
The United States Army Ae rom e d-
i cal Research La b o ra t o ry is housed

in a low orange bri ck building in Fo rt
Ru ck e r, A l a b a m a , an isolated ru ral are a
c ove red with pine fore s t . Fo rt Ru cker is
the largest training base for helicopter
pilots in the United St a t e s . It is also
w h e re, for more than a deca d e, the sleep
re s e a rchers John and Lynn Caldwell
h a ve been conducting pion e e ring work
on sleep depri v a t i on . Their labora t o ry
c ontains an elaborate flight simu l a t o r, i n
w h i ch a re p l i ca of a helicopter cockpit 
is mounted on a hyd raulic base that 
re p roduces the complex movements of
fli g h t : the dow nw a rd pitch of t a k e o f f,
the torque of yawing left or ri g h t .Wra p-
a round projected images mimic the vi-
sual experience of fli g h t . “I t’s not like
sitting at a video monitor or a com p u t e r
s c re e n , ”J ohn Caldwell said re c e n t ly.“I t’s
as close to the real thing as you can get.”
Not long ago, six helicopter pilots, i n
g reen Army flight suits and com b a t
b o o t s ,w e re kept awake con t i n u o u s ly for
two forty-hour peri o d s ,s e p a rated by on e
night of re c ove ry sleep. Detailed perf o r-
mance ev a l u a t i ons were conducted at
regular interv a l s .The pilots were ord e re d
to execute pre c i s i on maneuve r s :“ St ra i g h t
l evel for two minutes”; “ O n e - h u n d re d -
e i g h ty - d e g ree turn at one hundre d
tw e n ty knots”;“Now! Le ft standard - ra t e
t u rn . ” The Caldwells were thus able to
a s s e s sh ow sleep depri v a t i on affected the
p i l o t s ’p e rf o rm a n c e .

The military has a pra c t i cal interest in
s u ch matters. Last mon t h , for example,
the first Am e ri can bombing mission s
over Afghanistan re q u i red the tw o - m a n
c rew of a B-2 stealth plane to fly there
f rom Missouri without stopping—a tri p
h a l f w ay around the worl d . In ord i n a ry
c i rc u m s t a n c e s , as the Caldwell s ’ re s e a rch
c on firm e d , s l e e p - d e p ri ved pilots make
m o re errors and re s p ond more slow ly.
Yet some of the pilots in the Caldwell s ’
study were little affected by the loss of
s l e e p. These were pilots who had been

g i ven the compound 2-(diph e nyl m e t hyl )-
s u l finyl a c e t a m i d e,also known as modaf-
i n i l . “Drugs are a tactical necessity for
sleep depri v a t i on , ” J ohn Caldwell says .

M o d a fin i l , w h i ch was approved not
l ong ago by the Food and Drug Ad-
m i n i s t ra t i on for the treatment of n a r-
c o l e p s y, is not a conve n t i onal stimu l a n t ,
and has almost no detectable effect on
people who are already fully alert . Ye t
the drug is at the center of a burgeon i n g
n ew area of re s e a rch into the neuro-
ch e m i s t ry of sleep and wakefulness,
w h i ch promises to tra n s f o rm the tre a t-
ment of sleep disord e r s. At the same
t i m e, scientists are exploring the pro s-
pect that people may be able to sustain a
state of poised and pro d u c t i ve alert n e s s
for days on end. Some have even ra i s e d
the question of whether advances in
b i o ph a rm a c o l o gy will ultimately make
regular sleep unnecessary.

Th re e years ago, scientists in Te x a s
i d e n t i fied a new family of n e u ro-

t ransmitters ca lled ore x i n s . These are
p roteins produced by a re m a rk a b ly small
number of n e rve cells—a few thousand,
at most—in a single area of the hyp o-
t h a l a mu s . To find out what orexin did,
scientists created “k n o ck o u t”m i c e,w h i ch
l a cked the gene for that particular pro-
t e i n . The genetica lly engineered mice
seemed normal in all respects but on e :
t h ey had trouble staying awake.The sci-
entists got in touch with Dr. T h om a s
S ca m m e ll , a sleep expert at Beth Israe l
D e a c oness Medical Center, in Boston ,
and Dr. C l i f f o rd Sa p e r, a pro fessor of
n e u ro l o gy at Harv a rd ,who together con-
firm e d that orexin regulated the sleep-
wake cycl e .

“I f you think about a normal day,
n i n e ty-eight per cent of the time is spent
either awake or asleep, ”Saper says .“T h e re
is a ve ry short tra n s i t i on period betw e e n
the tw o.The brain seems to have a fli p -
flop switch that changes the state from
wakefulness to sleep, and orexin acts like
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the thumb that keeps this switch in the
‘on’ p o s i t i on . ” A defic i e n cy of o re x i n
causes narc o l e p s y.

Not long ago, S ca m m e ll and his re-
s e a rch team dissected the hyp o t h a l a mu s
o f a n a rc o l e p t i c .The hyp o t h a l a mus ap-
p e a red norm a l : it was the size of a plum,
and had the color and con s i s t e n cy of
t o f u . A technician mounted it on a mi-
c ro t om e, a pre c i s i on instrument with a
s h a rp blade, and cut the tissue into slices
that were forty microns thick , or a little
m o re than a thousandth of an inch .E a ch
slice fe ll into a petri dish filled with a
p re s e rv a t i ve solution , and floated like
go s s a m e r. B e cause tw e ezers might ri p
the delicate tissue,S ca m m e ll used a fin e -
h a i red p a i n tb rush to lift and inspect the
s l i c e s . He traced the part of the hyp o-
t h a l a mus that norm a lly contains the
o rexin neuron s , a thin ivory-white band
the width of a pencil lead, not far from
the optic nerve, w h i ch runs from the
retina to the base of the bra i n . Then a
special reagent was used to test the tis-
s u e for the presence of o re x i n.On a nor-
mal hyp o t h a l a mu s , a swath of b l a ck dots
would appear over the ivory-white band,
i n d i cating the presence of the pro t e i n .
On the narc o l e p t i c’s hyp o t h a l a mu s ,h ow-
eve r, no black dots appeare d .

What had happened to the ore x i n
n e u rons? Unlike the knockout mice, t h e
m a j o ri ty of human narcoleptics have
n o rmal genes for producing orexin pro-
teins and re c e p t o r s . R e s e a rchers believe
that the orexin neurons are destroyed as
p a rt of an autoimmune re a c t i on .

Until re c e n t ly, the on ly “c o u n t e rm e a-
s u re s ” to sleepiness have been conve n-
t i onal stimu l a n t s ,most notably amph e t-
amines like Dexe d ri n e . D e xe d rine has
been the standard treatment for nar-
c o l e p s y, and it has had military applica-
t i ons as well : the United States Air Fo rc e
supplied it to most air crews during the
Persian Gu l f Wa r. M o re than sixty per
cent of the pilots who used the drug said
it was “e s s e n t i a l” to accomplishing their
m i s s i on .U n f o rt u n a t e ly, a m ph e t a m i n e s ,
in addition to a high potential for addic-
t i on , cause jitteri n e s s ,hyp e rt e n s i on , ra p i d
and irregular heartb e a t , ove rc on fid e n c e,
and a negative “re b o u n d” e f fe c t — n on-
re s t o ra t i ve sleep—when they wear off.
What scientists have sought instead is
s omething that would boost wakeful-
ness by re p l i cating the brain ch e m i s t ry of
h e a l t hy, w e ll - rested people.

Like many dru g s ,m o d a finil was dis-
c ove red before its mode of a c t i on was un-
d e r s t o o d . In the early nineteen-eighties,
a Fre n ch ph a rm a c e u t i cal com p a ny, La b-
o ra t o i re La f on , was exploring new tre a t-
ments for somnolence by injecting hun-
d reds of c ompounds into lab animals
and observing the re s u l t s . In rats and
then in humans,m o d a finil was found to

cause wakefulness, ye t , unlike stimu l a n t s ,
it did not give rise to hyp e ra c t i v i ty. I n
cl i n i cal trials conducted by Ceph a l on , a
Pe n n s ylvania-based com p a ny that li-
censed the dru g, m o d a finil was demon-
s t rated to be a safe and effe c t i ve tre a t-
ment for narc o l e p s y. Som e h ow, it made
up for the missing ore x i n .

“M o d a finil is a key to understand-
ing biologica lly what it means for us to

be awake, ” M a t t h ew Mill e r, a ph a rm a-
cologist at Ceph a l on , s ays. M i ller be-
l i eves that through ev o l u t i on we have
d eveloped two diffe rent systems in the
b rain which prev i o u s ly were lumped to-
gether under the broad term of w a k e f u l-
n e s s . The first system is associated with
v i g i l a n c e, w h e re one is tensely alert to
potential threats in the env i ron m e n t .

The phys i o l o gy of vigilance seems to 
i nv o lve the dopamine, n o re p i n e ph ri n e,
and sero t onin pathways : s t i mu l a t i n g
these pathways results in hyp e ra c t i v -
i ty and a re d u c t i on of re a c t i on time.
The second system is the “ca l m” type of
w a k e f u l n e s s , w h e re one is attentive and
engaged in so-ca lled “e xe c u t i ve func-
t i ons”—able to focus on cognitive tasks.
Su ch wakefulness may inv o lve the his-
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t a m i n e p a t h w ays . In Mill e r’s view, t h e
t rouble with conve n t i onal stimu l a n t s —
ca f feine and coca i n e, as well as amph e t-
amines—is that they indiscri m i n a t e ly
activate all the wakefulness-prom o t i n g
n e u rons throughout the bra i n . M o d a f-
i n i l , by con t ra s t , p romotes the more se-
l e c t i ve firing of n e u ronal circuits in the
c e re b ru m , p a rt i c u l a rly in the pre f ron t a l
c o rt e x ,w h e re many of the higher exe c u-
t i ve functions of c o g n i t i on and emotion
seem to lie.

For narc o l e p t i c s , the results can be
d ra m a t i c .The con d i t i on was re c e n t ly di-
agnosed in a graduate student I’ll ca ll
Joan Le B l a n c, and modafinil was pre-
s c ri b e d .She says she experiences neither
a “ru s h” nor a “k i ck”as it takes effe c t ,a n d
t h e re is no “c ra s h” when it wears off.
D e xe d rine interfe res with normal sleep,
leaving its users feeling hung over when
t h ey awaken.This so-ca lled sleep inert i a
o ften prompts the user to take more
p i ll s , and a vicious cycle ensues. M o d a f-
inil pre s e rves normal “sleep arch i t e c-
t u re . ”“I have no problem going to sleep,
and I wake up feeling re f re s h e d , ” s h e
s ays . “I’m not desperate for an aft e rn o on
n a p, but I can take one when I want
on e . ”Unlike stimu l a n t s ,m o d a finil seems
to have no potential for addiction ; n o r
h a ve users been known to develop toler-
a n c e .I n d e e d ,b e cause of m o d a fin i l’s ef-
fe c t i veness and safe ty, m a ny phys i c i a n s
a re experimenting with it for patients
with other disord e r s ;m o d a finil has been
s h ow n , for instance, to all eviate drow s i-
ness and fatigue associated with mu l t i p l e
s cl e ro s i s , Pa rk i n s on’s , and depre s s i on .

O f c o u r s e, one of the re a s ons so
m a ny Am e ri cans have trouble stayi n g
awake is that they have trouble fall i n g
a s l e e p. Dr. David Wh i t e, a sleep expert
at Boston’s Brigham and Wom e n’s Hos-
p i t a l ,estimates that nearly thirty per cent
o f the population has significant insom-
nia on occa s i on ; for ten to fifteen per
c e n t , it is a regular con d i t i on . Some re-
s e a rchers believe that the orexin pathway
m ay point tow a rd a new - g e n e ra t i on
sleeping pill that would not have the 
disadvantages of c onve n t i onal sleeping
p i ll s , w h i ch almost alw ays degrade the
q u a l i ty of the sleep they induce. A dru g
that blocked orexin might re p l i cate the
s o rt of rapid tra n s i t i on to sleep that nar-
coleptics experi e n c e . “But there is still a
lot we don’t know about the kind of
sleep that might re s u l t , ”T h omas Sca m-

m e ll , the Boston sleep re s e a rch e r,w a rn s .
“I f it meant pro l onging REM s l e e p,
you might have eight hours of i n t e n s e
d reams with an ere c t i on . ” Pa ra d ox i ca lly,
s ome investigators speculate that modaf-
inil itself could be helpful for insom n i-
a c s , since they re p o rt low energy duri n g
the day. A more alert ,f ruitful day could
usher in a night of re s t o ra t i ve sleep.

Even as sleep disorders incre a s e,
firms are pushing their employe e s

to disrupt their normal sleep patterns 
in order to provide services around 
the cl o ck . A fitness center that is open
tw e n ty-four hours a day, or a re s t a u ra n t
that can deliver in the early morn i n g,o r
a brand manufacturer that can take or-
ders and ship clothes and shoes and
b a ck p a cks and watches whatever the
hour may enjoy a significant advantage
over its com p e t i t o r s . As USA To d a yre-
c e n t ly re p o rt e d , t h e re are two hundre d
and thirty - s even Home Depots and
n e a rly thirteen hundred Wa l - M a rts that
n ever cl o s e . A health-club chain ca ll e d
24 Hour Fitness has more than four
h u n d red and thirty facilities; the ch a i n
spends an extra five mill i on dollars a
year to stay open all the time, and the
extended hours generate an estimated
fifty mill i on dollars in additional reve-
n u e . In the corp o rate worl d , o f c o u r s e,
to be able to get by on five hours of s l e e p
or less is a badge of h on o r, a mark of t h e
Olympian exe c u t i ve who can stra d dl e
time zon e s , b ridging the Nasdaq and
the Ni k k e i .

In fact, re s e a rchers have coined a
t e rm , “s h i ft - w o rker syn d rom e, ” to de-
s c ribe people who, in moving betw e e n
d ay and night sch e d u l e s ,d evelop persis-
tent drowsiness when they are supposed
to be active and insomnia when they are
t rying to sleep. Dr. C h a rles Cze i s l e r, a
p ro fessor at Harv a rd , and Dr. D a v i d
D i n g e s , a re s e a rcher on sleep depri v a t i on
at the U n i ve r s i ty of Pe n n s ylv a n i a , re-
c e n t ly conducted a study in which six-
teen healthy subjects were placed in
s h i ft - w o rk con d i t i ons in a labora t o ry.
(The work was funded by the Air Fo rc e
O f fice of S c i e n t i fic Research and by
C e ph a l on.) Some were given modafin i l ,
others a placebo. Th ey underwent on e
tw e n ty-eight-hour period of sleep de-
p ri v a t i on to re p l i cate the habits of re a l -
l i fe shift work e r s . Then they began a
f o u r - d ay period of being awake at night
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and sleeping from 11 A.M. to 7 P.M. D e-
spite these ra d i cal changes in their sleep
cycl e s , the volunteers found that modaf-
inil sustained their alertness and the ca-
p a c i ty to perf o rm well in a vari e ty of c o g-
n i t i ve te s t s . In one such test, v o l u n t e e r s
w e re asked to memori ze symbols that
re p resented diffe rent numbers. When a
p a rticular symbol was shown to the vol-
u n t e e r, he had to type the designated
number for that symbol on a com p u t e r.
The error rate among those who were on
a placebo was significa n t ly greater than it
was for those taking modafin i l .

M e a nw h i l e, the military’s sleep re-
s e a rch is going far beyond shift - w o rk e r
e x p e riments and fli g h t - s i mulator stud-
i e s . This summer, the Department of
D e fense Advanced Research Pro j e c t s
A g e n cy, or DA R PA, solicited “i n n ov a t i ve
re s e a rch and deve l o pment pro p o s a l s i n
the preve n t i on of d e g ra d a t i on of c o g n i-
t i ve perf o rmance due to sleep depri v a-
t i on . ” DA R PA w i ll provide more than a
h u n d red mill i on dollars in re s e a rch gra n t s ,
and sets forth its ra t i onale as foll ow s :

The capability to resist the mental and
physiological effects of sleep deprivation will
fundamentally change current military con-
cepts of “operational tempo” and contempo-
r a ry orders of battle for the military serv i c e s .
In short, the capability to operate eff e c t i v e l y,
without sleep, is no less than a 21st Century
revolution in military aff a i r s . . . . As combat
systems become more and more sophisticated
and reliable, the major limiting factor for op-
erational dominance in a conflict is the war-
fig h t e r. Eliminating the need for sleep while
maintaining the high level of both cognitive
and physical perf o rmance of the individual
will create a fundamental change in warfig h t-
ing and force employment.

Seve ral studies have already been
l a u n ch e d . O n e, based at Sea Wo rld in
San Diego, focusses on dolph i n s ,w h i ch
n ever go fully to sleep. “If these dol-
phins fe ll asleep, t h ey could die in the
w a t e r, ” J ohn Carn ey, a neuro ph a rm a-
cologist who oversees the DA R PA p ro-
g ra m , s ays . “As mammals, t h ey have to
s u rface re gu l a rly for ox y g e n , so they’ve
had to adapt.” In dolph i n s , on ly on e
c e re b ral hemisph e re sleeps at a time:
when the left hemisph e re is asleep, t h e

right one is awake, and vice ve r s a . C a r-
n ey believes that working out how the
d o l phin hemisph e res shift between wake-
fulness and sleep while the animal main-
tains a basic level of a l e rtness may lead to
methods by which cognitive perf o rm a n c e
might be sustained in human beings.

The Pe n t a gon wants soldiers who
can be awake and high-functioning for
up to a full week, even in circ u m s t a n c e s
w h e re a single error can have disastro u s
c on s e q u e n c e s . And for civilian society,
t o o, the prospect of gaining con t rol ove r
the cycles of sleep and wakefulness has
g reat appeal; lost pro d u c t i v i ty caused by
sleep disorders costs an estimated eigh-
teen bill i on dollars eve ry ye a r. But will
b i o l o gy permit it? The widespread as-
s u m p t i on that sleep is necessary was sup-
p o rted by early studies of s l e e p - d e p ri ve d
ra t s :t h ey suffe red deteri o ra t i on not on ly
in behavior but in body metabolism and
i m mune defe n s e s . As repeated experi-
ments have ve ri fie d , when rodents are
p revented from sleeping they often die
o f s e p s i s , with some succumbing aft e r
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on ly five days , the hardiest lasting a full
m on t h . Yet such effects have not been
seen in human subjects. An d , s u rp ri s-
i n g ly, t h e re is ve ry little hard data show-
ing that pro l onged sleep depri v a t i on
t ru ly has deleterious effects on us. T h e
l o re that it can cause psychosis dates to
the Korean Wa r, when Chinese Com-
munists were said to tort u re pri s oners by
p reventing them from sleeping; h ow-
eve r, later re s e a rchers have con cl u d e d
that the psychosis resulted from the
kinds of s t i muli and stresses applied by
t o rt u rers under these gru e s ome con d i-
t i on s , rather than from the lack of s l e e p
per se.

A re c o rd for documented con t i n u o u s
wakefulness was set in 1964, when 
a high-school student named Ra n d y
G a rdner kept himself awake for almost
tw e lve full days . Though his rate of
thinking and re s p onse slow e d , he expe-
rienced no dramatic phys i o l o g i cal pro b-
l e m s . M o re systematic work on the ef-
fects o f p ro l onged wakefulness has
re c en t ly been conducted by David
D i n g e s , the re s e a rcher on sleep depri v a-
t i on at the Unive r s i ty of Pe n n s ylv a n i a .
He kept tw e n ty-eight people con t i n u-
o u s ly awake for four days, and found
that the major consequence was the ex-
pected decline in cognitive function i n g.

5 6 THE NEW YO R K E R, DECEMBER 3, 2001

TNY—12/03/01—PAGE 5 6— 1 3 3 S C .

TO THE GRASS OF AUTUMN

You could never believe
it would come to this
one still morn i n g
when before you noticed
the birds alre a d y
w e re all but gon e

even though year upon ye a r
the rehearsal of i t
must have surp ri s e d
your speechless pare n t s
and unknown antecedents
l ong ago gathered to dust
and though even the ch i l d re n
h a ve been taught how to say
the word w i t h ere t h

no you were known to be
cool and countless
the bright vision on all
the green hill s
rippling in unmeasured wave s
t h rough the days in flow e r

n ow you are as the fog
that sifts among yo u
g ray in the ch i ll dayb re a k
the voles scra t ch the dry eart h
a round your ro o t s
hoping to find som e t h i n g
b e f o re winter
and when the white air stirs
you whisper to yo u r s e lve s
without expectation
or the need to know

— W. S .M erw i n
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Other studies of ch ronic sleep depri v a-
t i on ,w h e re subjects are all owed to sleep
for four hours and are kept awake for
tw e n ty, found tempora ry changes in glu-
cose metabolism, with an increase in in-
sulin re s i s t a n c e, a con d i t i on seen in early
d i a b e t e s . Dinges says that some of h i s
s l e e p - d e p ri ved subjects also have about 
a tw e n ty - five-per-cent increase in the
number of c i rculating white blood cell s .
St i ll , the cl i n i cal significance of s u ch
changes is uncl e a r. Though many re-
s e a rch e r s ,i n cluding Dinges,b e l i eve that
sleep is necessary for the brain to re p l e n-
ish its energy store s , the hypothesis re-
mains unprove d . In the absence of s u ch
basic medical know l e d g e, sleep expert s
ca u t i on about the use of d rugs like
m o d a finil as a substitute for sleep. T h ey
w o r ry that high-ach i eving types may be
tempted to take them in order to stay
awake two or three days a week thro u g h-
out the ye a r.And they worry about abuse
a m ong students cramming for e x a m s.
In fact, the medical consequences of
s u ch regular on - o f f sleep behavior are

s i m p ly not know n , and pro b a b ly will not
be known for a long time.

“M o d a finil is the most tempting
d rug for our society to come along in
d e ca d e s , ” David Dinges says . “It prom-
ises to satisfy our relentless desire to
c on t rol time.” He traces a histori cal arc
that begins with the industrial rev o l u-
t i on , when tech n o l o gy increased de-
mands on workers and simu l t a n e o u s ly
p e rmitted them greater fre e d om in their
l e i s u re time. Pa ra d ox i ca lly, people have
b e c ome eager to maximize their peri -
ods of a c t i v i ty at will , p ro l onging the
w o rk d ay until one merges into the next.
Dinges sees ca f feine use as a mirror of
s o c i e ty’s cra v i n g, and its view of sleep as
a dispensable com m o d i ty. “For ye a r s ,
c o f fee was taken in small doses, but the
g rowth of St a rb u cks says it all , ” he says .
“A ve n t i” — tw e n ty ounces of c o f fe e—
“is loaded with the dru g. I t’s the bev-
e rage of choice in Am e ri ca . In mid-
dle sch o o l , i t’s Mountain Dew, w h i ch 
is also packed with ca f fe i n e . ” But re-
s e a rch by Dinges and others has show n

h ow limited ca f fe i n e’s effects are . Wh e n
his team studied people kept awake 
for eighty-eight hours, ca f feine turn e d
out to be effe c t i ve for on ly some tw e n ty
h o u r s . “M o d a finil looks m u ch b e t -
ter than ca f fe i n e, ” Dinges con cl u d e s .
“Wakefulness becomes effort l e s s . ” I t’s 
a prospect he finds both exciting and
d i s t u rb i n g.

“I just re t u rned from a meeting with
people at the Boeing Corp o ra t i on , ”
Dinges re c o u n t s .“T h ey are planning an
a i rplane that can circumnavigate the
g l o b e, needing to land on ly once eve ry
tw e n ty hours. H ow should the crew
s l e e p, i f at all? What are the rules that
a p p ly to sustain work on flights like that?”
In the light of our ra p i dly advancing
understanding of the neuro ch e m i s t ry
o f s l e e p, m o d a finil is “just the tip of t h e
i c e b e r g, ” as Dinges sees it. “Now is the
time to have an open and frank discus-
s i on on how far we will go as a culture,
what are our pri o ri t i e s ,h ow re g u l a rly do
we want to manipulate our brain ch e m-
i s t ry, ” he says . “What are the limits?” ♦

TNY—12/03/01—PAGE 5 7— 1 3 3 S C .

DANVILLE,
PLS CENTER RULE BETWEEN TEXT ABOVE

AND AD BELOW.
THANKS!!


