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Yasuniwa Y, Izumi H, Wang K-Y, Shimajiri S, Sasaguri Y, et al. (2010) Circadian Disruption Accelerates
Tumor Growth and Angio/Stromagenesis through a Wnt Signaling Pathway. PLoS ONE 5(12): e15330.
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KO EIREE
Aggression, Suicidality, and Serotonin

V. Markku 1. Linnoila, M.D., Ph.D., and Matti Virkkunen, M.D.

Studies from several countries, representing diverse cultures, have reported an association be-
tween violent suicide attempts by patients with unipolar depression and personality disorders and
low concentrations of the major serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA) in the
cerebrospinal fluid (CSF). Related investigations have documented a similar inverse correlation
between impulsive, externally directed aggressive behavior and CSF 5-HIAA in a subgroup of
violent offenders. In these individuals, low CSF 5-HIAA concentrations are also associated with a
predisposition to mild hypoglycemia, a history of early-onset alcohol and substance abuse, a fam-
ily history of type II alcoholism, and disturbances in diurnal activity rhythm. These data are dis-
cussed in the context of a proposed model for the pathophysiology of a postulated “low serotonin
syndrome.” (J Clin Psychiatry 1992,53[10, suppl]:46-51)
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« EEIHELEEZHIER T S, Jerome Siegel [(EIMTHELEDRY OHEREMRAD THAYIEVLVIBIXDEEZ
[MHELEDIRY DEEEILFEZHD > TGN, BLDEHRM., /UL LEROFZEFTRILF—REFLH
ERDEEICHHELTINSD,

. %AH%E%%EE] LTI, EEER OB EANGIDE %1, BFFORERTRE, BRIFEOHEZREIETS
e o

- BELAEARZRARTE RYDELEEIL, Fin, FEDKES, BENKENEVNOI-ERIREE,

REl. BIRGFTOZTEEICEAEL TS,

« RYIZ{DHAEZTET D-OICHERLZRRET, BEROENICN oD ZLDKENEICL - TE
BROTHAICELZTERLTNG, 1EFED,

o IKL[ZAXTIL.
- THHRDEREZAREN TR HBE NGRS, EREITIEDGL, |
s TEBETIIRRYDEIBAEDKRESERLEFIT S, |

o« THF BOKEMBEIEZRE, BELEIIRREREL LEREZE S 40, IRY ORI B ERRE &
BRI, AN ESWNFEEL 1BEBORERBIEHAIELT7ZoT7Y D IE1.8B/TI=A. T3 F AR
A ZTI£8% (Zepelin et al 2005) ] &IEHEL TLVAS,

. 7(&‘?33?:%&%&E‘J)l:ttﬁﬁﬂ‘])ﬁ&‘ﬁﬂ‘]t%i%hfb\é?:b‘yh'ﬁliIzAEEHR%#‘%L%#&%é*L’CL\%
Jha, et al, 2006) .



prove in the dolphin, the primitive long-nosed echidna and
Domesticated sleep , .

A pet cat will stay awake during S the duck-billed platypus, all mammals share the same
Zhue nfz I;f:?;sri ’E’;t:"l?’;t‘t‘;;”ﬁ 3 alternating pattern of slow-wave fast-wave sleep.
hunt at night. The domesticated cat
has swapped rhythms of sleeping and
waking. But even during the day, a
well-fed cat will make the most of long
drawn-out naps, only stirring to walk

over to its cat dish or for grooming.
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KEMRELZE

« KEWBEEDS570F8 (MIVAh, 99F) TR EIORMEERARIKEER/ \3— %
2L, )%') DXL EEE F—> DR EE RS ZEHTE S (Rattenborg & Amlaner,
2002).

« cNLDREDERF, WMOIEFEIRT HT=-OIZKEHESTHIEL TSP LY ik<MLT
HY, FERFIEARRLTLS. LT, FEELTWSE O RXEIO KiNF Bk aEREL
TULV5 (Lyaminid, 2002) (E6) .

« BHEIVVSEHTIILVLERIXIFEAEBRESINTLVEL (Lyamind, 2000).
o YT T1—HREIFRDOFRKEERZ 29 5 (Mukhametovrab, 1992),

o PHSLUPTIANTIRKPEFRBLELEREEETIRUNRELS, KBEFRICIEZIOD
BRI AIFEBRORFERZZEL, L LEERIXIZTEAEROT A, B EEFRIC
(iﬁgﬂ“@ﬁﬂﬁ#ﬁkb‘ﬁd&ﬂiﬂﬂ’éibs LLREREEOHSHERESNTLVS (Lyminet al
1996).

c DFAICLTHRE, KERLETROLND FAEROB KBRS, EEABLY
I=&C33BETHH-LERLIHH T, BRT NI, BIZROHHHHEHES
BEoTNBDIFE, EME->TIEH I TR S S AR A3 5.
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*FHRIFYPHEAGERVET TOS [ BT RERET H LM TE, RULGH LIRS EHHFE
HEBBIITUVDH, BTREHER NS RIZEEAGESh TUVEL.

-HHEDOEETIIRAOXKBFERIIRREREZ 2T 5 (FAIFBRORIEEER : Rottenborg 2000).



FIGURE 5. Schematic depicting the effect of position in the
group on unihemispheric sleep in ducks sleeping in a row. Ducks
at the ends of the row perceive greater risk and therefore spend
more time sleeping unihemispherically with one eye open and
show a preference for directing the open eye away from the other
ducks, as if watching for approaching predators. Adapted from
Rattenborg et al: Half-awake to the risk of predation. Nature
397:397-398, 1999; and Rattenborg et al: Facultative control of
avian unihemispheric sleep under the risk of predation. Behav

Brain Res 105:163-172, 1999.
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*FHRIFYPHEAGERVET TOS [ BT RERET H LM TE, RULGH LIRS EHHFE
HEBBIITUVDH, BTREHER NS RIZEEAGESh TUVEL.

-HHEDOEETIIRAOXKBFERIIRREREZ 2T 5 (FAIFBRORIEEER : Rottenborg 2000).
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E%%&w{ﬁlﬁi&ﬁﬁﬁﬁd)lf'j—(ﬁ@@fiéb\ ?) & MERZRFAT TV E=REVEENEREShT
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4 a)g | 5-

HEREOLLEREODELEHMIFIELIVEVLL HEIBETIIIIEY—FORIN /UL LE
RMD2.59(=xL, LLERIKIOFHEWLSHEELH S (Amlaner, 1994).

-Rattenborg 5 X EBEFEIZHI4,000 X OA—FILERBET 5B EZ L DIV M (Zonotrichia
leucophrys gambelii) TFE - EIRRE N EEA . FEB R AR (X —BREEARZHIPRL /=727 THIERES
ERIGHERBEHOND DD, BE AR P IC(XERFM A 2/3ICSHADLTHRICIEXDERSER
AR - B &34 LT= (PLoS Biol. 2004 Jul;2(7):E212. Epub 2004),
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ARTICLE

Received 18 Feb 2016 | Accepted 6 Jul 2016 | Published 3 Aug 2016 DOI: 10.1038/ncomms12468 OPEN

Evidence that birds sleep in mid-flight

Niels C. Rattenborg'*, Bryson Voirin"2*, Sebastian M. Cruz3, Ryan Tisdale!, Giacomo DelOmo?,
Hans-Peter Lipp>©/, Martin Wikelski®® & Alexei L. Vyssotski®

Many birds fly non-stop for days or longer, but do they sleep in flight and if so, how? It is
commonly assumed that flying birds maintain environmental awareness and aerodynamic
control by sleeping with only one eye closed and one cerebral hemisphere at a time. However,
sleep has never been demonstrated in flying birds. Here, using electroencephalogram
recordings of great frigatebirds (Fregata minor) flying over the ocean for up to 10 days, we
show that they can sleep with either one hemisphere at a time or both hemispheres
simultaneously. Also unexpectedly, frigatebirds sleep for only 0.69hd ~' (7.4% of the time
spent sleeping on land), indicating that ecological demands for attention usually exceed the
attention afforded by sleeping unihemispherically. In addition to establishing that birds can
sleep in flight, our results challenge the view that they sustain prolonged flights by obtaining
normal amounts of sleep on the wing.
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BRD2.557 1%L, ULEERIEZFELSHEEEH S (Amlaner, 1994).
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leucophrys gambelii) TFE - EIRRE N EEA . FEB R AR (X —BREEARZHIPRL /=727 THIERES
ERIGHERBEHOND DD, BE AR P IC(XERFM A 2/3ICSHADLTHRICIEXDERSER
AR - B &34 LT= (PLoS Biol. 2004 Jul;2(7):E212. Epub 2004),
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2011),
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FIGURE 3. Emperor penguins (Apztenodytes forsteri) displaying
the typical avian head postures associated with wakefulness (right)
and sleep (/eft and middle). Reprinted with permission of Grass-
Telefactor, An Astro-Med, Inc. Product Group.
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Here, we explored the use of UEC in
juvenile saltwater crocodiles (1) under
baseline conditions, and in the
presence of (2) other young crocodiles
and (3) a human. Crocodiles increased

Kelly ML?, Peters RA!, Tisdale RK?, Lesku JAS3, Lhe amoun('; of UfEC " .reI.Tpon.se to(;che
Unihemispheric sleep in crocodilians? uman, and preterentially oriente

J Exp Biol. 2015 Oct;218(Pt 20):3175-8. their open eye towards both stimuli.

unilateral eye closure (UEC) has been observed.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kelly ML[Author]&cauthor=true&cauthor_uid=26491191
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peters RA[Author]&cauthor=true&cauthor_uid=26491191
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tisdale RK[Author]&cauthor=true&cauthor_uid=26491191
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lesku JA[Author]&cauthor=true&cauthor_uid=26491191
http://www.ncbi.nlm.nih.gov/pubmed/26491191
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A7DIRY ?

HHFED A 1 (cuttlefish Sepia officinalis) TIXERY &&E Z 5N bEEH
HIREEMNERESN ., LMD RRBEEEEF SL LBIRDEFRESND
ﬁ'ﬁ@ B4 Iy 47 (twitch %éb\(i jerkEFRSND) DIBEIZZEDH HFEHHE

o=, SBIZCOU LR EE Z b SHstate TITFIEISH TULVE
L\f" AT EFERONGELN I - TRENBIZRG D L
LWOYOZEERELSD., CNITEFRMEEDphasic (—@&E. FHENRY) 742
EENEIE A A5 (Frank 15, 2012)




Figure 1. States of arousal and quiescence in the
cuttlefish Sepia officinalis.

Cuttlefish exhibit clear periods of activity where the
animals actively swim (A) or hover (B) and periods of
quiescence (C) where they lie on the surface or are
partly buried in gravel bedding with closed eyes.

g o \
,g' A

.Swéﬁﬂn(e’ﬁta‘te% in” ttlefish Sepia officinalis. PLoS ONE. 7(6):e38125. PubMed. Seibt J,
Dumoulin M, Aton SJ, Coleman T, Watson A, Naidoo N, Frank MG. (2012).



Chronology of sleep-like behavior in representative cuttlefish ‘Tiny’. Animal is oriented with head
facing upper right corner of the frame. 0:00-1:06| Quiescence (sleep-like state), 0:07-2:09| Sleep-
like state+CA (activation of chromatophores, movement of eyes beneath lids, small movements of
arms, 2:10-2:45| Transitions in and out of arousal, 3:34-| Quiescence resumes.




Chronology of sleep-like behavior in representative cuttlefish ‘KY’. 0:00-0:29| Quiescence (sleep-
like state), 0:30—-1:03| Sleep-like state+CA (activation of chromatophores, movement of eyes
beneath lids, small movements of arms), 1:04| arousal.







« 77 (Anderson, 1968), /\F (Kaiser, 1988), % 7"') (Tobler, 1983),
J\I (Hendricksin, 2000:Shawi, 2000) 2L TH YV (Tobler &
Stalder, 1988) T, TNZENFE LT ZEBTREAMIZENIZZY, F

BADRISTENREEL, £-EPNITEEIC
MNEILNTLNAS.
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FIGURE 6. Wakefulness (4) and sleep behavior (B) in the bee,
observed during the day and night, respectively. Note the lowered
head position and immobile, drooping antennae in the sleeping bee.
In comparison to wakefulness, bees in the sleep posture have higher
arousal thresholds. Reprinted from Kaiser W: Busy bees need rest,

too: behavioural and electromyographical sleep signs in honeybees. ]
Comp Physiol A 163:565-584, 1988; with permission.
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Do all animals sleep?

Jerome M. Siegel

Department of Psychiatry, School of Medicine, University of California, Los Angeles and Neurobiology Research (151-A3),

WA-GLAHS, North Hills, CA 91343, USA

Review

FRgure 1. Light sleepers: animals that show litfe or no sleep during migrations, in
the postpartum period or throughout their lives. {a) Commerson’s dolphin; (b}
bottlenose dolphin Tursiops truncatus; (c} and {d] killer whale Orcinus orce being
born; (&) bullfrog Rana catesbeiana; (f) white-crowned sparrow Zonotrichia
leucophrys. Rana catesbeiana photo courtesy of James Harding: killer whale
photos courtesy of SeaWorld, San Diego.
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