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BioTecH FirMs are tantalizingly close to unraveling
the mysteries of memory. On the way are drugs to help
tading minds remember and let haunted ones forget.

In a lab in northern New Jersey, for instance, re-
searchers probe the molecular intricacies of memory
in hopes of creating a kind of Viagra for the brain.
You know, the kind of chemical that reinvigorates an
organ that is past its prime.

Tiny metal electrodes zap minute jolts of electrie-
ity into slices of rat brain suspended in nutrient broth,
This simulates electrochemical changes that occur in
brain cells when a new memory is created. Meanwhile
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a robetic pump drips experimental
drugs anto the brain cells, while elec-
trades mepsure how cach drag alters
the cells' aetivitye Most drugs have Ji-
i {'ﬂ-{'l‘.‘.,hul & fow it -:.':1|.-ri:-;|'.||.:|:| jra-
fili; Theey help the neurons form
stromger, longer-lasting connections,

Memory Pharmaceaticals, the hio-
tech firm doing this work, is at the
forefront of an intcnse scieatific race
o devise truly effective memory-
erhancing drags, an idea that has long
been the stuff of science fetion. This
new generation of deugs could mend
memosy loss in the seriously il or the
mienely absent-minded.

"My friends keep asking when the
Lietle red pill 15 coming,” says Eric Kan-
del, 73, 2 Columbia University re-
searcher and an elder statesman of
the fizld. He cofourded Mermory Phar-
maceutcals i 1928 and shared the
Miobel Prize in Medicine in 20040, =If
we continue making the kind of
Progress we are now, we will have
drugs for age-related memory loss in
fiver o tenm vears,” he says,

Kandel's serious rival in this roce
is T:immzl}' 'l'|.1|.|}', 48, a2 New Yoark 1e-
sesireher at Cald Spring Harbor Lakb-
aratory and a founder of Helicon
Therapewtles, abioteeh rm in Farm-
ingdale, Other companies also are in
pursuit of what will be one of the nex:
huge global pharmaceuticnl marke:s,

lotal Recall

The Arst users of such a pil could
be the four million Americans with
Alrheimes s dieasa, Uitimately, how-
ever, memary drugs might help mil-
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lions of crhers who bave mild coni-
tive impairment, head trauvma. Down
syndrome or mental retardation, o
are recovering from severe strokes.
Some new medications may oven
block unwanted memories.

The big seore: teeating 50 million
middle-aged Americans who don't
have denreniia, but whe may welcone
a way to reverse the frustrating for-
getfulness that comes with age. Says
James MoeGaugh, a neuroselentise at
thi U!Li.\'ﬂﬂ-i:.l}' of Califernia, Irvime:
“Drrugr companics won't tell you this,
but they are really punning for the
marker of nonimpaired people—the
d4-year-old salesman teving to re-
member the names of his cestormers.”™

But a pill popped by millions of
healthy people looking for & mental
cdge could pose serious risks, A too-
potent l.‘|r|.1|5 :|n:||_.;l|.|: wrieak haveo on
eralions or fill the brain with useless
clutter. The pill would have go Be fres
of seriows side effects before it could
b used for such mild deficits. Repu-
lators aren't likely to clear a lifestyle
drug that has any dangerous risk as-
sociated with it

Simple Creatures

The big question, of course, is if
these drugs will do what is expected
of them, I Kandel and Tully suceerd,
they will forever alter medicine and
Loy woe viewy the world,

Ever singe 17th-century French
rhilosopher Bend Descartes divided
the world in10 two parts—"extended
™ (the physical world ) and “think.
ing things” (the ménd)—philosophers
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Making Memories

Memaories begin when ~ihe
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and scientists have debated whether
the human mind ig g0 ehasive as to be
unknowable, Says Tully: “Descartes
Wwag WrOng. Memory 15 a bialogical
process that can be manipulated like
anything clse. Mot only can you dis-
rupl i, you can improve it”

Should a bottle of memory pills ap-
peEar on your |'|'.H|‘I1 stand one d-\."l'r'. a
heeap of credit will go ta Tully and
Fandel, with an assist from tweo of
God's lowlicst ereatures! the fruit fy
and the sea slug

Eandel's role in this race grew out
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of an uuri}' childhoad -::«']xr'i-:n:t'. Born
in Vienna in 1929, he fled o the Undted
States just bebome World War 11 began,
The vivid memory of Nazi hormors, in
part, drove him to study the mind. A
pr-nmiﬁirq:_ young psychiatrst, e gam-
bled his career on a hunch that study-
ing sea slugs could yvield insights into
human memary, In the decades since,

kis lab has dominated the feld,
Tully's route was more straightior-
ward, A downsto=earth [rish Catholic
raised in Peoria, 11, he studied ge-
metics at the University of llinois at
131
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Urbana-Champaign. His small re-
search team has produced, in a dea-
matic series of experiments fruit flies
with photographic memory

At the heart of both men's research
g o startling principle: The basie me-
chanies of memary formation in hu-
mans probably resemble those of
snails, flics and other simple cpeatares.
Hrain cells geeny to be similar in all
animals; the difference is in the coms
plexity of the wiring that links them.
“Humans are ke lapuop computers;
Mg are like Phileo rdios,” savs Tully,

r T " N .
'he Fade Effect

Thiz wasn't obvious when Kandel
got stacted in the 19505, Scientists as-
sumid the mechanisms of human
memory were far different from those
of simple animals, Fanning wo becoms
a peychoanalyst, Kandel deroured into
research alter |.1|:|.:-:_|-|1ti|1|q Fascimated
with neurabiology as 2 way of study-
ing human behavior.

Abowt this time, sclensists mot their
first serfous elue to how and where
memories are formed, A 2Fyear-old
patient, known only as H.b., had se-
viere epilepsy In an attempt o cure
hiz discase, surgenns removed his hip-
pocampud, @ small ridee in the center
of the brain, The patient’s seizurcs
mostly went oway and his reasoning
capacity remained intact—buat he
could no longer recall new facts for
Inng-l:r than a few secaonds, I:,'.Ir;l-dlg,_
though, H.AM. had no trouble remem-
bering his childhood. That hinted the
higpocampus was cracial for con-
verting immediate perceptions into
13z

memories, yet wasn't the storage site.

Eandel focused on the cellular
workings behind memory. He chose
et seea slug, Aplysie, because it would
be casy to study: It has 20,000 nerve
cells a0 big that many can be seen
without a microscope, (Humans have
over 100 billion merve cells)

Inaseries of landmark studies, Kan-
el showeed how simple memaries ane
formied by gauging one of the slug's
basic reflexes: how it pulls back is gill
when threatened, He learned chat by
manipulating chemicals in the slug's
nerve cells (and, by implication, hu-
man brain cells), he couwld strengthen
the slug's memory.

Ty cormmunicate with one another,
brain cells release chemicals across a
gap between them called a synapse.
A shore-term memory s created by
the temporary strepgthening of synap-
tie connections, The effect fades away
minutes of howes later. Long-term
mremosies are cemented in place for
wieks or years with new proteins that
reinforce the synapses connecting the
cells, Imagine a phone number you'll
meed po uge just onee; you look it up
ard |‘:1|.|:|¢|1 it i, aned within a few mine
ulis, you forget it. But a number you'll
want b use over and over, vou'll repeat
to vourself frequently so it Stays in
your rmemany Even IunE-tr.-rm M-
arics, however, erade with time,

Smart lies

The advances in molacular biology
10 Ehe 10705 allowed Bandel and ather
riesgarchers o explere memory on a
molecular level. This was crucial.



Once these molecular workings are
uncdierstood, then drug targets become
eagier vo find,

Kandel showed that a messenger—
amaolecule called cyclic AMr—played
a central role in memory formation,
It sits inside the cell and, when sig-
naled by a newron, springs into action,
activating proteing that temporarily
boost the connection between twio
nerve cells, (Think of a runner in a
relay race being handed the baion. )
But cyclic AMI*is just a messenger; it
doesn't churn o the new proteins
that are necded to build long-term
e MOries.

Im 1990 Kandel found that an in-
triguing molecule, called CRER, was
critical for learning and memaory, His
team was able 1o show that blocking
CRER in sea slug nerve cells also
blocked the process that creates new
long-term memory without affecting
short-term memary.

The most dramatic proof in under-
standing how CREE influences meme-
ory came from Tim Tully and his
colleague Jerry Yine Tully’s fruit Aies
had advantages over sea slugs: a wider
range of behavior, easy genctic engi-
neering and an ability to be bred by
the millions in test tubes. In 1994 Tully

THE RACE TO PRESERYE YOUR MEWORY

and Yin created frum fies with pho-
tographic memories by engineering
them with the CREB protein switched
into the “on® position.

Mormal flics took ten training ses-
slons o learn not Lo enter a scented
chamber where they would get an
electric shock. But Tully’s superflies
learned after just one session. Since
them, other researchers have proved
CREBR plays a <lmilar role in mice.

A Done Deal:

These snail and fly experiments
showed that CREB helps produce new
proteins that etch permanent con-
nections between nerve cells, It is in
these links that long-term memories
are stored. The Tully and Kandel
teams also found a second factor:
CRER repressor. Yin and Tully engi-
meered Hies with excess CRER repras-
sor, and they failed to form memaories
even after many ries,

Cyclic AMI' and CREB are targets
for d;u:{ d:-n.-l:_:-p:m;n[. In the mean=-
time, Tully and Kandel are also look-
ing for other genes and proteins that
affect memaory.

Success, savs Tully, is only 2 mat-
ter of time. “It's not an if,” he saye. “[t's
a when”
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