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~17The sucrachiasmatic nuclei were also identified in the ruran brain. A number of

other significant advances included:developing a model of the circadian
sleen-wake cycle, 4ﬁybharacterizing how phase shifts of the light-dark cycle
reset the timing of the sleep-wake cycle, and ¥# identifying oharmacological
agents which can phase-reset the circadian system, \67
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TI. RESEARCH OBJECTIVES

The symptoms of " jet-lag" are suffered by Air Force personnel as well
as the millions of civilians who travel acros3 time zones. Jet-lag is
characterized by deteriorations in performance, malaise, inability to
concentrate, and other physioleogical and psychological symptoms, A similar
syndrome is suffered by ground crews who work on shift work 3chedules as well
as combat forces who must function "around the clock."” Until recently little
has been known about the mechanisms of jet-lag and there have besn no very
effective methods of prevention.

This research program aimad to define the anatomical and physiological
nature of the circadian pacemakers which timed the approximately 24-hour
3leep-waka cycle and to develop safe and practical methods that would be useful
in minimizing jet-lag in man. Certain pharmaceutical compounds have been
shown in lower organisms to be effective in resetting biological clocks. These
offer the exciting possibility of resynchronizing "body time" to any time zone
shift, and hence alleviating the problem3 of jet-lag. The research program is
examining the efficacy of these compounds using a diurnal primate, the squirrel
monkey, which has a circadian (approximately 24 hour) 3leep-wake cycle that is
very similar to that in man.

Specific Aims

1. Developrent of a diurnal primste modal with 3 relatively censolidated

circadian sleen-waka cycle

2. Determination of the three-dimensional architecturs of the primate
suprachiasmatic nucleus (SCN) (cne of the key circadian pacemakars

3. Tdentification of the SCN in the human brain

Y. Tnvastigate two-pacemakaer organization of the primate circadian
timing system

(93]

Examine the coupling betwean the body tamparature rhythm and
~agh-nctivity cycla

[AY
.

alyze the machanisns 2f phase-ragetting hy light

7. DNefarmine the characteristics of the razatting of the 3lsep-wike
cycle after light-dark cycls phase 3hifts

8. Tnvestigate the effactiveness of potential pharmacoiecgica’
chase-resetting agents

: v deatal
v ealiy e Pl
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II. RESEARCH ACCOMPLISHMENTS

A number of major advances were made in the understanding of the structure
and function of the circadian pacemakers in human and non-human primates during
the cour3e of this research program supported by the AFOSR. These are
sunmarized below.

4) Development of a diurnal primate model with a
consolidated sleep-wake cycle

Virtually all of the work on neural control of the mammalian circadian
timing system, with the exception of that from ocur laboratory, has been
conducted in nocturnal rodents. Similarly, much of the work on the regulation
of 3leep in mammals has been conducted in either nocturnal rodents or in cats,
species which do not have the consolidated sleep-wake cycle seen in man. There
are major problem3 in investigating phase-resetting agents in such specias
because they have both fundamentally different temporal relationships to the
environmental light-dark cycle (i.e., nocturnal vs. diurnal), and have
relatively weak circadian organization of sleep so the animal's behavior
consists of naps throughout day and night rather than uninterrupted sleep
during the night and uninterrupted wakefulness during the day as i3 seen in
humans. ) C

A major accomplishment of this laboratory has been to develop an animal
model with a sleep-wake cycle (as well as other rhythms) that 1is much more
3imilar to that of humans than species s0 far studiad, We have demonstrated
that the diurnal squirrel monkey (Saimiri sciureus) shows a sleep-wake
cycle that has consolidated sleep during the night and protracted wakafulness
during the day. By using a chronically-implanted headpiece, a swivel
commut ator system and electrophy3iological recording equipment, we have
developed a capability to continuously monitor the sleep-wake cycle, hody
temperature rhythm, and other circadian functions for months at a time under
contrallad envirormental conditions in isolatiosn chambers. We demenstrated a
nighly consolidated sleep-waka cycle under light-dark conditisans and,
furthemora, a gradual ~asmchronizakion of the 3lz2ep-wakes cycle after 3 phase
advance of 6 hours in the timing of the light-dark cycle. The fras-rumning
circadian rhythm of 3le2p and waka2fulness in the squi-~re’ monkay i3 fand
be approximately 25 nours--a valu= thah 13 veey 3imitar Lo that o€ hur
subjaxts.

B) Determination of the complex three-dinensional
architecture of the p~iuwate 3CN

Because little information was availabla on the anatomy of the
suprachiasmatic nuclei in primates, one of the first efforts undertaken was to
define the structure of this oacemak2r. 3 Laree-dimansiinig’ comducar
reconstruction of the SCN was undertakan digitalizing tracings of successive
nistological sections of the nypothalamus and then analyzing them using
wranced computer graphics.

The st~i%king f2ature of tha primate SCN i1 3-D was (L3 comolax
12793133y, The antaris~ pol2s 2F 2ach nuc’ 203 have g hroyl madia) By 1atary”

.

o3 anging up £y DA mr. The postanins oalaz ~f Hha i aloanpans Sy ho

Cuk A N - PRI . . B -y A .- v Sl 12 “ e = - [P -
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oriented. The po3terior poles also appear to extend dorsally rather than
laterally. .

An important result of these 3tudies was the demonstration of the
anatomical relations of the optic recess (the anterior tip of the third
ventricle) to the SCN. This information has subsequently enabled the
develomment of techniques to apply pharmacological agents to the vicinity of
this pacemaker.

C) Tdentification of the SCN in the human brain

The use of studies of the squirrel monkey as a model of the human
circadian system depends on there being a close homology between the species.
However, the very existence of the SCN in man has been seriously questioned in
a number of authoritative works on the hypothalamus.

We, therefore, set out to examine the neurocanatomy of the human
hypothalamus to 3ee if an SCN could be identified. Using the Yakovlav Library
collection of human and primate brains at the Armed Forces Institute of
Pathology in Washington, D.C., comparisons of the brains of New World and Old
World primates and human fetal, child, and adult brains were made. These
revealad a cluster of neurons in the human brain that seemed to be homologous
to the non-human primate SCN. Phylogenetic changes in the dimensions of the
third ventricle, however, mean that the apparently homologous cluster of
neurons i3 more laterally placed in human brains than in non-human primates.
Furthermcre, the neurcnal clustaer is more diffusely organizaed in humans than
in lower species, particularly rodents and New World primates.

A comprehensive 3tudy of the literature revealad that damage to this ar=a
wa3 associated with a disruption of the human sleep-wakes cycle. Tumors which
damage the anterior tip of the third ventricle and optic chiasm (the location
of the SCN) can cause 3leep disorders, 30 that patients repeatedly fall aslaep
at any howr of the day (like SCN-la2sioned animals). Thus, the human 3TN wou'
appear to serve a similar function to that of primates.

D) Dencnstration of two-pacemaker organization
of the primate circadian timing system

A number of simultaneous exparimental approaches including rs2an1 515 2f
data f~om human s3bjts, mathematical modeling of the circadian 3ystam, i
neurophysiological exp2riments in squirrel monk=2y3 121 us £1 the conclusine
that the circadian timing system in primates is best charactarizet as tw
major pacemaking systems which preside over a large population of seconiary
oscillators. This argument was developad in full in 1982 in a hock which Dr.
Moore-Eda {(with Dr. Sulzman and Dr. Fullar) co-autho-~ed entitlad, Tha Clecks
That Time Us: Physiolegy of the Ciccadian Timing Sysham, Which  wis -
Tished by Harvard University Pres3, and 13 al30 summarized in 3 recent
Federation Proceedings reviaw {Mocre-Ede, 1333). Firstly, the data frem
human 3ubjects indicate that the ci-cadian ~hythms in humar aahischs in
anvisonmarts without tima cues £all inty twe clazs~s vwhich can, 2 accasior,
intarnally desynchrenize and free-run with 32pa~ata parints. P4 57 2390
pripensity, nlasma cortisol concantratian and u-~ina~y notassiar aqaratise
Tainkin a continuing terpr~3a’ ~2alatiynship with tha oova Hhafy Sarnacat-s

LY §
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rhythm during internal desynchronization. In comparison, the rhythms of skin
temperature, plasma growth hormone concentration and urinary calcium excretion
tend to follow the rest-activity cycle and the circadian timing of slow wave
3leep. We have labeled the pacemaker driving the core body temperature and
its group of correlated variables as X, and the pacemaker driving the second
group which includes the rest-activity cycle as Y. Normally these two
pacemakers are mutually coupled 50 they maintain synchrony with each other and
with environmental time cues. The identity of X and Y pacemakers are indicated
by 3tudies involving lesions of the suprachiasmatic nuclei; after 3such lesions
5 the body temperature (Fuller et al., 1981) and the plasma cortisol rhythm
' (Reppert et al., 1982) persist while there is extensive disruption of the

rest-activity, feeding and drinking rhythms. This leads to the conclusion
that the SCN may be the Y pacemaker driving certain behavioral rhythms,
wherea3 the X pacemaker i3 located out3ide the SCN in a separate anatomical
location. In.addition to these two pacemakers, there appear to be multiple
other 3econdary o3cillators in the organism because, even after total
destruction of the SCN, it takes some time for the organization of the
activity rhythm to become arrhythmic. Complex ultradian patterns develop
which eventually dissipate, suggesting that the secondary oscillators can
generate some damped rhythmicity.

Ll

: E) Desynchronization between the body temperature rhythm
i and the rest-activity cycle - '

4 An important advance wa3 made by the demonstration that the body
temperature and rest-activity rhythms of squirrel monkeys can be forced %0
simultanecusly exhihit different periods, and to paszs thromh a full 360° of
relative phase. Five adult male squirrel monkey3 have now hean 2xpcsad to 3
cycle of 14 hour3 of darkness (LD 14:14) for a minimum of 21 days. (Three
animals have exparienced the protocol twice.) Tn this regire, the
rest-activity rhythm entrained to the 28-hour zeitgeber period in 7-8 cases;
however, the temperature rhythm failed to entrain in 5 of the 5 cases for
which data were complete. The temperature rhythm in these 5 cases axhibited a
pariad around 26 hours so that approximately avery 13 days the twe rhythms
passad through every possible phase relationship with respect t3 each sther.

This was the first demonstration of desynchronizatioan from othe~ than
human subjects. TL suggests that the circadian timning systar in inkac*
squi-~ral monkz2y3 containg a minimum of two pacamalars which 1= capahis of 3
l2a3t partially indepenient function. Further aradys23 ¢ the Aata f~on
desjmchraonized animals should enable aztimation of paramater valyss for 3
mathematical model of the squir~rel monkey 3ystem, as 2 basis for compariser
with the two-oscillator meodel for the human circadisn tinirg syst-m [{ronsuar
et al., 1982) on which this laboratory continues to collaborate.

e

R( DS

F) Mechanisms of phase-resetting by light

The environmental light-dark cycle acts as a major circadian synchronizer
in all mammalian.species, including non-human p-imates and man, However, the
machanisma af antraimment, whi2e wall charactarized in nocturnal rodents, had
not Dean determined in primates. 4 aumber of important quastiazns, tharafo-a,
nave arizen a3 t9 whether the mechanisms 2f 2antrainmant {azc~ibad Tr such
nocturnal animals ware apgplicabla for diurnal 3sp2cieas such as v2sh non-hinan S
o~ imataes and man.,

DD R TR {
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To study the mechanisms of entrainment, a phase-response curve was
generated for the squirrel monkey utilizing three-hour pulses of light (/00
lux) presented to 6 individually housed animals, free-running in constant
darlness. Phase delays occur in early 3ubjective night and phase advances in
late subjective night with minimal phase-resetting in the middle of subjective
day. This pattern is similar to that of nocturnal rodents. The relative
weighting of phase advances and phase delays during the subjective day
suggests that the normal light-dark cycle falls both on phase advance and
phase delay portions of the curve, but the net result is an advance. This is
as would be predicted from this 3pecies which has a mean free-running period of
approximately 25 hours and must be reset on average by a daily phase advance of
Qne hour, :

| G) Resetting of the sleep-wake cycle in the
h squirrel monkey after environmental phase shifts

To validate the squirrel monkey a3 a model for the regulation of the human
: 3leep-wake cycle, monkeys were subjected to 8-hour light-dark cycle phase
] shifts in both the advance and delay directions in a cross-over design. The
phase advance was enacted by shortening of the photoperiod, and the delay by
extension of the photoperiod. Temperature, locomotor activity and sleep-wakz
states were recorded continuously 24 hours a day for two baseline days and
then for two weeks after the phase shifts.,

The data revealed a large and consistent asymmetry in resynchronization
times, with adjustment to phase advances requiring more than twice as long (7-8
days) as phase delays {(2-3 days) to complete.. This i3 comparable to the
asymmetry seen in man. During the transient cycles, sleep state structure and
temporal placement were disturbed. 1In additian to being a powerful
symchronizer of the system, light, particularly at onset, appeared to have
pronounced evaoked or direct effa2cts on sSleep/wakz behavior and bedy
temperature,

Analyses of phase-tracking cosinor methods, local mean-lavel ¢roiasings and
3leep stage accumulation times indicate the comparability of the -~egulation of
the 3leep-waka cycle in the squirrel monkay and in man.

HY Prelinminary 3tudies on phase-resetting agents

During the lash year of the funding pa2riod we devaiopad “achninas o
administer pharmacologic agents to squi~rel monkeys Lo avaluata thai-
phase-resetting actisns. As a result of thesa studies we found that singla
pulses 2f an antibiotic, aniszomycin, in non-toxic dosagas are a razetber of :
circadian rhythms in the squirrel monkay. Further studies will be needad %o ST
determine the efficacy of this compound.

Initial 3studies were also commenced looking at the afficacy of
GABA-mimetic agents, including sodium valproate. Thes? wzre found £2 hava
marked effect3 on changing the period of the ci~cadian system. Thess agents i
have interesting implications hecausns of the espacially high leavals of 3A34 in 1
the SCN. Future studies will pursue thesa findings with the aim 2f zevelaping
clinically f2asihle technigues ty facilitate ataphatiazn after travel acriss
tima zanes. -
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CUMULATIVE CHRONOLOGICAL LIST OF WRITTEN PUBLICATIONS IN

TECHNICAL JOURNALS

The five-year funding period (1978-1983) resulted in two books and
over 50 scientific articles and published abstracts.

Moore-Ede, M.C.; Sulzman, F.M.; Fuller, C.A. The Clocks That Time Us:

Physiology of the Circadian T1m1ng System. Cambridge, MA: Harvard

1.

1.

University Press, 1982.

Moore-Ede, M.C.; Czeisler, C.A., Eds. Mathematical Models of the
Circadian Sleep- wake Cycle. New York: Raven Press, 1984.

Sulzman, F.M.; Fuller, C.A.; Moore-Ede, M.C.
synchron{zation of primate circadian rhythms
Am. J. Physiol. 234: R130-R135; 1978.

Comparison of
by light and food.

Fuller, C,A.; Sulzman, F.M.; Moore-Ede, M.C. Thermoregulation is
Inpalred in an environment without _T_éaaian time cues, Science
199: 794-796; 1978,

Fuller, C.A.; Sulzman, F,M.; Moore-Ede, M.C. Circadian cortrol
of thermoregulati{on in the squlirrel monkey (Saimiri sciureus).
Am. J. Physiol. 236: R153-R161; 1979.

Sulzman, F.M.; Fuller, C. A.. Hiles, L.G.; Moore-Ede, M.C.
Circadian rhythm dissociation in an environment with conflicting
temporal information. Am. J. Physiol. 235: R175-R180; 1978,

Krorauer, R.E.; Moore-Ede, M.C.; Menser, M.S. Ultradian cortisol

rhythms in “monkeys: synchronized or not synchronized?, Sciernce
202: 1001-1002; 1978.

Sulzman, F.M.; Fuller, C.A.; Moore-Ede, M.C., Toric effects of
Tight on the circadian system of the squirrel monkey. J. Com;.
Physiol, 129: 43-50;, 1979.

Fuller, C.A.; Sulzman, F.M.; Moore-Ede, M.C, Effective
thermaoregulation in primates depecads upon Internal circadian
syrchronization. Comp, Biochem. Physiol., (A) 63: 207-212; 1979.

Moore-Ede, M.C.; Sulzman, F.M. Internal Temporal Order. Aschoff,

Jo ed, nandboox of Benavioral Neurobiology, Biological Rnythnms; i.

New York: Plenum Publishing Corporation; 1981:'pp.215-2u1.

Sulz-ym, B8 o S0 lar, 00 MagrolBda M T TS0 0 e g
’nd fon1c Tight inputs on the c1vrad1an or,an1*:ti‘n ): tne
souircel worbay, Photochem. Photebinl. 34: 213-73g; 1297
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12. Moore-Ede, M.C.; Sulzman, F.M.; Fuller, C.,A, Circadian
organizatlon in the squlrrel “monkey: the internal coupling between
oscillators, Suda, M.; Hayaishi, O.; Nakagawa, H. eds, Biological
Rhythms and Their Central Mechanism. New York: Elsevier; 1979: pp.
405-419, (& 435-438)

13. Lydic, R.; Moore-Ede, M.C, Three dimensional structure of the
suprachTasratic nGclei iR the diurnal squirrel morkey (Saimiri
sciureus). Neurosci. Lett. 17: 295-299; 1980,

{ 14. Fuller, C.A.; Sulzman, F,M.; Moore-Ede, M.C. Shift-work and the
t Jet-1ag syndrome: conflicts between environmental and body time.
Johr.son, L.C.; Tepas, D,I,; Colquhoun, W.P,; Coliligan, M.J, eds,
The Twenty-four Hour Workday. Proceedings of a Symposium on
Variations in Work-Sleep Schedules, Washington, D.C,: National
Institute of Occupational Safety and Health Publication No. 81-
127; 1981: pp.305-320,

15. Lydic, R.; Schoene, W.C.; Czeisler, C.A.; Moore-tEde, M.C.
Suprachiasnat1c region of the human hypothalamus: T homolog to the
primate circadian pacemaker?, .Sleep 2: 355-361; 1530,

16. Czeisler, C,A.; Richardson, G.S.; Zinmerman, JoCej Moore-Ede, M.
C.; Weitzman E.D. Entrainment of human circadian rhvthms by
Tight-dark cycTes a reassessment. Photochem, Photobiol, 34:

235-247; 1981, - ’

. ¢

F 17. Moore-Ede, M.C, Light: an information source for circadian T
clo=ks, Photochem. Photobiol, 34: 237-238; 1981.
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20, VYronauor, R.E.; Czeisler, C.A.; Pilate, S.F.; Mecre-Ede, M.C |
Heitzuin, £.0. Matnenatical model of the human circidizn systen o
With two interactin ng oscillators. Am. J. Physiol. 11: 23- °17 1022,
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Lydic, R.; Albers, H.E.; Tepper, B.; Moore-Ede, M.C. Three-
dimensional structure of the mammalian suprachiasmatic nuclei: a
comparative study of five species. J. Comp. Neurol. 204: 225-237; 1982.

Moore-Ede, M.C. Hypothermia: a timing disorder of circadian thermo-
regulatory rhythms? Pozos, R.S., Ed. The Nature and Treatment of
Hypothermia. Minneapolis: University of Minnesota Press; 69-80; 1983.

Albers, H.E.; Lydic, R.; Moore-Ede, M.C. Entrainment and masking
of circadian drinking rhythms in primates: influence of light
intensity. Physiol, Behav. 28: 205-211; 1982,

Sulzman, F.M.; Fuller, C.A.; Moore-Ede, M.C. Circadian
entrainment of the squirrel monkey by extreme photoperiods:
interactions between the phasic and tonic effects of light,
Physiol. Behav, : ; 1982, (Submitted)

Albers, H.E.; Lydic, R.; Garnder, P.H.; Moore-Ede, M,C, Gradual

decay of clrcadian drinking organization following lesions of the

:;g;achiasmatic nuclei in primates, Neurosci, Lett, 27: 119-124;

Moore-Ede, M.C. The circadian timing system in mammals: two
pacemakers preside over many secondary oscillators. Fed. Proc. 42(11):
2802-2808; 1983.

Weitzman, E.D.; Czeisler, C.A.; Zimmerman, J.C.; Moore-Ede, M.C.;
Ronda, J.M. Biological rhythms in man: Internal physiological
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application to delayed sleep phase syndrome. Chase, M.H., Ed. Sizep
Discrders: Intersections of Basic and Ciinicail Research. New York:
Spectrum Publications, Inc., 1983.

Czeisler, C.A.; Moore-fde, M.C.; Coleman, R.M. Rofating shifg work
schedules that disrupt sleep are ivmproved by applying circadian
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Fulier, C.AL., Lvdic, Ry Sulzran, ToM0y Albers, H E L Tomrory
Moore-tde, M.C. Ruditory entrainment of primate drinking rhythe
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31(4): 573-576; 1933,

Schwartz, W.J.; Reppert, S.M.; Eagan, S.M.; Moore-Ede, M.C. In vivo
metabolic activity of the suprachiasmatic nuclei: a comparative
study, Brain fag, 274: 121.137; 1923,

Moore-Ztde, M.C.; Czeisler, C.A.; Richardson, 5.5, Circadian tire-
keeping in health and disease. Part 1: Pasic properties of circadian
pacera<ers, NEJM 30272): 169-178; 19333
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34. Albers, H.E.; Lydic, R.; Gander, P.H.; Moore-Ede, M.C. Role of the
suprachiasmatic nuclei in the circadian timing system of the squirrel
monkey. I: The generation of rhythmicity. Brain Res., In Press, 1984.

35. Albers, H.E.; Lydic, R.; Moore-Ede, M.C. Role of the suprachiasmatic
nuclej in the circadian timing system of the squirrel monkey.
II: Light-dark cycle entrainment. Brain Res., In Press, 1984.

36. Richardson, G.S.; Moore-Ede, M.C.; Czeisler, C.A.; Dement, W.C.
9 Circadian rhythms of sleep and wakefulness in mice: Analysis using
long-term automated recording of sleep. Am. J. Physiol., In Press, 1934.

i 37. Gander, P.H.; Kronauer, R.E.; Czeisler, C.A.; Moore-Ede, M.C.
Simulating the action of zeitgebers on a coupled two-oscillator model
of the human circadian system. Am. J. Physiol., In Press, 1984.

38. Gander, P.H.; Kronauer, R.E.; Czeisler, C.A.; Moore-Ede, M.C.
Modeling the action of zeitgebers on the human circadian system:
i Comparisons of simulations and data. Am. J. Physiol., In Press, 1934.

39. ng]er, D.B., Moore~Ede, M.C. Effects of a muramyl dipeptide on
the temperature and sleep-wake cycles of the squirrel monkey,
Am. J. Physiol., In Press, 1984, '

Fi 4%,  sander, P.H.; Moore-Ede, M.C. Light-dark masking of circadian
tzmperature and activity rhythms in squirrel monkeys. A 2.
s Prysiol. 245(14): R927-R934; 1983.
<o ,felsle(, C.A.; Moore-tEde, M.C.; Coleman, R.M. Resetting circadian
: “Tocks in mwan: Aoplications to sleep disorders wedicina and
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V. TINTERACTIONS

Dr. Moore-Ede has had multiple interactions with scientific colleagues at
professional meetings and alsc with various governmental offices, inclixing the
scientific meetings of the Air Force Office of Scientific Rasearch. The other
profassional staff have presented papers at scientific meetings and =re
constantly in touch with colleaguas at other universities and at governmental
laboratories.

A 1list of scientific presentatinns made i3 included:

1. Fuller, C.A.; Sulzman, F.M.; Moore-Ede, M.C. Active and passive
responces of circadian rhythms in body temperature to light-dark
cycles. Fed. Proc. 37: 832; 1978. 62nd Annual Meeting FASEB

4/9-14/1978, Atlantic Clty, N.J.
2. Sulzman, F.M.;Fuller, C.A.; Moore-Ede, M.C. Influence of light

intensity on squirrel monkey circadian rhythms. Fed. Proc. 37:
832; 1978. 22nd Annual Meeting, APSS, June 16-20, San Antonio, TX.

3. Sulzman, F.M.; Fuller, C.A.; Moore-Ede, M.C. Phasic and tonic

effects of 11ght on the prlma*e circadian t1mekeep1ng system. Am.
Soc. Photobiol. VI Annual Meeting, Burlington, Vt., 1978.

4. Moore-tde, M.C. Introduction to the Symposium on light eftects
on the c1rcad1an timing system. Am. Soc. Photobicl. VI Annual
Meeting, Burlinqgton, Vt., June 11-15,6 1978.

5. Czeisler, C.A.; Richardson, G.S.; Moore-Ede, M.C.; Weitzman, E.
Entrainment of human c1rcad1an rinythms by 11gnt ~dark cycles: a
reassessment. Am. Soc. Photobiol. VI Annual Meeting, Burlingtaon,

oo, Jura 1i-15, 1373,

IS

n. Piarce, B.G.; sulzman, F.M.; Fuller, C.A.; Moore-gEde, M.0. Lians
D38t roser ina (1r«l‘1\v J1ack in d—uﬁ:”ifgfn_fffﬁi SN TS
il :"»"51{‘4', o ,;’X_l];‘gv"“ Vb Tigne 11-!_:1, taE
Lo Muere-Baey Mooy sulzman, S5 rutler, COAL Intermal organizetion
Cf zhe circrdion £iring syster in the squirrel wonkey. roc. el
int'T. Symp. on Biorhytho and its Central Mechanism, Lyots, Jacan,
1373,

i

. Moore-Ede, M.C.; Sulzman, F.M.; Fuller, C.A. Uncou011ng of circadian

f)‘sc':!]']‘jrjrc at tha Vimits nt '|1n|qf' Aark c\/clo antrainmart in “en

squirrel monkey. Fed. Proc. 38: 1979. 63rd Annual Meeting, rAb_o,
April 1-10, 1979, Dallas, TX,

Joanlzoan, FOMO Faller, SO0 Mooce-Ede, MUCL dne s3cond Tignt Jse
“”*(HWP civcadian whyth 5 in 2 dTurnal pricate.  Saysinlogice 20
ory LdTAL At et Teetio g, FASIS, dpedl =100 19730 Tally .
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10. Fuller, C.A.; Sulzman, F.M.; Moore-Ede, M.C. Sound cycles exert
circadian phase control after partial Suprachlasmat1c nucleus
lesions in the squirrel monkey. Physiologist 22: 41; 1979, 30th T
Annual Meeting, The American Physiological Soc1ety, Oct 15-19,
New Orleans, LA.

11. Sulzman, F.M.; Fuller, C.A.; Moore-Ede, M.C. Phase effects of

[ Tight on a dlur al primate. In: Chronobiologia, Vol. VI, April-
i June 1979, No. 2, p. 161. Proceedings of the XIV International
Conference of the International Society for Chronobiology,
Hannover, Germany, July 8-12, 1979.

12. Kronauer, R.E.; Czeisler, C.A.; Weitzman, E.D.; Pilato, S.F.
Moore-Ed Moore-Ede, M.C. A mathematical model of the human c1rcad1an
system use of two interacting oscillators to simulate free-
running and entrained sleep-wake patterns. Sleep Res. 9: 274;
1980. 20th Meeting of the Association for the PsychOphys1ologlca1

Study of Sleep, March 20-24, Mexico City, Mexico.

.
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13. Moore-Ede, M.C.; Lydic, R.; Czeisler, C.A.; Tepper, B.; Fuller,
C.A. Characterization of separate c1rcad1an osc1llaters dr1v1ng
rest-activity and body temperature rhythms. Sleep Res. 275;
1980. 20th Meeting of the Association for the Psychophy51o1og1cal
Study of Sleep, March 20-24, Mexico City, Mexico.
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14. Moore-Ede, M.C.; Lydic, R.; Czeisler, C.A.; Fuller, C.A.; Albers,
H.E. Structure and funct1on of Suprach1asmat1c ic nucled TSCNS in
human and non-human primates. Neurosci. Abstr. 6: 708; 1980.
Society for Neuroscience 10th Annual Meeting, Nov. 9- 14

Cincinnati, OH.
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15. Albers, H.E.; Lydic, R.; Moore-Ede, M.C. Light-dark cycle
entrainment of the pers1st1ng circadian rhythm of core body
temperature in SCN-lesioned primates. Neuroscience Abstracts 6:
708; 1980. Society for Neuroscience 10th Annual Meeting, Nov. 9-14,

Cincinnati, OH.

16. Moore-Ede, M.C. Inner clocks and outer clocks: perspect'ves on
time and aging. Presented at the Institute on Religion in an
Age of Science, Summer Conference, Star [sland, NH; 198C.

17. Moore-Ede, M.C. Structure and function of circadian clocks in
human and non-human primates. American Association for the
Advancement of Science Annual Meeting, Toronto, Canada, Jan. 3-8,

1981, pp. 51-52. -

18. Schoene, W.C.; Lydic, R.; Czeisler, C.A.; Moore-Ede, M.C. Does
man ﬁave a 5uprach1asmat1c nucleus? Meetln of American Association
of Neuropathologists, Vancouver, B.C., Canada June 1981.
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20.
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22.

23.

24,

25.

26.

27.
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the supraéﬁ1asmat1c nuc1e1 in Tight- dar cycle entrainment of
drinking in the squirrel monkey. Sleep Res. 10: 289; 1981. 2lst
Meeting of the APSS, June 1981, Cape Cod, MA.

Albers, H.E.; Lydic, R.; Gander, P.H.; Moore-Ede, M.C. Role of

Gander, P.H.; Lydic, R.; Albers, H.E.; Moore-Ede, M.C. The
circadian timing system in squ1rre1 “monkeys: interactions between
two putative pacemakers. Sleep Res. 10: 294; 1981. 21st Meeting
of the APSS, June 1981, Cape Cod, MA.

Moore-Ede, M.C.; Gander, P.H.; Eagan, S.M.; Martin, P. Evidence
for weak c1rcad1an organ1zat10n in the cat sleep- ake cycle. Sleep
Res. 10: 298; 1981. 21st Meeting of the APSS, June 1981, Cape Cod,
MA.

Gander, P.H.; Lydic, R.; Albers, H.E.; Moore-Ede, M.C. Circadian
regulation of ocomotor act1vity and boay temperature rhythms in
primates. International Society for Chronobiol. 15th International

Conference, Minneapolis, MN, September, 1981.

Albers, H.E.; Lydic, R.; Gander, P.H.; Moore-Ede, M.C. Gradual
decay of circadian drlnkIng organizatlon in primates following
partial and complete lesions of the suprachiasmatic nuclei. Fed.
Proc. 41; 1697; 1982. 66th Annual Meeting FASEB, April 15-23,
New OrTeans, LA.

Gander, P.H.; Moore-Ede, M.C. Forced internal desynchrontzat1on
between rest-activity and temperature rhythms in squirrel monkeys.
Fed. Proc. 41: 1696; 1982. 66th Annual Meeting FASEB, April 15-23,
New Orleans, LA.

Wexler, D.B.; Moore- Ede, M.C. Resynchronization of sleep-wake
and temperature cycles in the squirrel monkey following phase
shifts of the environmental light-dark cycle. Sleep Res. 1l: 222;
1982. 22nd Annual Meeting APSS, June 16-20, San Antonio, TX.

Wexler, D.B.; Harling, C.J.; Moore-Ede, M.C. Muramyl dipeptide
induces non- REM sleep in squ1rrei monkeys. 12th Annual Meeting

of the Society for Neuroscience, Oct. 31-Nov. 15, 1982, Minneapolis,
MN.

Schwartz, W.J.; Eagan, ; Moore-Ede, M.C. Glucose utilization

of the suprach1asmat1c nuc1e1 in the diurnal squirrel monkey.
Neurosci. Abstr. 8: 544; 1982. 12th Annual Meeting of the Society

for Neuroscience, Oct. 31-Nov. 15, 1582, Minneapolis, M.

Moore-Ede, M.C. Circadian regulation of sleep and body temperature

in primates. International Union of Physiological Sciences XXIXth

International Congress, Sydney, Australia, August 1983.
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29. Gander, P.M.; Kronauer, R.E.; Czeisler, C.A.; Moore-Ede, M.C.
Entraining a two oscillator model for the human circadian timing
system. International Union of Physiological Sciences XXIXth

International Congress, Sydney, Australia, August 1983.

30. Boulos, Z.; Logothetis, D.E.; Moore-Ede, M.C. Circadian rhythms of
muTtiple unit activity from hypotﬁalam'c and other brain stem areas
of the squirrel monkey. 13th Annual Meeting of the Society for
Neuroscience, Boston, MA, November 1983. T

31. Hedberg, T.G. and Moore-Ede, M.C. Circadian rhythmicity in multiple- , j
unit activity of rat hypothalamic slice. 13th Annual Meeting of the o
Society for Neuroscience, Boston, MA, November 1983.

32. Apelgren, K.N.; Frim, D.M.; Harl1ng-Berg, C.J.; Gander, P.H.
Moore-Ede, M.C. The effect of cyclic intragastric feeding on
circadian rhythms in the squirrel monkey. 17th Annual Meeting of
the Association for Academic Surgery, Syracuse, NY, November 1983.

E 33. Moore-Ede, M.C. The twenty-four hour society: conflicts between - 9
environmental and biological time. Presented at the Second Annual L

International Symposium on Man and His Environment in Health and

Disease, Dallas, TX, February 1984.

34. Krieger, G.R. and Moore-Ede, M.C. Shiftworker performance after a
program of chronohygiene: diagnosis and management of shift -
maladaption syndrome. Presented at the 69th Annual Meeting of SR
the American Occupational Medical Association, Los Angeles, CA,
May 1984.
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. 35. Moore-Ede, M.C. Applications of circadian rhythms to rotating
i shift work. Presented at the §9th Annual Meeting of the American o
Occupational Medical Association, Los Angeles, CA, May 1984. - A
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