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Biorhythms and Melatonin

Jack Falcon
CNRS & UPMC - FRE3247 et GDR2821, Modeles
en Biologie cellulaire et evolutive, Avenue Fontaule,
BP44 F-66651 Banyuls-sur-Mer, France

Most of the biochemical, physiological and behavioral
events of living organisms are rhythmic; the daily (LLD;
L for Light and D for Dark) and seasonal rhythms
are among the most preeminent. The variations of
photoperiod and temperature play a major role in the
synchronization of daily and annual rhythms, which
are, however, more than a simple response to physical
variations of the environment. Indeed, people or animals
forced to live under non natural lighting conditions,
such as constant darkness or a 28 h LD cycle, still
exhibit fluctuations of almost 24 h, for example in their
activity/sleeping rhythm, core body temperature or
hormonal rhythms. Similarly, animals maintain an annual
rhythm of reproduction if maintained for several years
under constant LD and temperature. This is because
internal biological time-keeping systems are operating.
Organisms equipped with such systems, either circadian
(from the Latin circa: approximately, and dies: day) or
circannual, are able to predict and anticipate the daily
and seasonal changes, so that the right event will occur
at the right time. Whereas information accumulates
concerning the function of the circadian system, far less

is known on the mechanisms of the circannual system.

The circadian.system comprises all the different
components by which light enters the organism and is
transformed into a timed signal. The core of the system
is made of the clock machinery, which exhibits an
autonomous activity based on the mutual control in the
expression of specific genes. This genetically based feed-
back loop functions with a period close to 24 h (& 4 h),
and the rhythm is synchronized to the exact 24 h LD
cycle by light perceived through specific light sensors;
in turn, the clock drives the rhythmic production of
output signals. In mammals, including human, the master
circadian clock is located in the suprachiasmatic nuclei
(SCN), which is made of a pair of =10,000 neurons
located at the base of the brain hypothalamus. These
neurons receive photoperiodic information from the
retina and in turn convey rhythmic information to a
few subsets of brain targets. Among these, the pineal
gland occupies a pivotal role. The pineal gland is

located in the most central part of the human brain. It
produces and releases melatonin in the blood as well
as in the cerebrospinal fluid. The role of melatonin as
one major time-keeping hormone of the organisms is
now well admitted. In all species investigated so far,
plasma melatonin levels are high at night and low during
the day, which provides the organism with a reliable
indication of the respective durations of day and night;
and, seasonal changes in the LD cycle are reflected in
the amplitude and duration of the nocturnal surge. The
time-keeping properties of melatonin result in part from
a feed-back action on the SCN where specific receptors
forthe hormone have beenlocalized. Thus, the
melatonin rhythm is controlled by the circadian clock
of the SCN, and the hormone modulates in turn, the
activity of the clock. Melatonin receptors have also been
located in other brain areas, particularly those involved
in the control of neuroendocrine functions (controlling
reproduction) as well as in peripheral tissues, including
intestine, blood vessels and elements of the immune
system. This indicates the multiplicity of processes
that can be modulated by melatonin. An abundant
literature describes the involvement of melatonin as a
time-keeper (daily sleep/wake rhythm, annual rhythm
of reproduction), modulator of physiological functions
(vision, feeding, circulation, immunity) as well as an

anti-aging, anticancer and antioxidant agent.

The average period of the human circadian clock is
24.6 h. Because the function of the clock is based on
the expression of specific genes, it is not surprising
that differences exist among individuals. Thus, each of
us is characterized by a specific "chronotype" which
is perfectly reflected by the profile in the nocturnal
melatonin surge. The chronotype helps distinguishing
between early and late active individuals, which do not
respond in the same way to the constraints of life. Such
responses may be pathological in case of dysfunctions
of the circadian system. Dysfunctions can result from
manipulations of external cues (jet-lag, shifted work
schedule). They can also be of internal origin, as is the
case in blind people, individuals with genetic mutations
at some level of the circadian system, or in the course of
aging. All these result in increased fatigue and insomnia,
reduction in appetite, decrease in alertness as well as
in cognitive and psychomotor effectiveness; in addition,
they potentiate the risks of cancers and of psycho-
affective and psychiatric disorders. In this regard,
melatonin is interesting because it is a direct, easy to



measure, indicator of the state of the circadian system
and specific treatments with melatonin and/or light
are being used now to help synchronizing the rhythmic
activities under such pathological situations, particularly
in cases of insomnia, depression and seasonal affective
disorders.



AT RNZDETUOFTATLYT
REEE (REERERIAE)

AT b=V, WEHT I JVBO1DTHBE N T T
TYPEET PV ERTARE NS FH2320D KL
EVTHY, wEICHREL DMz hs (X1
—1). ZThEFT—icid, BEEICRHENLILE Y
EWVbNTE A, Bl Asfk, W, s Oh
B, Ba&), fU, INBE, KAE, &b, Vv 58kick
WCBHEEINB Z LS NI NS, 2T, K
LADTN—THK, 4%, Fx2LE, TLFE2EICDHET
k% s B RIS SREMIZ S X 7 =V DL R
L LT, A5 b=V EWHIYEIR, £2TD
AN RN AFAE L T B TR D B T dh 5.

L, MiEhoxs b=, b b &2REL T B0
BT ZDIZE A EPMREERTH 5. BE
KB X UHrhD x 7 b = VIREIERICICS, ERICE
Wk W R HRZB 2R T. 72, X7 =D
WEOFWEE, e & ISP T 5. & M T
F, 1ih 6 3EHE TR E &<, BEMLE®RD L,
10 AWA S L E— D100 1 UTIZETAaS (X
I—2). X512, ®EDAT b=V aERDIELRD
MO ABERIEITH S, ZhETOWREICKD LMAZE

MREVWEDD, 2500luxPd LOJRGH 215 &,
7 F =Y OaRAHHl EhD.

A7 b= VICiEALEY ELTOERMSZ, EL
RLAWEEMEN EBEATENT ) — 5 D h AR
BEAANYY (HE) TI28NI1xH 5. 19934, £ 5
PE=vEEBEE PRI LI ORI (HO) A HN
YYL, TORNBPERNOHBRICIETH S 7L 4
FAVORNHETHBZ MG Eh: 20%, <
LEFVLFVHL (LOOT), —EEEHK ('0,), —
Btk (NO'), "Atr*v+4 54 F (ONOO
T) R E (Hy0,) ZEFED S IERMIFEMNIZH
FETHIENRRALERESI N A5 b=ViFT7) —
TOIWNEEEZA IRV DT B E, HEIEN-acetyl-
N-formyl-5-methoxykynuramine (AFMK), cyclic2-
hydroxymelatonin® % Mdcyclic 3-hydroxymelatoninZs
E (FVHINOMICK D RE D) 22T 5 (XD —
3) LEALENTVWS., X7 b= vOhgtEE LT
OF#IZ, 1) Z O OMWED & MK 2 & 512
WETEZZL, 2) BHAEHER TV —FVANLDAA
Ry Py — (ieWE) o320 TaL, EENDIH
BALICBDBHER (R—3—FF Y PV 2LE—-ERS
LNEFF VY RUFFV 2 —¥iE) OFURPEIZTOR
BHAaEwsZlehlnbFonTns.

AU IEEEDLD B 8, REMZAHUT, BIEZFIZH 5

E1:EFORBREFICEITEHASE=2 D& RFERE

nrrLruy g

250505 B HA— 248515 FE BR
) T E T

AR L%

i

B =LeFe—

WRE

MIF o7V
L

5-tFAOFY
rIT 270
.

OrZY
PUILFILFITED
cAMPE— N-FEFIFSURATIS—E —p

PE- I (AANAT) ¢+
5y

ATP

N-7EFIteakZYy

y/

£ EOF Y4y F—JL-0-
AFNESVATIS—E —P

(HIOMT)

S MR <:>
—_ ,
— )
— LR
il 4
I—1 EFOBRBERICBETDIXAT FZAERBER PREOREKRZRT.



E2: IO RBOASF RBEBRT S

MELATONIN THROUGHOUT THE LIFE

8

MELATONIN (pg/mi)
3

2w 8 e
AGE (YEARS)

I—2 MMESICHOVEEOXS N REGHET 3.

B3 : ASr=UIE7) =5 hIEEEHEL.
NoDKFEYIZES

B ILEEL
BHLTES

HaCO
|
N Melatonin O
H
'Q‘ — /2"
0 i 1
HsCO HsCO
HsCO C\/\N G 3
H N
N-C=0  AFMK NOH\
H H

]

Cyclic 2-OH melatonin Cyclic 3-OH melatonin

MI-38 XZbhZ2RBT7U-5VHI (EMER) 2EEHEEL, ChoORBEDICES.



PLOHFRERTOTTLERTVE LN [FurFas
3l &, WBEDOHDDNARZ VISVE, IRELXEDS
TFHRT7Y -7 VHANREEBRE FR) ko THEEE
2, TORBREMTBFHNTE L X DHBESTERT 3
EWS [HTFREEHR] L4855, 45 b=Vt BE
O [FFHEE] #WET 260, TodbbHBLERR
5. ZhETHRAD I I I AHEIIHLTAS b=
Y OHBUIRBFANS R TS, Bz, YMHEIH
RGEEITHR (U205 v FERAWEEER) M
S, PAINA 2 —@/R/S—F VY VIRETAL IR
FIIUHETIBILA L ARKELEEL7-2L O8I
EB»E, X7 F=VICHREMRETFINREHE L
ARG EhTHWS. Thabb, MEcE- TEL 5885
BELILHETIMDOLEIINLT, —EDRIH
#HTEB. X5IT, BOERAIZ, BAETHEMEOS
fLLeiaes 25 P =V AHHITEILVBIFHLVAT b=
VORBEERM L. ZhET, MEicfEnxs b=y
BERT B2 eh 5, BAMEHEBIE L OBEAIRE X
hTnes, EREPZOROMEXR»L AT P2V
ICBBBEICNT 3 —EDOFHHR\FEh T3,

EHICRAIE, AR L-ARABEWIZE X7 =V HE
FNhTVBIEND, A5 o VvEELAUHELE-
T35 LVIHRE (FHEBNI0E) 2fT-o7 %
DHRIZ, ThoDHELKW 2 » AME-> 2813, &S
Ko RRELINRT, BRICRPD X5 b=V REEND
MHEMLZ SHBAZ =3, EMOBR»L 7T
kL, B (BEAR) OBA»S 8 IH, TV
FIA DV SIIHUTHEABRHEWEIC L5 DL HF
Ehs.



Melatonin and Anti-aging

Atsuhiko Hattori
(Tokyo Medical and Dental University)

Melatonin (N-acetyl-5-methoxytryptamine), a
tryptophan metabolite, is mainly produced and
secreted at night by the pineal gland in the vertebrate.
Melatonin has beenshowntoplayaroleinmany
physiological systems, including those involved in sleep,
reproduction, immune defense, cardiovascular function,
gastrointestinal physiology, and renal function, as
well as bone physiology. Melatonin was first reported
to be an efficient endogenous antioxidant of hydroxyl
radical in 1993. Thereafter, there has been reported
that melatonin has a function of scavenging several free
radicals and inhibiting the oxidation of biomolecules.

Aging is an extremely complex and multifunctional
process characterizedby ageneral declinein
physiological function that leads to morbidity and
mortality. There is some evidence that sustained
damages inflicted by endogenously produced oxidants
contribute to the development of the age-related
changes. These oxidants include super oxide, hydrogen
peroxide, and hydroxyl radicals which can induce
damage to cellular macromolecules, including lipids,
proteins, and DNA. Melatonin prevents oxidative stress
both through its free radical scavenging effect and by
increasing ant-oxidant enzyme activity. It is known
that endogenous melatonin production diminishes in the
elderly, and this reduction may be an important factor in
the increase of oxidative stress by aging.

Melatoninis found in all organisms, including
planarians, mollusks, insects, algae, fungi, and plants.
Because melatonin is also ingested in foodstuffs such as
vegetables and fruits, from a nutritional point of view,
melatonin can also be classified as a vitamin.

The goal of this review is to summarize the evidence
related to the utility of melatonin as a therapeutic agent
by focusing on its other potential uses besides biological
rhythms. In particular, its use as neuroprotective and
bone-protecting agents to diseases including dementia
and senile osteoporosis are discussed. Also, the role
of melatonin in edible plants and the improvement of
life style for augmentation of melatonin in the body are
highlighted.
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Rhythms of Autonomic Nervous Activities
during Sleep in Humans Exposed to Stress

Masanori Nagai
(Yamanashi Institute of Environmental Sciences)

Surveys. on sleep carried out by the National Institute
of Health of Japan in 1997 and 2000 have shown that
the sleep time is significantly shortened in these 3
years over all Japanese generations and more than
50% of Japanese feel their sleep insufficient (Table).
Shortening of the sleep time deteriorates the quality of
sleep and causes mental and physical degradation and
finally a social loss as well. Responding to these facts,
the Science Council of Japan has proposed a motion to
advance researches on sleep in 2002.

To improve the quality of sleep, shortening the onset
of sleep, deepening the sleep, and decreasing the time
of waking during sleep are expected. The disruption of
the activity pattern of autonomic neurons in the heart is
a cause of heart attack during sleep, therefore, to keep
the activity pattern of sympathetic and parasympathetic
neurons in the heart is also important. In humans
exposed to stress, the activity of parasympathetic
neurons in the heart does not increase during sleep.
Consequently the heart rate does not decrease, either.

Inhalation of the odor of lavender is generally
accepted to be a psychological sedative. We examined
whether the odor of lavender, with sub-threshold
concentration, ameliorated the effects of stress on the
quality of sleep and cardiac functions during sleep.
Participants were divided into two groups, those slept
with stress (STRESS) and with stress and lavender
(STRESS+LAV). In STRESS+LAYV, the total time of
deep sleep (slow wave sleep) was longer and the time of
waking during sleep was less frequent than in STRESS.
Therefore, lavender improved the quality of sleep in
humans with stress. During normal sleep, the heart rate
continuously decreases concomitant with the increase in
parasympathetic nervous activity in the heart. However,
in STRESS, these changes in the heart rate and cardiac
parasympathetic activity were not observed. During
sleep in STRESS+LAYV, the heart rate decreased as
in normal sleep without stress. The normal pattern
of autonomic nervous activities, i.e. the increase in
parasympathetic and decrease in sympathetic nervous
activity, was confirmed in STRESS+LAV. Results show
that inhalation of the odor of lavender ameliorates the
influence of stress on the quality of sleep and autonomic

nervous activities during sleep in humans. Results of
animal studies have recently shown that stimulations of
olfactory neurons affect the activities of brain regions
in which biorhythms for sleep-wake cycle and autonomic
nervous activities are generated.
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= program —

Opening Remarks: 13:00

[ Session1 ]

Chairperson: Dr. Masanori Nagai (Yamanashi Institute of Environmental

Sciences)

Biorhythms and Melatonin (13:05~14:45)

Dr Jack Falcén (Laboratoire Aragd, Banyuls-sur-Mer, France)

Discussion (14:45~14:50)

Tea Break (14:50~15:00)

[ Session 2 ]

Chairperson: Prof. Atsuko Suzuki (Health Science University, Japan)

Melatonin and Anti-Aging (15:00~15:50)
Prof. Atsuhiko Hattori (Tokyo Medical and Dental University, Japan)

Rhythms of Autonomic Nervous Activities during Sleep in Humans Exposed
to Stress (15:50~16:40)
Dr. Masanori Nagai (YIES, Japan)

General Discussion (16:40~17:00)

Closing Remarks: 17:00
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