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The effects of 72hrs isolation to the constant dark and
silent environment on human sleep wake cycles.

Tadao Hori and Mitsuo Hayasur

Abstract

In order to determine the effects of disentrainment environment on the human sleep/wake cy-
cles, somonographies were recorded during 72 hrs of social isolation on 7 subjecis. During dis-
entrainment subject were confined individually in an isolation chamber under a condition of no
time cues, constant darkness and silence. They could sleep, move, eat, drink and use the toilet
facilities at any time. Singing, humming or any other vocal activity was "also permitted.
Subjects were asked to press the micro switch, bandaged on the left palm, whenever they have
an experiance of hallucination.

Two of 7 subjects gave up the experiment. One switched on the break out singnal at 7 hr 35
min and another one at 35 hr 24 min’ after the start of disentrainment condition. The data of
those 2 subjects were omitted from present analysis.

The patterns of sleep and wakefulness were clearly modified during the disentrainment
period. Polyphasic sleep patterns and hypersomnia tendencies were observed. Eightytwo per-
cent of waking periods and 72 percent of sleep period were less than 4 hrs duration (Table 1).
The distribution of sleep onset times did not differ across the 24 hr-day and the over all ex-
perimental period (Table 3, Fig. 1&2). Average total sleep time increased to 41.6 hrs, account-
ing 57.8% of the 72 hrs. This hypersomnia tendency was remarkable in the first 24 hr-day
and decreased gradually in following two 24 hr-day (Table 2, Fig. 2). An usual circadian pat-
tern in the duration of sleep periods could be seen in the Day 3 (Fig.3). Even in the third 24
hr-day, the total sleep time still showed, however, a clear prolongation 48 % over the normal
standard value (Williams et al 1974) . These data showed that an ontogenetic regression of
sleep-wake pattern was observed under the constant dark and silent environment.

To demonstrate the changes of hemispheric dynamics, EEG laterality index score (LIS) was
culculated every 30 min from Cs and C: power via FFT. The trend component of alpha or theta

band LIS tended to increase (positive shift) after 30-40 hrs from the start of disentrainment
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condition (Fig.5). These positive shifts of LIS were observed in 3 of 5 Ss. Corresponding to
this, the occurence of hallucination signals increased from the first 24 hr-day to the third 24 hr-
day. Most of signals appeared in the later half of the experiment (Fig.6). These behavioral
tendency suggest that the right hemispheric activation increases in the later half of disentrain-
ment period. It migﬁt be corresponded to the positive shifts of LIS initiated when a subjects

past a half way point. Psychophysiological aspects of LIS shifts were discussed.
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Table 1. Frequency distribution of sleep and waking periods by hrs durations
and by days (24 hrs) of occurrence

Number of Sleep and Waking Periods

Over All Exp. " Each 24hrs  Periods
Periods 1st 2nd 3rd
Duration
(hrs) Waking Sleep Waking Sleep Waking Sleep Waking Sleep
<1 20 14 10 3 4 2 6 9
1-2 16 16 6 6 5 6 5 4
2-3 14 10 4 4 7 4 3 2
3-4 4 9 2 4 0 1 2 4
4-5 6 1 2 3 1 2 2
5-6 2 2 0 2 1 0 1 0
6-7 2 3 0 1 1 0 1 2
7-8 0 1 0 0 0 1 0 0
8-9 2 3 0 2 0 1 2 0
>9 0 3 0 1 0 2 0 0
Total 66 66 23 25 21 18 22 23
Table 2. Average total time for over all disentrainment period
and for each of three 24 hrs periods
Total Sleep Period
Length (hrs)
Over All Exp Each 24hors Periods
Subjects Periods 1st 2nd 3rd

1 43.8 (60.8%) 18.3 . 14.0 11.5

2 41.8 (58.1%) 15.7 15.7 10.4

3 39.9 (55.4%) 16.2 11.6 9.1

4 39.9 (55.4%) 16.6 13.1 10.1

5 42.5 (59.0%) 17.2 13.9 11.4
MEAN 41.6 (57.8%) 16.7 13.7 10.5***

SD 1.51 0.92 1.33 0.89

***p<.001, Ist 24hrs vs. 3rd 24hrs
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Table 3. Number of sleep period onsets for over all period

and for thirds of the 72 hrs disentrainment

. Total Number Sleep

Onsets
Over All Exp Each 24hors Periods
S}lbjects Periods 1st 2nd 3rd
1 14 4 5 5
2 15 5 4 6
3 13 6 3 4
4 10 4 2 4
5 14 6 4 4
MEAN 13.4 5.0 3.6 4.6
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Fig. 2. The alternations of sleep and waking periods for all subjects.

Histgram at top shows total number of subjects asleep during any portion of each hour in
disentrainment. Black bars represent sleep periods, white bars represent waking period for
each subject.
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Fig. 4. An example of the fluctuation of the EEG laterality index scores for over all ex-
perimental periods.

Two curves above the LIS curve are the fluctuation of alpha band power (8-13Hz) from
about 1 min EEG sample at every 30 min. The LISs were computed by (L-R)/(L+R). v
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Fig. 5. An example of the temporal behavior of theta LISs for the 72 hrs disentrainment.
Note the trend of LISs fluctuation (smoothed mesor) tended to shift at the 36 hrs from the

start of the disentrainment and remains at this level for the last half of the experimental period.
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Fig. 6. Frequency distribution of hallucination signales during the 72 hrs disentrainment for
one subject. Shown below the histgram are the sleep periods (black bars) and the waking

periods (white bars).
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THY, ABELBESEBMICUILAERBRED G RE P o7, LL, ABLIOEK
BEIHEIRZDLL Y (Table3) DICRY VHILEIGRHIVALOIT, ©LAE2H, &
3 HTHMT AEANA SNz, ZOLEABRICEMBEIEE L TWEIEERLTWS,
HERAROSERE HEE) ICIHLOEAZENA SIS, 3 HHIZR A EBEKI R
Wo T, HIZRTWA"EZX B2 eHEL, 2HM+RETORBICREREZ L {EH
i R AW AN

# =
PASHIRIE CHEIR - B X a0 2R L, SHEERD /<% >~ ’F:T'?\_ B L >
ENETE7 (Solomon et al 1961), HHHFHT CHIHSWBHEORZIZEI NS E, 2%
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L UBRIR b EEE b FHi AT 5o EMILIEE % 21k L72BARSfF (Campbell 1984) D J
ﬂ’fﬁﬁb%?ﬁbf:%ﬁ {Campbell & Zulley 1985) X h b EHTH 5, EAESLM TIZHEAR L ER
DVFR S FEEAT 4 heRiE D b DN EFEDB0% Z DT 5o HHERMTIHE 4 heRiEOREIRI
24k068% T D, BEHIOFIESL.9 hrThDHEIHHE, FHELIBHSATVE L
Do b, SHEOBEBTIE, 4hrkFOERAFEDSHEEIRT2%, KEHM2%TH 7,
Z DRI Campbell (1984) DMEEEEAR G L b b ERLIIBIM SN TB Y, Campbell &
Zulley (1985) D HMASKMGISEV, HHLEROXRTL Y bEBDOTR L) RTOFHDS, B
R - HEEOTEHLE SALIEVWEEN L O I XIS S,

SEHEMREF I CHE T2 &, Campbell DEARZSAF C13FEH28 hr CEHIML (60 hr) D47.6%
1224 %, Campbell & Zulley® HHI S Ci3 531 hr CEHAME (72 hr) D43.1% % EEREHASS
DTVAE, SBIOER - BHSEAETIZFIY41.6 hr TLHIE (72 hr) D57.8%%5DTED,
HHESGERBELT, Bo»2BRENIED 55, HEREEOMKIZER & EBEORITET
BOAXLELRLTEY, SRCBENMOEN LBRERN: —BHROIHEIHLEEX
%o -

Ryback & Lewis (1971) (3385 5B DK ERZITV, BAEHOUBEAS17TAEB L 198
BEA527HHOHIMIZE 1 M OB MERYEBHE L T\ 5, FHHERREMH12383.3 min&390.1
minC, ZiIFIEHER D404.5 min, 2 BT TSR L7z BIHA D397.91 min, 400.8 min&
HELZEIZDLNTVERY, TOEEBRTIHAFORRIZEE S, 23:00 T 6: 00 &K
DETFE) ZLHPRI- T, R UEE2 ) XLRELXFRALTTVELRAZENTE
BEI TR oTV D, o TRURZ T OBEMENH CIHBRCIEBROSHLIFE LRV, L

L, Ryback & LewisDEE IR ORBENEL 2O T, RRARERITZZ LD
BiREoiA TRV, TOHEIZOVWTH, FHFEEOEMEEREDRY 757 1+ BEEILR
bo ABHICRAFCHEX ROV TEBENER SN TWD DS, HIT - BEFEIIEHROOI TS
D, EHEEORANT OHAE L RN TWwD, 7273 am L EHPZIEEh T
S EHHIBEGTH D, CDLILRRT CORRIIBET S, BIEABHORY) 75 7 45
FeTId 7 BEIERTSET A Z DSV, MHD 3 HHOEREH*SROBHE BT L L,
Hmiie, (1983) OREEE 6 BDOFYIL, 1 B EAB75.3 min (40%), 2 H B A%465.5 min
(32.3%), 3 HHEA%55.2 min (31.6%) T 3 HREIDAEH31496 min (24.9 hr) T72 hr®
34.6% MR TH B, WH (1986) DRFEH 4/NOHE S 1 HEA682.3 min (47.4%), 2
H B 4%615.3 min (42.7%), 3 B B4%14.3 min (42.7%) T, 3 BE®4&5HX1911.9 min
(31.9hr) &% 072 hrD44.3%IZHY T %, BIREAMI R LA ZKEH (1983) D450
H#T12, 1 HBE2'875.8 hr (60.8%), 2 HB£%680.3 min (47.2%), 3 H H%545.3 min
(37.9%) T, 3 HEIDAEH2101.4 min (35.0 hr) T72 hr?48.6% % TV 5, M
CREEEGHEYANZBELRLTVASDY, ThRROISEORERLLEREZ EOFHED
BVR, BAEZORBELAHEDEVIZIANDEEZIOND, Z0L ) LHESHDITE L, B
EHIGBIEARI 5 L3O TLVES S, WIFhoREd 1| B EOBEIS R EHT, 2
HE»S3SHBIZ»ITHAL, 3HBURBRIIERFRELAERELELEANTWE, KA
REOBG Y, FLLTRBELOEMOSH LB L, BVROKMNERBIIEHI LRI >T—
B OERAH (hyper somnia) B, FOH—FETTHELITHDTHAHL LT
5o ZEMT L Williams et al (1974) OFMESDEHMEL H20.7% (512 min vs 424 min) %
{, 10FRAIEOESITHLT 5, ZOBEORFITEFER ORKEREIHY L, BED,
AFELAGHFCEBLS A 2 VEREOEHNL, BOMROKBIZHLLEZLTVD, &
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HOBEFFRIL L IcExTHSE, 1 HBEH002 min (69.6%), 2 HBH882 min (57.1
%), 3 HEA%30 min (43.8%) &7 b, 3 BRI DEEX2496 min (41.6hr) T72 hr?D57.8
%IZEL TS, 3 HBETHWilliams et alDFHEL D $48.6% bFWEEXRLTEY, K
HD3ABUBROFEGHEEL ) 6 E5IC23% S WHTH 5, MR LB 5 L #20% DI
RAEARET B, TR LD ICEFRESAAETRREZER LS (Campbell 1984)
L L%V3E4 (Campbell & Zulley 1985) TDEIX 5 %RBETH L2 0, BVEME (HoWiddE
BHROME) RENBORENIIL > TE6Y, HANBEROENEBERE L6 LAL0
LEZBTENTEL, BERELERALTAMERETHHLDEIRI4.7%TH Y, EHEUE
EHARTH10.2% 5\, HIFEMAAT2 RN -5 TEEFIROMELZERLTH, SOIOHE
BAEITERREAEN DO L DTHHEES-TEIVTHS ), SHEDKETIZ24 hr
TLICAE L IBRE I HREN 2 HE LI T TH Y, KADHEET A FEMIC20%EBE
A ke (AEORKERE) FTHEIHROP, TREDBFVKELTHEIZ»IHL
P TiEV, -

4E, LR SIS T 530 hrd 540 hefFB LA T, BREVFERLTEET
EFIRRBLERS LW IHE (MR 2T5I LA Eholz, TOMEMTRENELZE
BBOEBEIEFADOKENS 0 LW LIEOKEIZ LA T 5OMNHBI NI, SODFEAXT
BIREATR OB LIRIERORE, EOrIALIREHORE LT 50N —EWTHS
(Wiet 1981, Tucker & Dawson 1984) . EERBIFIIESFEREIL L, O LI EEIEBDHE
BTHIELTW 2 L el Aaons, HBEIAPLELVLIEDEBAY 7 L2 L
2, BEROBHICL B2HEL, EFROBRESMERLISGEOVWTNTOERT S, A
EEIRZRREORTHIE, ) TR, HHRETOIERT S, EBREFHNELZ L LER
HEFELIREDE X, BHHEOREE I PFDELLDRIZLEA LR, L)HF S Y OHB
RIS OPEAERBOMRLY 7 + 3 2 M S ARERII TR 20T, Hiftks
FRTHICIBRIZZ LYV, &L, SEEHOBRISCOBEISEITTAZERXELD L,
BLEF30 M BERBTAHE, EFRBHESETL, TOKREHME»T 7ML, SHERE
DR =L EZDFHPREDESICBbND, 7 AL EBRH R KRB OPEA L
JBL22b 0%, REFREOMENZ ORMT CHEEL LSO, SHOKR,SIHL
PTREV, UL, SEOERTERKE LABREE, FEMAAL Yy FE2ANS30 minfe
Wb, ETHEREZITD, FOFRRTIL, EHL2T5, 4 LLBELILE0HEE
BEZRL, RPUETHAONEL RoTARA v FOREFIVTVE, DL ) LIFEIRE Il
SZWRRALON Dol BERIIHERDORANEL <, BEALFWTHAIEIITE L H,
o=, 1BAHELLERERwEALLEZATHY, V7 FOBERBFICHSLT
Vo RIS, 30 hriBiBT 5 L IEBIRESRET S L LT, TORBYRMLSEF >R
SNTIHETHICED, HHEWZ, boiXSEAERICHMLZSE I EROIBICH X
GNEEXBIERTERVWTHS I Do &9 LEEINTETHNIE, EEBRBPITFET
B & LBRHMABICBRBESE L WS L 2S5, 230, FIMHLED O BT ST
B & LCHRR & BEREOLF L Vo o—RFE L7278 L Hhizas, RIBMRZKEAHRE
AR TER S, REBEOET & EEHNROBRRIC L 5 0RZEOEE TIEEDITEIE
U, BEMICHEBRECHR- 200 LELIOND, BITPHBITH CRER MR TELV,
5, HBROI I EbDWY, B2 LR EDHREIK /25 ICIMTHORRIE 2l
{oTLEH). BCOWNEICRELEHRE IS LTH UM T HABARRTHRLL DD
B, ERLEZTELEEDbNL, HBMEAELHTS LREFRET S (PMR1982) L)k
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o RESEMOMBIGBIENRE LR, RATARY»FEET S (Solomon et al 1961) &
WIS, CORMPEHTLIICEDRD, D%, ABHBEERTE b7,
HHWIL, EETEREOTEIETLT, HHRENRAZBR DI REFBE L,
BT ENTED, CORRHENDLICIE, BEMEREL CEETED R 515
BRI, BIERMOMRE, EERHMBEOREY S LIRITILENDS ),
LHEOEREYTLOL L, BREABERBICITTAE, L MURATOSHERD L S ST
BIE & RRMERE T LDk, BE - Bl Y ICH L 2B RE R b, &
DBZIHERSEESTELERT, K CHAMREE L EHHRIES LTWwa 2 Ehbdo
2o EERBIMHA 530 hrd> 540 hr CHEIE DR IR N B ICEALA AR LN, T OZLDREN
DTS WERII OV TETOZELMA o

FRZIE, 6] - 2EE XM ARFEMARMBE (— 7B, BREEH 561450016, FK
% BIERK) OB ZITIbNbDThHE, T2, EEBOEHEIOBEROERIZES
ITHEOKRE ¥E, BNBEEOHH21E:, RLTEHOE®*RLEY,
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