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-,The su:rachiasmatic nuclei were also identified in the r.u.-an brain. A -iber of
other significant advances included:developing a model of the circadian
sleep-,qake cycle, 4icharacterizing how phase shifts of the light-dark cycle -

reset the timing of the sleep-wake cycle, and 4identifying Dharmacological
agents which can phase-reset the circadian system,
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t. RESEARCH OBJECTIVES

The symptoms of "jet-lag" are suffered by Air Force personnel as well
as the millions of civilians who travel across time zones. Jet-lag is
characterized by deteriorations in Rerformance, malaise, inability to
concentrate, and other physiological and psychological symptoms. A similar
syndrome is suffered by round crews who work on shift work schedules as well
as combat forces who must fnicton t.around the clock." Until recently little
has been known about the mechanisms of jet-lag and there have been no very
effective methods of prevention.

This research program aimed to define the anatomical and physiological
nature of the circadian pacemakers which timed the approximately 24-hour
sleep-wake 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 problems 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) sleep-wake cycle that is
very similar to that in man.

Specific Aims

I. Development of a diurnal prituate mrodl with 3 relativel y consolidated
cir-cain sleep-w3ke CYC!l

2. ,eterm-ination of the three-dimensional architecture of thk? prilatp
suprachianatic nucleus (SCN) (one of the key circadian pacemak:?s)

3. identification of the SCN in the hiuman brain

4. investigate two-pacemT4ker organi-ati-n of the primate ci' cad n
timing system

5. xcmnine the coupling between the body temperatw'e rhlythm 3fn.

5. .*3Ize the nyh' :i..1;3 ,)f ph: 3e-re3tirg h; " i htr

7. FDet.er7ine the character'istios or the r.setting )f the siep-wic,
cycle after light-dirk cycl- ph-is shifts

8. investigate the effectiveness of pot,,tiil. phat.acological.
phae-rezetting agert3
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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 course of this research program supported by the AFOSR. These are
summarized 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 our laboratory, has been
conducted in nocturnal rodents. Similarly, much of the work on the regulation
of sleep 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 problems in investigating phase-resetting agents in such species
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 is seen in
humans.

A major accomplishment of this laboratory has been to develop an animal
model with a sleep-wake cycle (as well as other rhythms) that is much more
similJIar to that of humans than species so f3r stud i .d. We have je.on tr at ed
that the diurnal squirrel monkey (Saimiri sciureus) shows a sleep-wake
cycle that has consolidated sleep duri.ng the night and protracted wakefulnes L
during the day. By using a chronically-implanted headpiece, a swivel
commutator system and electrophysiological recording equipment, we have
developed a capability to continuously monitor the sleep-wake cycle, body
temperature rhythm, and other circadian functions for months at a time under
cont-oll-d envi-orental conditions in isolation chamrbers. We demonstr.tei ,
highly consolidated sleep-wqke cycle under light-dark conditions and,
.urthen;ore, a gradual resynchronization of tie sleep-'-ike cycle after p
;ivance of 6 hours in the timing of the liht-dark cycle. The fre -rtnm!ir
circ .-an rh th.'n of sleep and w-ikeilnpess ! tlhe 3qui -'r& .y n1.s r'.ird t)
be 1,pr-oxiTqtely 25 hours--a valu thi:t is !ery a3Lri"3r t) t.:t )f hur
jubj Cti.

B) Determination of the comrplex threP-dirensioral.
architecture of the p,£iate SCN

Because little information was available on the anatomy or the
suprachiasmatic nuclei in primates, one of the first efforts und-rtaken wn,3 to
define the structure of this oaeer . thee-daTi'n& Ci .M *DU-
reconstruction of the SCN was undertaken digitalizing tracings of successive
histological sections of the hypothalamus and then analyzing them using
adv;c.d cofputer graphics.

The st- L'<ing re.ture o.f the prir ate N in - ) wa its co.
'.c '. )g . T7h'i -ntnri-'r poI.:es ")L' ?Ich : ?u'2 '.us have :3 hro-A 1 m : t) 1 t-1

"' " - '1.a -n': J1 - .in. t-- CJ.3 ' C* .. " " '... " ' .
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oriented. The posterior poles also appear to extend dorsally rather than
-- laterally,.-

An important result of these studies 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
developnent 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 neuroanatomy of the human
hypothalamus to see if an SCN could be identified. Using the Yakovlev Library
collection of human and primate brains at the Armed Forces Tnstitute 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
revealed 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 is more laterally placed in human brains than in non-human primates.
Furthe..cre, the neuronal cluster is more diffusely organized in hui.anZ thin
in. lower species, particularly rodents and New World primates.

A comprehensive study of the literature revealed that damge to this area
was associated with a disruption of the human sleep-wake cycle. Tumors which
damage the anterior tip of the third ventricle and optic chiaam (the location
of the SCN) can cause sleep disorders, so that patients repeatedly fall as!_eep
i -. a4y hour of the day (like SCN-lesioned animals). Thus, the hLrn S.NJ Wou'.1
appear to serve a similar function to that of primates.

0) Denonstration of two-pacenraker organization
of the primate circadian tiing system;

A nmber of simltaneou3 .experirental ,pproaches j'ctl, u. :e- ir ij "fl
data f-arti hLan sub.ts, mthem, atical modeling of the circadi. syJem, iV -.

neurophysiologic,-l experiments in squirrel monk-y3 1.1 us t,) tbi conclusi,-

that the circadian timing system in primates is best char cterizai as t'.
major pacemaking systems which preside over a large population of secondary
oscillators. This argument was developed in full in 1992 in a book which Dr.
oore-Ede (with Dr. Sulzman and Dr. Fulle.r) co-autho-ed entit!,d. The Clocks

That Time U.: Phy1icbjo j f" the C r'..ad n T1i,iw 3-l , wh ch wo h-

lishedTbhRr.-ard-T- -nd -i-T nm.rized in a recent
Federation Proceedings review (Moore-Ede, 1933). Firstly, the data f'cm
human sjbjects indicate that the ci-cadiir -hythms in hu-ar sicts
en':ir one.ts without timte CUP3 fq l. int' tWo c'.1s3- 3h;h c,', .-hL ,cccasi,
internally desynchrcri,.c .An l f-pe-un with s-p-arate p.-'iJIs. 7'4
pr~oe3ty, plasma corti3o. cncentratlion qnd u-i-y ootaJsi t r-. ;
:. t:t -t" L --on t '7,_J 'I te' pori 0)i t ),s~ '.0 t t'1,, h i " -' =' '-
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rhythm during internal desynchronlzation. 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
sleep. 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 so they maintain synchrony with each other and
with environmental time cues. The identity of X and Y pacemakers are indicated
by studies involving lesions of the suprachiasmatic nuclei; after such lesions
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,
whereas the X pacemaker is located outside the SCN in a separate anatomical
location. In.addition to these two pacemakers, there appear to be multiple
other secondary oscillators 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.

E) Des nchronization between the body temperature rhythm
and the rest-activitZ cle

An important advance was made by the demonstration that the body
temperature and rest-activity rhythms of squirrel monkeys can be forced to
simultaneously exhibit different periods, and to p;.3 through a full 15,l° of
relative phase. Five adult male squirrel monkeys have now been 'xpcs'd to a
cycle of 14 hours of darkness (LD 14:14) for a minimum of 21 days. (Three
animals have experienced the protocol twice.) In this regi.re, the
rest-activity rhythm entrained to the 28-hour zeitgebPr period in 7-8 cases;
however, the temperature rhythm failed to entrain in 5 of the 6 cases for
which data were complete. The temperature rhythm in these 5 cases exhibited a
pi-rid arotnd 26 hours so that approximately every 13 days the two -hythvrs
passed through every possible phase relationship with respect to eich other.

This was the first demonstration of desynchronization from othe- thin
hum 3an subjects. it suggests tha t the circadian ti.mi,. 3ystM j initIC4

*~~~' -,-'L r& monke ys c-rtains a ti mi of two pcmi h~ ~o.~i
least partially indepenint function. Further ar;lys-s if the d1-tl f-1,.
desy:nchronized animals should Pnable astimation of pqai.-te- v-iij- fo' a
mathematical model of the squi rel monkey system, as a ba.i f r c3 i.:iso"
with the two-oscillator model for the human circaJii tLring system 'K-onun,-
et al., 1982) on which this laboratory continues to coll.bo-ate.

F) Mechanisms of phase-resettingb'liht

The environmental light-dqrk cycle acts as a major circadian synchronizer
in all marmalian.species, including non-human pimates .3 a , :noa. ever, the
m. chanis of entrainment, whi'.e well. characterizei in noe_tiur.nal rod;ents, had
not obe. n jetermjnind in primates. 4 1iumbe-- of iportant qi'etio)s. th.-Pe,
ha';e arisen i3 to !4heth- t'e mechnnisms of ent-airentc
ncltLurnal anirr>-ils -4.ire fop-Lcable for diuJr'!la. spec i.s such as ,ost no"-h-n .'
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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 (600
lux) presented to 6 individually housed animals, free-running in constant
darkness. Phase delays occur in early subjective 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 species which has a mean free-running period of
approximately 25 hours and must be reset on average by a daily phase advance of
one hour.

G) Resetting of the sleep-wake cycle in the
s-qu-i-rrel monkey after environmental phase shifts

To validate the squirrel monkey as a model for the regulation of the human
sleep-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-wake
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 is comparable to the
asymmetry seen in man. During the transient cycles, sleep state structure and
temporal placement were disturbed. In addition to being a powerful
synchronizer of the system, light, particularly at onset, appeared to have
pronounced evoked or direct effects on sleep/wake behavior and body
temperature.

Aalyses of phase-tracking cosinor methods, local mean-level crossigs and
sleep stage accurulation times indicate the comparbility o the -?gulatio, of
the sleep-wake cycle in the squirrel monkey and in maan.

HI PrelirTni studies on phase-resetting agents

Dring the 13st ye;ir of the funding period we developed t:achni1i-e3 to
administer pharmacologic agents to squi-rel monfkeys to evl.i-te thi
phase-resetting actions. As 3 result of these studies we founAtd that iing7.z
pulses of an antibiotic, anisomycin, in non-toxic dos.ages are a resetter of
circadian rhythms in the squirrel monkey. Further studies will. be needd to
determine the efficacy of this compomd.

Initial studies were also commenced looking at the efficacy Dc
GABA-trimetic agents, including sodium valproate. These ware found to have
marked effects on changing the period of the ci-cadian syst-n. These ag-nf3
ha'ie interesting implications 'b cause of the especially high ,,' o f .GA. .
the 5CN. F-itre studies will pursue these findings with the ai- o" -oeveloping
,cl "ioa'Jy feasIe tIch 1rJUs t) fac¢it tate aI lcpti t: - ftel t-a;-'I ecr^sJ
tite zoies.
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Ill. 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.

1. Moore-Ede, M.C.; Sulzman, F.M.; Fuller, C.A. The Clocks That Time Us:
Physiology o-fthe Circadian Timing System. Cambridge, MA: Harvard
University Press, 1982.

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

3. Sulman, F.M.; Fuller, C.A.; Moore-Ede, M.C. Comparison of
-ynchroniztaton o f-p-rimati circadian-rhythms by light and food.
Am. J. Physiol. 234: R130-R135; 1978.

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

5. Fuller, C.A.; Sulzman, F.M.; Moore-Ede, M.C. Circadian control
of thermoregulation in the squirrel monkey"(Saimiri sClureus).
Am. J. Physiol. 236: R153-R161; 1979.

6. 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.

7. Kronruer, R.E.; Moore-Ede, M.C.; Menser, M.S. Ultradian cortisol
rhythms in monkeys: synchronized or not synchronized?. Scierce
202: 1001-1002; 1978.

Sul ran, F.M.; Fuller, C.A.; Moore-Ede, M.C. Tonic effects of
light on thT circadian system of the squirrel monkey. J. Corn.
Physiol. 129: 43-50; 1979.

. Fuller, C.A.; Sulzman, F.M.; Moore-Ede, M.C. Effective
therm.,regulation in primates de~ewAs upon Tnternal circadian
synchronization. Comp. Biochem. Physiol. (A) 63: 207-212; 1979.

10. Moore-Ede, M.C.; Sulzman, F.M. Internal Temporal Order. Aschoff,
Jo ed. Handbook of Behavioral Neurobiology. Biological Rhythms; -
New York: Plenum Publishing Corporation; 1981: pp.215-24 1.

-and tonic light inputs on the circadian or-gani j7 ti n tre
irrel ', . hotochew. Dh tcbi.:) 31:'_ 2-".--76,; .
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12. Moore-Ede, M.C.; Sulzman, F.M.; Fuller, C.A. Circadian
organization in the squirrel monkey: the internal coupling between
oscillators. Suda, M.; Hayaishi, 0.; 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
suprchTasm-a nuc-Leei-iF the diurnal squirrel monkey (Salmiri
sciureus). Neurosci. Lett. 17: 295-299; 1980.

14. Fuller, C.A.; Sulzan, F.M.; Moore-Ede, M.C. Shift-work and the
jet-lag syndrome: conflicts between environmental and body time.
Johnson, L.C.; Tepas, D.I.; Colquhoun, W.P.; Colligan, 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-Ede, M.C.
Suprachiasmatic region of the human hypothalamus: homolog to the
primate circadian pacemaker?. Sleep 2: 355-361; 1950.

16. Czelsler, C.A.; Richardson, G.S.; Zimmerman, J.C.; M3ore-Ede, M.
C.; Weitzman, E.D. Entrainment of human circadian rhythms by
Tight-dark cyclei: a reassessment. Photochem. Photoblol. 34:
239-247; 1981.

17 Moore-Ede, M.C. Light: an information source for clrcadian
clocks. Photochem. Photobiol. 34: 237-238; 1981.

k7', ;. ForCi [",. SOc. Pkir Saft y ['est. Ij:... .... .

. Fuller, CA.; Lydic. R.; Sulziman, F.M ; -liber-, E
.",loore- de, M.C. Circadian rhythm of body teu; per'eturt
suprachiasmatic lesions in the squirrel monkey. J. ry sio1
241: R385-R391; 1981.

2C. r-,n-c-, .E. C• isler, C.A.; lato, S •.F.; M _cr - ., -
Weitz"n, E.. Mtneatica mode! of the human circadian syste:,!
with two interacting oscillators. Am. J. Physiol. 11: 03-017; 19?2.

21. Kronauer, R.E.; Czeisler, C.A.; Pilato, S.; Moor-Ede,
tzei tzaF, E.. Mathemwatical erepresenta t n of the "i!r'a" i 'c..i

; st[e tl [interacting oscill.-it rs h h at-f - c le-., r-,:-:a;ic '.*A r;lini:. l Pe' - r- !(.ha;e, •* :...... .... ,,



M.C. Moore-Ede~11 L•

22. 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.

23. 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.

24. Albers, HOE,; L d_ c, R.; Moore-Ede, M.C. Entrainment and maskingof TrcaTiin drTnklng-rhyths- iFnprimates: influence of light
intensity. Physiol. Behav. 28: 205-211; 1982.

2E. 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)

26. Albers, HOE.; Lydic, R.; Gander, PH.; Moore-Ede, M.C. Gradual
decay of-circadian drTnking organization following lesions of the
suprachiasmatic nuclei In primates. Neurosci. Lett. 27: 119-12U;
1981.

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

28. Weitzman, E.D.; Czeisler, C.A.; Zimmerman, J.C.; Moore-Ede, M.C.;
Ronda, J. Biological rhythms in man: Internal physiological
organization during non-entrained (free-running) conditions and
application to delayed sleep phase syndrome. Chase, M.H., Ed. Sleep
Disorders: Intersections of Basic and Clinical Research. New York:
Spectrum Publications, Inc., 1983.

2 Czei;er, C.A.; Moore-Ede, M.C.; Coleman, R•.. .otatinq sni: .

schedules that disrupt sleep are improved by applying circadian
::rinci;,le;. Sci-nce 217: T60-46'; I.V .

FullIer', .A. ; Lv, H.; , jz~i P9. .le; ~;:*r
Moor -Ede, M.C. Auditory entrainont of primiate ,'rink i!lr rhythl
folio'.J ig partial suprachia ;r:atic nucle i les ion;. hy;i. . .
31(4): 573-576; 1983.

31. Schwartz, W.J.; Reppert, S.M.; Eagan, S.M.; Moore-Ede, M.C. In vivo
metabolic activity of the suprachiasvatic nuclei: a cow.)arative
s f-td, . Bra in 0-. "171: 1? 1 127 ; l11 93

32. Moore-Ede, M.C.; Czeisler, C.A.; Richardson, G•. ir n t.> i e-
keeping in health and disease. Part 1: Basic properties of circadian
ice-'a .ers . NEJ,,! ; (2 l 469- I7!6; 19 3.

'-o, ;i; r,, .*.. -ic 3 r , . "irc,); t -
02- .). .- -- l h:i-9 I t , .d ,2,i ,,e-; . " : I1 in!c ,-i ;' i.
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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 syste-m of the squirrel
monkey. I: The generation of rhythmicity. Brain Res., in Press, 1984.

35. Albers, H.E.; yd, R.; Moore-Ede, M.C. Role of the suprachiasmatic
nucleiin 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.

Circadian rhythms of sleep and wakefulness in mice: Analysis using

long-term automated recording of sleep. Am. J. Physiol., In Press, 1984.

37. Gander, P.H.; Kronauer, R.E.; Czeisler, C.A.; Moore-Ede, M.C.

Simulating the action of zeitgebers on a Eoupled 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.

M-deling the action of zeitgebers on the human circadian system:

Comparisons of simulations and data. Am. J. Physiol., In Press, 1984.

39. Wexler, 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.

4". 'ander, P.H.; Moore-Ede, M.C. Light-dark masking of circadian
temperature and activity rhythms in squirrel monkeys. A.
Piysiol. 245(14): R927-R934; 1983.

-. .:eisler, C.A.; Moore-Ede, M.C.; Coleman, R.M. Resetting circadiln

'ocks in Tan: Aoplications to sleep disorders :ed jcic ,

:c j)a aoal hn Ith. Gui 11 e!:in l u1 t , C., Lujare; / , -, C
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TV. LIST OF PROFESSIONAL PERSONNEL ASSOCIATED

41TH THE RESEARCH EFFORT

M'artin C. Moore-Ede, Principal investig~tor

2. Dr. Frank M. Sulnan

3. Dr. H. Elliott Albers

4. Dr. Philippa Gander

5. Dr. Charle3 A. Czei31er

6. Mr. David B. Wexler

7. Dr. David Borsook

3. Dr. Gary Richardson
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V. INTERACTIONS

Dr. Moore-Ede has had multiple interactions with scientific colleagues it
professional meetings and also with various governmentl, offices, ixn¢lu, g1 the
scientific meetings of the Air Force Office of Scientific Research. The other
professional staff have presented papers at scientific meetings ard ire
constantly in touch with colleague3 at other universities and at governmental
laboratories.

A list of scientific presentations made is 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 City, 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 light on the primate circadian timekeeping system. Am.
Soc. Photobiol. VI Annual Meeting, Burlington, Vt., 1978.

4. Moore-Ede, M.C. Introduction to the Symposium on light ettects
on the circadian timing system. Am. Soc. Photobiol. VI Annual
Meeting, Burlington, Vt., June 11-15, 1978.

5. Czeisler, C.A.; Richardson, G.S.; Moore-Ede, M.C.; Weitzman, E.D.
Encrainment of human circadian rhythms by light-dark cycits: a
reassessnrt. Am. Soc. Photobiol. VI Annual Meetinq, Burlington,
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8. Moore-Ede, M.C.; Sulzm.an, F.M.; Fuller, C.A. Uncoupling of circadian
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squirrel monkey. Fed. Proc. 38: 1979. 63rd Annual Meeting, FASE6,
April 1-10, 1979, Dallas, TY'.
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10. Fuller, C.A.; Sulzman, F.M.; Moore-Ede, M.C. Sound cycles exert
circadian phase control after partial suprachiasmatic nucleus
lesions in the squirrel monkey. Physiologist 22: 41; 1979. 30th
Annual Meeting, The American Physiological Society, Oct. 15-19,
New Orleans, LA.

11. Sulzman, F.M.; Fuller, C.A.; Moore-Ede, M.C. Phase effects of
light on a diur-na primate. In: Chronobiologia, Vol. VI, April-
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-Ede, M.C. A mathematical model of thehuman circadian
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 Psychophysiological
Study of Sleep, March 20-24, Mexico City, Mexico.

13. Moore-Ede, M.C.; L , R.; Czeisler, C.A.; Tepper, B.; Fuller,
C.A. Characterization of separate circadian oscillaters driving
rest-activity and body temperature rhythms. Sleep Res. 9: 275;
1980. 20th Meeting of the Association for the Psychophysiological
Study of Sleep, March 20-24, Mexico City, Mexico.

14. Moore-Ede, M.C.; Lydic, R.; Czeisler, C.A.; Fuller, C.A.; Albers,
H.E. Structure and function of suprachiasmatic nucleTTSCN) in
human and non-human primates. Neurosci. Abstr. 6: 708; 1980.
Society for Neuroscience 10th Annual Meeting, Nov. 9-14,
Cincinnati, OH.

15. Albers, H.E.; Lydic, R.; Moore-Ede, M.C. Light-dark cycle
entrainment of the persisting circadiain 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: perspectives on
time and aging. Presented at the Institute on Religion in an
Age of Science, Summer Conference, Star Island, NH; 1980.

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 have a suprachiasmatic nucleus? Meeting of American Association
of Neuropathologists, Vancouver, B.C., Canada, June 1981.
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19. Albers, H.E.; d, R.; Gander, P.H.; Moore-Ede, M.C. Role of
Te upracFiasmatic nuclei--i-nTight-dark cycle entrainment of
drinking in the squirrel monkey. Sleep Res. 10: 289; 1981. 21st
Meeting of the APSS, June 1981, Cape Cod, MA.

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

21. Moore-Ede, M.C.; Gander, P.H.; Eafan, S.M.; Martin, P. Evidence
for weak ci7cadian organization in the cat sleep-wake cycle. Sleep
Res. 10: 298; 1981. 21st Meeting of the APSS, June 1981, Cape Cod,
MA.

22. Gander, P.H.; Lydic, R.; Albers, H.E.; Moore-Ede, M.C. Circadian
regu ation-of Tocomotor a-tivity anJ body temperature rhythms in
primates. International Society for Chronobiol. 15th International
Conference, Minneapolis, MN, September, 1981.

23. Albers, H.E.; Lydic, R.; Gander, P.H.; Moore-Ede, M.C. Gradual
-cay of-circadian drinking -organization 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.

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

25. Wexler, 0.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. 11: 222;
1982. 22nd Annual Meeting APSS, June 16-20, San Antonio, TX.

26. Wexler, 0.B.; Harling, C.J.; Moore-Ede, M.C. Muramyl dipeptide
induces non-REM sleep in squirrel monkeys. 12th Annual Meeting
of the Society for Neuroscience, Oct. 31-Nov. 15, 1982, Minneapolis,
MN.

27. Schwartz, W.J.; Eagan, S.; Moore-Ede, M.C. Glucose utilization
of the suprachiasmatic nuclei in the diurnal squirrel monkey.
Neurosci. Abstr. 8: 544; 1982. 12th Annual Meeting of the Society
for Neuroscience, Oct. 31-Nov. 15, 1982, Minneapolis, Mil.

28. Moore-Ede, M.C. Circadian regulation of sleep and body temperature
in primates. Tnternational Union of Physiological Sciences XXIXth
International Congress, Sydney, Australia, August 1983.
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29. Gander, P.l.; Kronauer, R.E.; Czeisler, C.A.; Moore-Ede, M.C.
Entraining-a two oscillafar model for the Fuman 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
mu--- le-unit activity from hypothalmc in other brain stem areas
of the squirrel monkey. 13th Annual Meeting of the Society for
Neuroscience, Boston, MA, November 1983.

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

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

33. Moore-Ede, M.C. The twenty-four hour society: conflicts between
environmental and biological time. Presented at the Second Annual
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
the American Occupational Medical Association, Los Angeles, CA,
May 1984.

35. Moore-Ede, M.C. Applications of circadian rhythms to rotating
shift work. Presented at the 69th Annual Meeting of the American
Occupational Medical Association, Los Angeles, CA, May 1984.
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