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The issue is “very important clinically,”
Barsky says, because nocebo e≠ects can
be distressing and costly. Patients who
blame their symptoms on the pill they’re
taking may give up too soon on a poten-
tially beneficial treatment. They can also
waste time and money by returning to
the doctor to have the medication
changed, or to seek treatment for their
nocebo symptoms.

Nonspecific side e≠ects simply add to
the burden of a patient’s illness, and
Barsky would like to see that change.
But he admits it won’t be easy. “It can be
very complicated to decide if any given
symptom is directly related to the
drug,” he says. In 2002, he and three col-
leagues published a literature review of
nocebos in the Journal of the American Med-
ical Association (JAMA). The paper cites a
study of a commonly prescribed drug in
which researchers were able to link
only 11 percent of adverse side e≠ects
reported by patients directly to the
medication—leaving the other 89 per-
cent, potentially at least, in the nocebo
category.

Nocebo symptoms are often vague.
Many of us walk around daily feeling
mild aches and pains that we mostly ig-

nore. But add to the mix an illness and a
prescription medication, and it’s easy to
see how we might interpret our upset
stomach or sleepiness as a side e≠ect of
the drug we’re on.

The JAMA paper cites other factors. A
patient who expects to su≠er painful
symptoms is more likely to. Depressed pa-
tients tend to feel bodily distress. Women,
who report disturbing initial symptoms
more often than men, are also more likely
to report nocebo e≠ects. Patients with a
history of side e≠ects can become condi-

tioned to develop them again—and not
only because of drugs. In one study, a third
of chemotherapy patients felt extremely
nauseous upon entering a room painted
the same color as the one where they got
their chemo treatments.

External factors come into play as
well. A drug’s reputation can make peo-
ple wary. Many patients, for example,
are aware of allergies to penicillin—up
to 10 percent of those hospitalized re-
port a penicillin allergy, according to
Barsky’s paper. But in a carefully super-
vised and monitored study of such pa-
tients, 97 percent of them actually had
no reaction when they were adminis-
tered oral penicillin. Even a pill’s size,
shape, and color can make a di≠erence.
Studies have shown that red, orange,
and yellow pills are associated with
stimulants; blue and green pills tend to
make people sleepy.

Barsky’s research shows that about
three-quarters of both patients and
healthcare workers are unacquainted
with the nocebo e≠ect. He o≠ers this ad-
vice to doctors and nurses: take pains to
identify any chronic symptoms that pa-
tients may su≠er from before beginning a
course of treatment, and discuss the no-
cebo phenomenon with them. Admit-
tedly, “It’s possible that some doctors
will  just switch the patient to another
medication,” says Barsky. But they then
risk seeing the same pattern of side
e≠ects repeat itself. In the long run, he
says, they’ll save time by having these
conversations.                �katharine dunn

F L Y  T A R T A R E

Leaves That Lunch

T
he most famous carnivore of
the plant kingdom, the Venus
flytrap, lures insects to its leafy
green lips with a sweet-smelling
scent, then snaps its mouth-like

leaves shut in just 0.1 second to ensnare
its prey. Scientists have long sought an
explanation for how a plant, which has
no muscles, can move fast enough to
catch a fly. Lakshminarayanan Mahade-

van, Gordon McKay professor of applied
mathematics and mechanics, leading a
cross-disciplinary team of mathemati-
cians, engineers, and biologists, recently
found the answer, which appears in the
January 27 issue of Nature. The plant uses
elastic energy stored in the curvature of
its leaves, which buckle shut when an 
insect brushes a hair trigger on the inner
leaf surface.
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The researchers ob-
served, as did Charles
Darwin, that the cur-
vature of the plants’
leaves flipped from
convex to concave
when they closed.
They hypothesized
that the plant might be
exploiting a dynamic
instability in the leaf’s
structure, flipping
from one mode to the
other in much the
same way one can in-
vert a soft contact lens.

The team painted
fluorescent dots on the
outer surfaces of leaves
and then filmed the
plants in action with a high-speed video
camera under ultraviolet light, which
made the motion of the dots, and hence
the leaves, visible. They used mirrors to
create two images of the leaf’s dotted sur-
face. “If you have two views of the same
object,” Mahadevan explains, “that is
su∞cient to reconstruct what it looks
like in three dimensions.”

He used a combination of theory, mod-
eling, and experiment to show how the
plant uses pent-up elastic energy to e≠ect
a rapid mechanical closure. Prior research
by others had shown that the Venus
flytrap moves water inside its leaves to
make them open and close, but such
changes in cellular turgidity do not take
place fast enough to account for the trap’s
speedy snap. The secret to the quick clo-

sure proved to be mechanical buckling
triggered by movements of water in the
leaf. The researchers devised equations
that describe the action and predict
whether a leaf can shut and how fast it
will move. Bigger, highly curved leaves
snap more quickly.

Mahadevan’s approach is an “old-
school, very unfashionable way of doing
science that used to be called ‘natural
philosophy’ a century ago, where you
wondered about everything.” He had
been fascinated by the flytrap’s mechan-
ics for some time, but was inspired to ac-
tually study the plant “for fun” when a
colleague gave him one to grow on his
desk. In the freshman seminar he teaches
on “The Science of Everyday Life,” he
finds connections between the wrinkling
of carbon nanotubes and the wrinkling of
an elephant’s trunk, and between the for-
mation of mountains and the way fabrics
drape and fold. “Just because something
is familiar doesn’t mean you understand
it,” he observes. “This is the common fal-
lacy that all adults make and no child
ever does.” �jonathan shaw

lakshminarayanan mahadevan website:
www.deas.harvard.edu/softmat

Above: In a time-exposure photograph, a glass
probe (foreground) stimulates a Venus flytrap’s
leaves to close. Left: Lakshminarayanan 
Mahadevan demonstrates how the plant springs
its trap, even without nerves or muscles.
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