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IRCEA STERIADE (1924–2006)

bstract—Dr. Mircea Steriade passed away at age 82. In this obituary I briefly describe some of the most important achievements

f his remarkable life and I express deepest sympathies to his family members, collaborators and trainees.
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t is with deepest sadness that we learned that one of the
rightest Canadian neuroscientists, Dr. Mircea Steriade,
ied at the Montreal General Hospital on April 14, 2006.

Mircea Steriade was born August 20, 1924, in Bucha-
est, Romania. He graduated as M.D. from the Medical
chool of Bucharest (1945–1952) and he obtained his
iploma of Doctor in Medical Sciences (D.Sc., Ph.D.) from

he Institute of Neurology (1952–1955). The doctoral thesis
as on cerebello-cortical relationships in dogs and cats.
s Dr. Steriade mentioned on multiple occasions, his
enerable teacher was Frédéric Bremer who received Dr.
teriade as a postdoctoral fellow in his laboratory in Brux-
lles (1957–1958). Returning to Romania, Dr. Steriade
ccepted a position as the head of the Neurophysiology
aboratory at the Institute of Neurology of Bucharest
1958–1968). From December 1, 1968, to his last day, Dr.
teriade was professor at the Department of Physiology,

ater renamed to the Department of Anatomy and Physiol-
gy, of Université Laval, Québec, Canada. In 1969 he was
romoted as full professor.

Dr. Mircea Steriade was the founder of modern stud-
es on the cellular basis of electroencephalography. He
ioneered research that identified the network opera-

ions and neuronal properties in thalamocortical system,
hich are implicated in the generation of normal brain

hythms during different states of vigilance and different
ypes of electrical seizures. Possibly the first important
tudy in that direction was on the state dependent
hanges of cortical and thalamic responses to central
lectrical stimuli in which he showed the sleep depen-
ent reduction of field potential responses (Steriade,
970). This topic was largely developed in later studies

ncluding responses of intracellular recorded neurons
uring different states of vigilance (Steriade et al., 2001)
nd a series of monographs (Steriade, 2001; Steriade et
l., 1990). A favorite structure for studies performed in
he laboratory directed by Dr. Steriade was the thala-
us. In parallel with works in Llinas’ laboratory (Jahnsen
nd Llinás, 1984; Llinás and Jahnsen, 1982) Dr. Ste-
iade and colleagues have described low-threshold
pikes generated by thalamocortical neurons (De-
chénes et al., 1982, 1984; Steriade and Deschénes,
984). Until his final day (Llinas and Steriade, 2006) he
efended the point of view that the thalamocortical neu-
ons in the normal brain generate low-threshold spikes
z
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rimarily, if not exclusively, during sleep because they
re hyperpolarized and that wake-related bursting could
ccur only in pathological conditions. The most impor-

ant achievement of Steriade’s laboratory during this
eriod of time was the disclosure of the pacemaker role
layed by the thalamic reticular GABAergic nucleus in

he generation of sleep spindles (Steriade et al., 1985,
987). Later related studies showed the leading role of

ntrathalamic network in the generation of augmenting
esponses (Steriade et al., 1998). In fruitful collabora-
ions with R. Llinas, E, Jones and D. McCormick Dr.
teriade summarized existing knowledge of morphology
nd physiology of the thalamus in excellent monographs
Steriade et al., 1990, 1997).

In 1993, Steriade with his trainees published three
ilestone papers in the Journal of Neuroscience de-

cribing the main features of cortically generated slow
scillation that occurs during slow-wave sleep and some

orms of anesthesia and which is reflected in thalamo-
ortical and reticular thalamic neurons (Steriade et al.,
993a,c,d). The slow oscillation was described as an
lteration of periods of intense synaptic activity and
eriods of disfacilitation. These papers sparked a whole
ranch of studies of so-called ‘up’ and ‘down’ states
escribed now in other brain structures as well as in
lice preparations and in computational models. Dr. Ste-
iade never accepted the terminology of ‘up’ and ‘down’
tates but rather active and silent states, because when
ortical neurons go from active to silent states, they
xcite reticular thalamic neurons, which inhibit thalamo-
ortical neurons. Thus, active inhibition dominates
halamocortical neurons during active network state,
nd this state cannot be called ‘up’ state. This is one of

he examples of Steriade’s commitment to understand
ow the network behaves. Some of these thoughts have
een clarified in a review article published in Science
Steriade et al., 1993b). The most comprehensive de-
cription of differences found between the behavior of

ndividual neurons and neurons involved in network
unctions was analyzed in his excellent monograph en-
itled ‘The intact and sliced brain’ (Steriade, 2001).

Dr. Steriade exhibited a particular interest in under-
tanding cortically generated seizures. Since his first pub-

ication on this topic (Steriade, 1974) he maintained the
laim that spike-wave seizures originate in local neuronal
ools of the cerebral cortex and only later spread to other
ools before eventually reaching the thalamus. These sei-

ures with spike-wave complexes occurred during states
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f drowsiness and light sleep. The concept of relations
etween states of vigilance and paroxysmal activities was
ell developed in the recent monographs and review arti-
les (Steriade, 2003a; Timofeev and Steriade, 2004). The
orks from Steriade’s group have demonstrated that the
low sleep oscillation progressively develops, without dis-
ontinuity, into spike-wave seizures or the pattern of the
ennox-Gastault syndrome that is more severe epileptic
isease than absence epilepsy.

The topic that attracted particular attention of Dr.
teriade during last years was the investigation of plas-

icity in thalamocortical system. The major question was
ow do the sleep rhythms affect the short-term plastic-

ty? In our recent review we postulated that sleep
hythms are not epiphenomena with little functional sig-
ificance, but serve to modulate synaptic plasticity,
hich is implicated in the process of memory formation

Steriade and Timofeev, 2003). Multiple studies from
teriade’s research group in this field described mech-
nisms of augmenting responses in the thalamocortical
ystem in vivo and sleep rhythm modulation of synaptic
lasticity. As always, these studies brought up the com-
lexity of the phenomena. Most of the studies on plas-
icity focus on synapses. However, in the intact network
he first conditioning stimulus affects the presynaptic
eurons changing their levels of the membrane poten-
ial, affecting firing probability; activating, inactivating or
e-inactivating some intrinsic currents that would further

ither dampen, or more often, facilitates their firing and S
eads to non-synaptic modification of synaptic re-
ponses.

Throughout his life, Dr. Steriade established multiple
ruitful collaborations. As I mentioned earlier, he pub-
ished a set of excellent review articles and books in
ollaboration with Dr. R. Llinas, Dr. E. Jones and Dr. D.
cCormick on the physiology and morphology of the

halamus (Llinas and Steriade, 2006; Steriade et al.,
990; Steriade and Llinas, 1988). The mechanisms of
ormal and pathological thalamocortical oscillations and
lasticity were investigated in detail in computational
odeling studies in collaboration with Dr. T. Sejnowski
nd Dr. M. Bazhenov (Bazhenov et al., 2002; Frohlich et
l., 2006; Steriade et al., 1993b; Timofeev et al., 2000).
he states of vigilance were extensively analyzed in two
ditions of book: Brainstem Control of Wakefulness and
leep published in collaboration with R. W. McCarley

Steriade and McCarley, 1990, 2005). He maintained
ultiple other collaborations related to the field of sleep–
ake cycle, epilepsy and neuronal plasticity. He contin-
ed to collaborate with his old trainees, who obtained

ndependent positions. In the last few years he pub-
ished a large number of papers and review articles in
ollaboration with F. Amzica and me, both of us former
ostdoctoral fellows of his who obtained independent
esearch positions in the same department as he did.
he last book entitled: Gating in Neuronal Networks that
ill appear in 2007 was written with D. Pare, a former

teriade Ph.D. student.



b
a
H
w
h
a

E
w
c
m
1
h
A
a
a
u
d
a
w
i
s
p

o
M
h
t
e
o
S
F
s
U
a

h
a
d
M
s
(
o
S
A
t
c
M
(

o
r

r
W
a
l
s

I

D
R
Q

B

D

D

F

J

L

L

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

I. Timofeev / Neuroscience 142 (2006) 917–920 919
Professor Steriade was a member of the editorial
oard of IBRO’s journal Neuroscience. He also wrote an
rticle on ‘Brain Rhythmic Activities’ in 2004 for IBRO’s
istory of Neuroscience pages on the IBRO web site. He
as an active member of the Society for Neuroscience and
e was very proud of founding a new journal, Thalamus
nd Related Systems.

I have known Dr. Steriade personally since May 1994.
very day he came to his office at 6:00 a.m. All morning he
as usually writing papers, books, review chapters, dis-
ussing with trainees the results of their recent experi-
ents and planning further research activities. From
1:00–11:45 he was in swimming pool. He used to say that
e swims not because he likes to swim, but to survive.
fter lunch, he was usually reviewing bunches of articles,
ssisting experiments or continuing to write papers, books,
nd reviews. Some time between 3 p.m. and 4 p.m. he
sually received a call form his younger daughter, Claude,
escribing her day in school. She was (and I wish she
lways will be) the best student of her class and Mircea
as very pleased with her success both in high school and

n piano classes. He was also very proud of the remarkable
uccess of his older daughter Donca, who is a well-known
rofessor of phonology at MIT.

Over the course of his life, Dr. Steriade has published
ver 400 original articles, review chapters and 12 books.
any of these studies became classic and are cited over
undreds and thousands of times. He transmitted his de-

ermination to gain scientific knowledge to a crew of tal-
nted scientists, his Ph.D. and postdoctoral trainees, most
f which hold academic positions in Canada, the United
tates and Europe. Three of his pupils (Martin Deschênes,
lorin Amzica and I [Igor Timofeev]) are presently profes-
ors at the Department of Anatomy and Physiology of
niversité Laval, Québec, Canada, the same department
t which he worked for the last 38 years.

The remarkable scientific achievements of Dr. Steriade
ave been honored by multiple national and international
wards including: Honor Member of Société de Neurologie
e Paris (1957), Claude Bernard de l’Université de Paris
edal (1965), Distinguished Scientist Award, Sleep Re-

earch Society (1989), Marie-Victorin Prize du Québec
1991), Member of the Academy of Science, Royal Society
f Canada (1994), Pierre Gloor Award of the American
ociety for Clinical Neurophysiology for Outstanding
chievements in Research (1998), Presidential Lecture at

he Society for Neuroscience Meeting (1999), Editor-in-
hief, Thalamus and Related Systems (2001), Honor
ember of the Romanian Academy of Medical Sciences

2003).
These and other interesting details of the scientific life

f this remarkable person could be found in his autobiog-
aphy (Steriade, 2003b).

The remarkable personality of Dr. Steriade will forever
emain in the memory of family, colleagues and trainees.

e offer to his wife Jacqueline Verreault, daughters Donca
nd Claude, and other members of family, to his col-

eagues, former and current trainees our most sincere

ympathies.
. TIMOFEEV*

epartment of Anatomy and Physiology, Université Laval, Centre de
echerche Université Laval Robert-Giffard, 2601 de la Canardiere,
uébec, G1J 2G3, Canada
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