
pfotected crypts of the stomach lining, react to the chemical messages
by migrating to the site of injury and dividing to produce new cells of
the kind needed there. The most exposed layer of stomach cells can
be replaced in mere minutes—burt does Don allow them enough time
before quaffing again?
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WHY WE GET SICK

- NATURAL AND UNNATURAL TOXINS

igh-proof alcohol is only one of the many novel hazards

to which we are exposed. Agricultural pests are con-

trolled mainly by insecticides that did not exist before

1940. Silos are perfused with poisonous vapors to pro-
tect grain from insects and rodents. Demonstrably toxic chemicals
such as nitrates are used to extend the shelf life of our foods. Many
workers inhale toxic dust or fumes, and suburbanites spray insecti-
cides such as lindane into their trees, often with little regard to the pos-
sible effects on themselves or their neighbors. There are heavy metals
in our water, pollutants in our air, and radon gas rising from our base-
ments. Obviously our modern age is especially hazardous, with respect
to poisons in the food we eat and the air we breathe. Right?

Wrong. While we are now exposed to many toxins that did not
exist in even the recent past, our exposure to many natural toxins has
greatly decreased since the Stone Age and early agricultural times.
Recall from the chapters on infectious disease that the contest between
consumer and consumed can generate an evolutionary arms race.
Plants can’t protect themselves by running away, so they use chemical
warfare instead. People have always known that some plants are toxic.
Gardening books routinely list plants known to have caused illness or
death from being eaten. These lists merely deal with the worst offend-
ers. Most plants contain toxins that would be harmful if eaten in more
than a minimal amount. Scientists have only recently realized that the
toxic substances are not by-products that just happen to be toxic to
certain potential consumers; they are the plants’ essential defenses

araen sz s,

against animals that want to eat them (herbivores), and they play a key

rol€inrtheecology of natural communities. People who live in the east-

ern United States needn’t look far for an example. Most lawns there
are of t?ﬂ__fCSCUE, a grass species popular because it grows fast and
resists pests. The fantasy of getting rid of our lawn mowers and letting
hétses graze our lawns once a week is appealing, but the horses would

soon get sick. Most tall fescue is infected at its base with a fungus that

/'_._"‘h—, b s
makes Wﬁ grass protects itself by transporting these

2 B T s -
toxins to the tips of the blades of grass the perfect Toeation for dis-

=oarna

——

couraging herbivores. Tall fescue andits fungus help each other

Only very recently have a few pioneers, such as 'ﬁmothy Johns
and Bruce Ames and his collaborators, made us aware of t

he enor-
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TOXINS: NEW, OLD, AND EVERYWHERE

mous medical importance of the plant-herbivore arms race. We can
heartily recommend Johns’s book With Bitter Herbs Thou Shaly Eat It
for an introduction to the role of plant toxins in human history.
Here we are again dealing with an arms race, this time between apj.
mals such as ourselves, who eat plants, and the plants, which need to
protect themselves from being eaten. When Stone Age inhabitants of
central Europe died of starvation late one winter instead of happily
filling up on oak buds and acorns, they were losers in the contest with
oak trees. Oak buds and acorns are loaded with nutrients, but, unfor-
tunately for potential consumers, they are also loaded with tannins,
alkaloids, and other defensive toxins.\Early Europeans who filled up
on unprocessed oak tissues died even sooner than their starving com-
panioh's' d1d
"Animals that eat other animals may have to deal with venoms or
other harmful materials manufactured by their prey, and they will
certainly have to deal with at least traces of the plant toxins eaten by
the prey. @i monarch butterfly caterpillar, mentioned earlier, feeds
on milkweed not only because it has machinery that makes it invul-
nerable-te-the milkweed’s deadly cardiac glycosides but also because
it becomes-poisonous _i'_ts'el_f by consuming the plant and is therefore
avoided by potential predatbrs.}Many insects and arthropods protect
themselves with venoms and poisons. Many amphibians are poison-
ous, especially the bright-colored frogs that Amazonian peoples use
to poison their arrowheads. The vivid colors and patterns of such
poisonous animals protect them from predators, who have learned
from bitter experience that such prey are not pleasant food items. If
you are starving in a rain forest, eat the camouflaged frog that is hid-
ing in the vegetation, not the bright one sitting resplendent on a
nearby branch.
How do plant toxins work? They do whatever wil] keep herbi-
vores from eating the plants. Why are there so many different toxins?
@rbivore{s }yoﬂiﬂquickly find & way around any one defense, so the
arms race creates many differeyzaﬁéé:}[rhe list of different toxins and
their diverse actions is impressive. Some plants make precursors of
cyanide, which is released either by enzymes in the plant or by the
intestinal bacteria of the consumer. The bjtter almond is noteworthy
in this regard, but apple and apricot seeds use the same strategy, as do
cassava roots, which are used for food in many cultures.
All adaptations, however, have costs, and plants’ defensive chem-
icals have theirs. Toxin manufacture requires materials and energy,
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and the toxins may be dangerous to the plant that produces them. In
eneral, a plant can have hig/ll,@_xinJe.\’_e‘lﬁ__gl'",_{gpig_ggggt,_h,__P}}E I}Ot
b o “ferbivore’s point of view, rapidly growin

. To put it from the :
both. To put i ""'é'f“fo"’ao, _tEaD‘StaEIe..Qij@wmgfowlng

. ally bett
plant tissues are usu —’z’/’e’n;me vulnerable than bark and why

structures—TFhisiswhy leaves ar ;

the first leaves of spring are especially vulnerable to caterpillars and
ests. i i

other p us, because their destruction

Seeds are often especially poisono o
would thwart the plant’s reproductive strategy. Fruits, however, are

bright, aromatic packets of sugars and other nutcril-ents spe};nflcalclly
designed to be attractive food for animals that can disperse the seeds
e fruit are designed either to

contained in them. The seeds within th
fely through an

be discarded intact (like peach pits) or to pass sa :
intestinal tract (like raspberry seeds) to be deposited at some distant
place surrounded by natural fertilizer. If the fruit isizfl.t'g‘n_rl?efg_;"e the

ed, so many plants make

seeds are ready, the whole investment is waste
mption of immature fruits, thus

the proverbial stomachache caused by green apples. Nectar is like-
wise designed to be €aten, but only by whatever pollinators are best
for the plant that makes it. Nectar is an elaborate cocktail of sugar
and dilute poisons. The recipe has evolved as an optimal trade-off
between the need to repel the wrong visitors and not discourage the

P B B S o

pdtent poisons to discourage consump

right ones.
Nuts represent a still different strategy. Their hard shells protect

them from many animals, and some, like acorns, are also protected
by high levels of tannin and other toxins. Though many acorns are
eaten, some are trampled into the ground, while others are buried by
squirrels and thus have a chance to sprout into new trees. It takes -
such elaborate processing to turn acorns into human food that we
wonder if the tannin may be too much even for squirrels. Perhaps it
leaches out when acorns are buried in moist soil. If so, the squirrels
are processing as well as hiding their food, a neat ploy in their arms
race w1thkthe oak. If you find yourself starving in an unknown wilder-
ness, seek your nourishment in soft swee i i
t £
hardest shells, and perhaps some i i T
e e o Inaccessible tubers. Avoid seem-
protected tleshy plant materi i
e s p terials like leaves; they are much
more likely to be poisonous, as they must b
€ to protect them from
your own or any other hungry mouth
Plants’ escalations of
the
S ] ; arms race are numerous and varied
ome plants make little defensive toxin unti] th .
€y are mechanically
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TOXINS: NEW, OLD, AND EVERYWHERE

damaged, after which toxin rapidly accumulates in o near the
injured part. Damage tg g tomato or potato leaf induces Production
of toxins (proteinase inhibitors) not only at the site of the wound byt
throughout the plant. A plant has no nervous system, but it does
have electrical signaling and a hormone system that can keep all its
parts informed about what takes place in a small regiop..Some aspen
trees have €veén more impressive communication. hen a leaf is
damaged, a volatile compound (methyl jasmonate) evaporating from
the wound can turn on the proteinase response in nearby leaves, even
those on oth;;&{rég‘s) The usual result of such defenses is that insects
are iscoﬁ?‘éﬂg‘éd‘“gfﬁt’er feeding even briefly. Some particularly adept
insects, however, begin their meal by cutting the main supply vein to

a leaf so the plant cannot deliver more toxins. And so the arms race
goes on.

DEFENSES AGAINST NATURAL TOXINS

he best defenses are, of course, the sorts of avoidance and

expulsion already discussed in relation to infectious dis-

eases. We avoid eating moldy bread or rotten meat, which

smell and taste bad, because we react with an adaptive dis-

gust to the toxins produced by fungi and bacteria. We rapidly expel

toxic substances by spitting or vomiting or diarrhea. We\‘qluickly
learn to avoid whatever gives us nausea or diarrhea.  &-¥@\ de-¢ Q.

Many swallowed toxins can be denatured by stomach acid and

digestive enzymes. The stomach lining is covered with a mucous layer

that protects it-from ingested toxins and stomach acid. If some cells

become contaminated, the effect is temporary since stomach and

intestinal cells, like those of the skin, are shed regularly. If toxins are

absorbed by the stomach or intestine, they are taken by the portal
vein ditectly to the liver, our most important detoxification organ.

o,

There, enzymes alter some toxic molecules to render them harmless
and bind others to molecules excreted in the bile back into the intes-
tine. Toxin molecules in sufficiently low concentration will be
quickly taken up by receptors on cells in the liver and rapidly
processed by the liver’s detoxification enzymes.

For instance, our protection against cyanide depends on an enzyme
called rhodanase, which adds a sulfur atom to cyanide to form a chem-
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yanate. Although thiocyanate is far less toxic than
rmal uptake of iodine into thyroid tissue
overworked thyroid gland to enlarge—a condi-
ts from the genus Brassica (including broccoli,
J cabbage) get their strong taste from
fél—ﬂ'lisothiocyangger The ability to tast.e a related compound, ghenyl-
L ﬁﬁbﬂégfﬁb;ﬁ;tg (i’TC) varies greatly, as 18 well known .by generations of
¢ PTC-impregnated filter paper as part

students who have tasted a bit o . e Whil
of an experiment to demonstrate genetic variation. ile some people
can't taste PTC, those with a different gene eXperience it as bitter. They

may have an advantage in avoiding natural compounds .that cause goi-
ter. About 70 percent of individuals in most populations ca.n tasFe
PTC, but in the Andes, where such compounds are especially likely in
the diet, 93 percent of the native people can taste it.

Oxalate is another common plant defense. Found in especially
high concentrations in chubarb leaves, it binds metals, especially cal-
cium. The majority of kidney stones are composed of calcium oxa-
and doctors have for years recommended that such patients
jum. However, a study of 45,619 men,

published in 1992, showed a higher risk of kidney stones for those
who had low calcium intakes. How is this possible? Dietary calcium
binds oxalate in the gut so that it cannot be absorbed. If dietary levels
of calcium are too low, some oxalate is left free to enter the body. If,
as researchers S. B. Eaton and D. A. Nelson have argued, the amount
of calcium in the average diet is now less than half of what it was in
the Stone Age, our current susceptibility to kidney stones may result
from this abnormal aspect of our modern environment, which makes
us especially vulnerable to oxalate.

There are dozens of other classes of toxins, each with its own way
of interfering with bodily function. Plants in the foxglove and milk-
weed f"“_m.ﬂy make glycosides (e.g., digitalis), which interfere with the
transmission of elejctrical impulses needed for maintaining normal
e e T e
cem—opioids in poppi st at interfere with the nervous sys-

ppies, caffeine in coffee beans, cocaine in the coca
leaf. Are such medically useful substances reall ins?
' . y toxins? The dose of
caffeine contained in a few coffee beans may give ]
but imagine the effect of the same dose on a Ifo U'S a pleasant buz.z,
diazepam (Valium), but in use! Potatoes contain
. mounts too small even t lax-
ation in humans. Other pl : O cause relax
plants have toxins that
Cause cancer OT

cyanide,
and thus can cause the
tion called goiter. Plan
Brt}fs‘splsﬁ_‘stg_'rp)uts. cauliflower, an

ot
—
o
A
e
.

late,
keep their diets low in calc
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TOXINS: NEW, OLD, AND EVERYWHERE

genetic damage, sun sensitivity, liver damage—you name ir. The
plant-herbivore arms race has created weapons and defenses of enor.
mous power and diversity.

What happens if we overload our bodies with so mansf toxin mol-
ecules that all the processing sites in the liver are occupied? Unlike
the orderly queues of shoppers in the supermarket, these molecules
do not just wait their turn to be processed. The excess toxins circu-
late through the body, doing damage wherever they can. While our
bodies cannot instantly make additional detoxification enzymes,
many toxins stimulate increased enzyme production in preparation
for the next challenge. When medications induce these enzymes, this
may hasten the destruction of other medications in the body, thus
necessitating dose adjustments. Timothy Johns’s book notes the
interesting possibility that inadequate exposure to everyday toxins
may leave our enzyme systems unprepared to handle a normal toxic

load when one occurs. Perhaps with toxins, as with sun exposure,
our bodies can adapt to chronic threats but not to occasional ones.
Grazers and browsers limit their consumption of certain plants to
avoid overloading any one kind of detoxification machinery. This
dietary diversification also helps to provide adequate supplies of vit-
?MBQ%EE& nutrients. Left to our own devices in a na
environment, we do the same. If your favorite vegetable is broccoli
and you were given an unlimited supply of it and nothing else, you
would not eat as much as you would if given both broccoli and
cucumbers. Many weight-loss diets are based on the principle that we
eat less if given only a few foods than we would if we had access to a
well-stocked cafeteria. We minimize the damage caused by dietary
toxins by this instinctive diversification, as we]] as with our own spe-
cial array of detoxification enzymes. These enzymes are not as potent
or diverse as those of a goat or a deer, but they are more formidable

at. We would be seriously poisoned if we ate

nd acorns, just as a dog or cat would quickly
sicken on what we might regard as a whole

tural

Scanned with CamScanner



WHY WE GET SICK

e is great wisdom in our innate tendency to fol-
low the seemingly arbitrary dictates ogcu.lture. Tbe rituals of many
societies require that cor? be. PTOFCSSC with alkali before it is eaten.
Can’t you just imagin€ prehistoric Olm}f  teenagers ridiculing their
elders for going tO all the bother? BU_E,E osefggag,?nrﬁ,z}_fﬂgfg only

Id have develo ed the skin and neurological

unprocessed corn wou RS e
abnormalities characteristic of pelllagrag,wNelther rebels nor elders

could have known that boiling corn with alkali balances the amino
ces the vitamin niacin, which prevents pella-

acid composition and fr Vi
gra, but the cultural practice accomplished what was needed, despite

the lack of scientific understanding.
Or consider the prehistoric residents of California, whose main

came from acorns. The abundant tannins in acorns are
mbine strongly with proteins, properties that make
ful as leather-tanning agents. As noted above, they

are highly toxic as they come from the tree. Whether the tannins

evolved to protect the acorn against large animals or against insects

and fungi is uncertain, but dietary concentrations of over 8 percent

1 to rats. The tannin concentrations in acorns can reach 9 per-
cent, and this explains why we cannot eat aCOrns raw. The Pomo Indi-
ans of California mixed unprocessed acorn meal with a certain kind
of red clay to make bread. The clay bound enough of the tannin to
make the bread palatable. Other groups boiled the acorns to extract
the tannin. Our enzyme systems can apparently cope with low con-
centrations of tannin, and many of us like its taste in tea and red
wine. Small amounts of tannin may even be helpful by stimulating
production of the digestive enzyme trypsin.

Human diets expanded after fire was domesticated. Because heat
deto?ﬂﬁes many of the most potent plant poisons, cooking makes it
possible fOF us to eat foods that would otherwise poison us. The
Eyanogen;nc glycosides in arum leaves and roots are destroyed by

eat, so that arum
= f:; - could be cooked and eaten by early Europeans:
nfortunately, some toxi . ,
= tozi., tOm-r-;-i“‘—a-1'-‘*--—-5‘5‘bh’—"'at-whl-gh-temperatures, while
NS are actua s

b cbecued chi y produced by cooking. That tasty char
on barbecued chicken contains enough toxic ni :

N gh toxic nitrosamines for several
authorities to recommend restrictin .

b g our intake of grilled meat tO
prevent stomach cancer. Have we been cooki
o i
have developed specific defenses agai ng meat long enough t©
: against the char toxins? Cooking
may have been invented hundreds of tho ‘ :
usands of years ago, and it

More broadly, ther

sustenance
astringent and co
them especially use

are fata
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TOXINS: NEW, OLD, AND EVERYWHERE 1

must have started with barbecues on open fires. It would be interest.
ing to know if we are more resistant to heat-produced toxins than oy,
closest primate relatives are. e

Since the invention of agriculture we have been{s,.‘ilicfj,‘ff:l;Y_.,QE?_,_e_.‘C‘I;
ing plants to overcome their evolved defenses. Berry bqshes were bred

a3

for reduced spininess and the berries for reduced toxin_concentra.
tions. The History of potato domestication, as described in Johns's

‘Book, is especially instructive. Most wild species of potato are highly
toxic, as you might expect, given that they are an otherwise unpro-
tected, concentrated source of nourishment. Potatoes are from the
same plant family as deadly nightshade and contain harmful amounts
of the highly toxic chemicals solanidine and tomatidine. Up to 15 per-
cent of their protein is designed to block enzymes that digest proteins.
Still, a few wild species can be eaten in limited quantity, and edibility
can be increased by freezing, leaching out the toxins, and cooking. We
enjoy thoroughly edible potatoes today thanks mainly to many cen-
turies of selective breeding by native farmers in the Andes.

Concerns about pesticides have recently spurred programs to
breed plants that are naturally resistant to insects. This protection is
provided, of course, by increased levels of natural toxins. A new vari-
ety of disease-resistant potato was recently introduced that did not
need pesticide protection, but it had to be withdrawn from the mar-
ket when it was found to make people ill. Sure enough, the symp-
toms were caused by the same natural toxins the Andean farmers had
spent centuries breeding out. An evolutionary view suggests that new

breeds of disease-resistant plants should be treated as cautiously as
artificial pesticides are.

™

NOVEL TOXINS

ne reason to stress the prevalence of toxins in our nat-
ural environment, and our evolutionary adaptation to
them, is to provide a perspective on the medical signifi-
cance of novel toxins, Nove] toxins are a special prob-
ause artificial pesticides such as DDT are intrinsically
ful than natural ones but because some of them are
extremely different chemically from those with which we are adapted

lem not bec
more harm
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» enzymatic machinery designed to deal with
ury complexes. (?ur livers are ready and wait-
- ins, but they don't know what todo with some
ing for many Plant;o h é}rﬁﬁe, we have no natural inclination to
nﬂw g < ins Evolution equipped us with the ability to
i nove to};ln rllatural toxins and the motivation to avoid
B Lo £ C; rz::;es, [n psychological jargon, the natural toxins
tend to be :vzrsive stimuli. But weé have no such machinery to protect
us from many artificial toxins, like PDT, that are 'odorless a1.1d tastf:—
less. The same is true of potentlally ml'ltage-mc or carcinogenic
radioisotopes. Sugar synthesized from radioactive hydrogen or car-
bon tastes as sweet as that made with ordinary st_able isotopes, but we
have no way of detecting its dangers.

It is not always easy tO tell what the effects of a novel environ-
mental factor may be. For instance, the debate about the possible
dangers of mercury in dental fillings has gone back and forth, but
Anne Summers and her colleagues at the University of Georgia have
recently found that mercury fillings increase the number of gut.bac-

to cope. We have 1
PCBs or organic merc

such smell

teria that are resistant to common antibiotics, apparently because the
e —— s p et vsn e 1 s Piaipamr S A

TIPS

mercury acts as a selective factor for ‘bacterial genes that protect
against mercury and some of these same genes confer resistance to

S s

anfiEiOthES;ﬂ:l: he clinical significance of this finding is uncertain, but it
nicely illustrates the unexpected means by which novel toxins can
affect our health.
lSmce we can no longer, in our modern chemical environment,
re ;l,r or;1 -Oﬁr natural reactions to tell us which substances are harmful
and whnich ar . z
gers and tak e not, we often rely on public agencies to assess the dan-
» ; measures to protect us from them. It is important to
avoid unrealistic expectations of such :
limited reliabil ch agencies. Tests on rats are of
imited reliability as models for K it
uman capabilities, and there are

many political difficulti
yP ifficulties that can frusteaee publia set Vi
ronmental hazards. Scientifjca]] : ton on ©

. illi :
saying that no amount of an y illiterate legislatures can pass laws

ancestors, like those of today
)

benefits. This i ere com i
his is one of the less ye] Promises between costs and

an evolution i . Come ¢ i
ary view of medicipe. onclusions that arise from
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MUTAGENS AND TERATOGENS

utagens are chemicals that cause mutations, which may
e d thus lead to health

cause cancer or damage genes an
problems for many generations. Teratogens are chemi-

..... - T e

cals that interfere with normal tlSSUE development and

cause birth defects Mutagens and teratogens ‘are not sharply separate
from @ach other or from toxins with short-range effects. Ionizing radi-
ation and mutagens such as formaldehyde and nitrosamines can all
cause distress immediately or cancer or birth defects years later.

While it is important to learn which poisons harm everyone, peo-
ple vary in their susceptibility to many substances, such that one
man’s meat may be another’s poison. We will deal with special aspects
of individual variability in the chapter on allergy. Vulnerability varies
by age and sex. It seems particularly unlikely that detoxification capa-
bility is the same in both adults and the very young, especially during
embryonic and fetal development. There are abundant theoretical rea-
sons, as well as data from many experimental studies, that show that
actively metabolizing tissues are more vulnerable to toxins than dor-
mant ones, cells that divide rapidly more than quiescent ones, and
cells that differentiate into specialized types more than those that
merely reproduce more of the same. ‘

All these perspectives suggest | that embryonic and fetal tissues may
be harmed by lower concentratlons of toxins than adult tissues are.
We regard Figure 6-1 as a likely picture of vulnerability through
human prenatal development. Vulnerability rises rapidly from the
level characteristic of a quiescent egg in an ovary to a peak in the crit-

et

ical stages of organ formation and tissue dlfferentlatlon “then slowly
declines to closer to the a‘dult level of tolerance at full term.
“We will return to this graph in a moment, but first let’s look at a
classic mystery of traditional medicine. So-called morning sickness is
often the first reliable sign of pregnancy, especially for women who
recognize it from prior experience. This nausea and its associated
lethargy and food aversions are so common as to be considered a nor-
mal part of pregnancy, although they are quite variable in intensity.
For some women they mean many weeks of misery, while others
aren’t bothered much, We may even think of morning sickness as
one of the symptoms of pregnancy, as if pregnancy were a disease.
The current clinical approach seems to be: pregnancy sickness makes

87

Scanned with CamScanner



WHY WE GET SICK

Vulnerability
to Toxins

Normal adult level of vulnerability

3 6 -9
Time (months) (Birth)

FiGURE 6—-1. Toxin vulnerability at different prenatal ages.

women distressed, so let’s find a way to alleviate the symptoms and
make them feel better. Unfortunately, making people feel better does
P
not always improve their health or secure other long-term interests.
As pointed out in Chapters 1 and 2, natural selection has no mandate
to make people happy, and our long-range interests are often well
served by aversive experiences. Before we block the expression of a
symptom, we should first try to understand its origin and possible
functions.

Fortunately, a biologist thoroughly committed to the adaptation-
ist program has recently wondered at the mystery of morning sick-
ness and devised an explanation. Margie Profet, an independent
scholar and biologist in Seattle, argues that a condition as common
and spontaneous as pregnancy sickness is unlikely to be pathological.
Note on the graph how fetal vulnerability corresponds almost exactly
to the EEIEES of pregnancy sickness. This concordance provided
Profet with a crucial clue. NEEEF&E“_d,fQ_Od aversions during preg-
na“‘;limeiﬁé‘i;}?:fge argues, to impose dietary restrictions.on.the
mother and thereby minimize fetal exposire to toxins. The :

i Bl AL 0s
e rariTonal barden o e paaposure (0 toxing, The fefis 1 *
on the motheéf i the early weeks of preg-
nancy, and a healthy, well-nourished woman can often afford to eat
less. The food she is inclined to eat is usua]] i

d 1l , ally bland and without the

strong odors and flavors provided by tox; d
s i : ic compounds. She avoids
not only spicy plant toxins but also those prod d

produced by fungal an
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TOXINS: NEW, OLD, AND EVERYWHERE

bacterial decomposition. A lamb chop that smells fine to a man may
smell putrid and repulsive to his pregnant wife.
Profet amassed diverse evidence in support of her theory. One
example is the correlation between toxin concentrations and the
tastes and odors that cause revulsion. Another is the observation that
women who have no pregnancy nausea afe _rn'brgz likely to-miscarry or
to Eﬁéhildrén with birth defects. Much more evidence needs to be
gathered on the evolutionary and related medical questions. We
think it unlikely, for instance, that the phenomenon is uniquely
human. Is it found in mammals in general, especially herbivores? Do
newly pregnant rabbits eat less and choose their food more carefully
than either before pregnancy or later on? Studies of wild animals
would be the best way to answer these evolutionary questions. The
medically more important research can be carried out on laboratory
animals. An essential premise to be tested is that some toxins of triv-
ial importance for normal adults have seriously deleterious effects on
fetal development. We also need to know the common environmen-
tal toxins that are most likely to harm a fetus. We also need to look
for associations between diet during pregnancy and the more fre-
quent kinds of birth defects, as well as at individual variations in
detoxification enzymes.

Some practical applications of this theory are illustrated by the
history of the antinausea medication Bendectin. Pregnant women,
understandably, often ask their physicians to do something about
their nausea. Recognizing the dangers of drug administration during
pregnancy, physicians were generally cautious, but the drug Ben-
dectin was thought to be safe and was widely prescribed. After the
thalidomide tragedy, there were many studies on the possible harm-
ful effects of Bendectin, and the equivocal evidence has even been the
topic of Supreme Court deliberations. Unfortunately, none of the
studies has ever considered the possible functions of morning sick-
ness. Perhaps anything that suppresses morning sickness may cause
birth defects indirectly by encouraging harmful dietary choices.

If Profet’s theory is correct, it means that pregnant women should
be extremely wary of all drugs, both therapeutic and recreational.
Fetal alcohol syndrome is perhaps the biggest current problem,
affecting thousands of babies every year. Cigarettes can also cause
problems, and coffee, spices, and strong-tasting foods may well best
be avoided. Certainly, it would be wise to avoid taking any medica-
tions if possible. Studies can determine which medications cause
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because others may have more subtle effects,

major birth defects, but
it is better to be . safe than SOITY..
Other than avoiding toxins, what should a pregnant woman do
’ : 1] s
about her nausea! The €asy and obvious answer 15 “Respect it Your
reactions to food are probably adaptive for your baby. Do n'ot succumb
d to avoid. Better to

to the urgings of others to eat what you are ‘nCIfne i
offend the host at the party than to risk imposing 2 long-term impair-

ment on your child.” But what about your own suffering? It WO.llld be
easy enough for rwo. male authors to say, “Accept your nausea; it con-
tributes to your long-term desire for healthy family.
this is not a satisfactory recommendation. Relief of unpleasant symp-
toms is desirable as long as side offects are acceptable. We would hope
that obstetricians someday will be able to provide their patients with a
list of all the substances they ought to avoid. Armed with this knowl-
edge, women could safely use a medication to prevent nausea if it is pos-
sible to find one that is effective and to have confidence that it is safe.
People in many cultures, especially pregnant women, eat certain
kinds of clay. Although this clay has often been regarded as a mineral
¢t can relieve gastrointestinal distress and for this reason
is used in some modern antidiarrheal medications. Certain kinds of
clay, as mentioned in the discussion about acorns, tightly bind solu-
ble organic molecules, including many toxins. In other words, they
may relieve symptoms in the best possible way—by removing the
harmful cause. Unfortunately, we doubt that it is possible to patent

clay. Our present system of drug marketing makes it unlikely that
he millions needed to test such a product

ol an exclusive patent. Reg-

supplement, i

any company would invest t
and bring it to market if it could not contr
ulatory agencies protect us, but they also constrain us.

As fetuses grow older, they become children who tend to hate veg-

etables. They especially dislike strong-flavored vegetables such as
onions and broccoli, the very ones that contain high levels of plant
toxins. The developmental course of these dislikes offers a clue to
their explanation. Even finicky children often begin to experiment
with new foods just as they mature into teenagers and their growth
nears completion. The evolutionary explanation for this sensitivity
may be the benefits, during the Stone Age, of avoiding the most toxic
plants during childhood. Modern-day children and adults would
both benefit from eating more of our modern low-toxin vegetables
but there may be a good evolutionary explanation for why childrer:

steadfastly resist eating their vegetables. l, — e

i o - Q:‘—j\-«.
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