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WHLNIZDTH B, FREREY? 5 B1IATAIZERET R ICBIETE 3N FH-TWVEZ LD bA o1,

Studies on the Circadian Rhythms of Man under the High Pressure Heliox Environment (11 ATA)

Kunihiro Seki’ 3, Hideaki Nakayama™ >

Experimental study of the simulated saturation dive, to which 4 divers were forced to live under
the high pressure 11 ATA environment, was carried out during the term from Nov. 29, 1976 to Dec. 15,
1976.

Circadian rhythms of 4 divers, in sleep through the night, were polygraphically recorded during
the term. At the same time, relation between those rhythms and the physiological, psychological data
at the hours of awakening was analysed.

The results obtained through the experiment above mentioned are as follows:

Circadian rhythms of 4 divers in the natural environment are kept in harmonized good state of
physiological conditions.

Those rhythms are disturbed when these divers were forced in the experimental states, such as
simulated saturation dive, high pressure He-O, condition, etc. However, after spending some term, their
circadian rhythms were recovered from unusual state, and kept again harmonized good state as before.

Thus, we can easily recognize the cases of astronauts in the Apollo-Plan or aquanauts in the

Seatopia, and finally, able to say that the living body may have ability to adapt oneself to the unusual
conditions like in 11 ATA etc.

1R, HERINTHRARE R O RFEEZO 2 *2 BRSNS
[ KEEHE ABKIEEY R T LOW%ERFE] O—B *3  Manned Undersea Technology & Engineering Department
&'. bf%jﬁbfﬂ %J @T%E)o
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5B LT J. C. ROSTAIN 52 B3 fafn#k
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COXIBMIRDODBLEEDEENED LB X
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DEEAEERE, FEKNE, BERMZEET S
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7YY XA (HAY X4) OFBAKEARY L1,
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REZ ek, F/-REHEKRRICGGHIEE®RL /-C
F F{# (Critical Flicker Frequency) 3k U'H

W : WET CHAMBER 50mm
S—1: NO1 SUB CHAMBER oM
D-1: NO1 DRY CHAMBER 20M°
S—2 : NO2 SUB CHAMBER om’
D—-2 : NO2 DRY CHAMBER 28M°
S.L.: SERVICE LOCK

MAX.WORKING PRESSURE: 51 ATA

S.L.

5
N

10100

1 BKyIiav—4—%&E (®RAKME 51ATA)
Undersea simulator of JAMSTEC (max. working pressure: 51ATA)
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(1) S-1F = Y/ N—ZEREIT, TR P& A /35— RIBHIEE D 72D DERFEA A i Vv 2 = TR
Dr4 VL, Ve —13EIC{EH KBRS TET, CO, BLU N, ODFIEH R 7 o

(2) D-15F = /N—IERMET, 4ED7 R b NI TT 40—, BEED-1Fx //N—RITEE
N AN—DEEE, BE, HERABAZICE INEeEERwVY—, BERBEABESZ®
ﬁﬁ Fﬁ sz-:o

B) Wy bhFzy —WIHBMARPT, L¥ X 2 i3fafnEKky I ab—va 077 >4
DN ESAREERD, BKIEERICEH WeERd. 2HEOEETOERERE, 7HED

+
| o—e PO 2
+~—a PCOs
12
| * o B
. O
~ N
5P
s \._,FH
tH
58 )
i3 _
~ " :
o
y :
X /——v/\\
B
=, A
m@% n \/ 90
!
- NEUE 58
ol m\‘!-_ N __ "'E ~
23 [ e )i
Sl ' m
T e / o
n 20
o 40 o s -
[ D
BK L 0 . .
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Diving profile and environmental parameters (SEADRAGON-I, 11ATA, Dec. 1976)
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SEADRAGON -1

|\ = item ¥ (il value !
E H
PRESSURE 11 ATA (100m)
PO: 0.30 ATA
PN: 0.78 ATA
P CO: 0.003 ATA
TEMPERATURE 29115 °C
RELATIVE HUMIDITY 45— 85 s

x1 BE~5x—49— (VYy—F73T3v~-1,
1976 £12H )

Physical parameters of the hyperbaric
environment (SEADRAGON-I, Dec. 1976)

FAMS A= S 5 A A TR
Subject Age Helght Walght Eur:lé';sn Areaa
{yzs) {cm) (kg }

A 33 182.0 86.0 2.08

B M 163.0 60.0 1.64

C 33 168.4 61.0 1.69

D 28 174.5 65.8 1.80

K2 TAF e TAN—DHBERFEH (Y~ F7
av—1, 11ATA, 1976%12H)

Physical characteristics of test-divers
(SEADRAGON-1, 11ATA, Dec. 1976)

1TATAC100 m) DEFE~NY w4 -BBREBEH X
EiETOEAER, 5 BoBEERE&EL, Bt

BT, HE (Fx v N—RN) FTERERE 2
EFEﬂﬁ“‘D P
AR i3 120mc3[E, 140mT2[FHEDT

Y AH— a VIBIKEERL oo T OMEHER
1ES1I8m TH D, 120mTik 1 K, 140m™T
133000 ERA - 7o 1ATANGIIATA
OMEXRERERE10m, BEEEIIKEEED
BEZ*ETEELUTER L,

=R 24 ZOEREOEHFHIFE, R3IEID
HARS D 5 2 b 474 N —D S, LEFRIH
EDHRERT -

1 AOREALAIZ 06:00~22: 00D 16L (166F
S ) , 22:00~06:000 8D (8 KrfEHE)

DY XLEME LI, Fx Y N\—HNORBEIRIANES

SEH80 Ix TH - 720
B 06:00 KA,
10:30, &3 [\ 15:

o DRB L7290,
KB IR th O BT R,
%1 EAEEWKL, 520

=34 R &R R

Hours Activity

IR ERUER S E R
0600 B.M.R.;Rise out Of bed: Pirst biorhythmic

meagurement; Oxygen consumption; Draw “ﬂéu]‘m (10mk )}

blood sample (10ml); Bag feces; Subjective
symptoms test of fatigue.

W A
0795 Breakfast
| K2
0745 Undarwater activity.
FoE EREERY £ET R
1030 Becond biorhythnmic measuramant; Physical
exercide.
B £
1130 Lunch
TR
1230 tndervater activity.
O BIMEREBEGA  AERT X b
1530 Third biorhythmic msapuremsnt; Phyaical sxerciss.
1600 Tapping test; Manuzl Dexterity tast; Choice

reaction time test; Spircometryr Physical esxerciss.

1800 Supper; Subjective symptoms test of fatigue.
N

1%c0 Bath
5 48] E M A 3 A

1930 Fourth biorhythmic msasurement; Physical exsrcise.
H / Rfi]

2030 Free time. .
. FERO R Y 75 7 O HI%ELE

2100 Preparing for alactrophysiological recording
for sleep.
B =1-H

2200 IEE?:E to bad; W;ﬁ::n:iﬁqf;r%jwliologiul

racording for slaap.

g% & PP AT A LA

Ilol‘ﬂy‘tﬂlﬁ meAturelent: Heart ratar

W £ ESRE

Respiratory rate; Rectal tesparature;
REETH fiE
Measurement of body weight; Blood pressurai
R 7N wh—

Empty urinary bladdery C.P.P. (Plicker);

MH  FEIREL

=4 pPPG, BOG, EKG, Heart rate, Respiratory

BREEE

& Rectal temparature,

*3 EBRUFPOAREK (Y—F73Y-1,
1976 £12H)

Daily activity schedule inside the chamber
(SEADRAGON-I, Dec. 1976)

30, RUE4lE 19:30& L, 4 FrE304 MR
T1H4EEBL,

A%, RS L CEBE 38 E105E MR
T4 ZEIRICEEEFRL, &ED 1 52HE% T DRA
DORIEME & Lo
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83 J. C. ROSTAIN SO HFEKIC K- Tz, Bk
SR EmZ AL, BHRIBALIIA RO A
- (], st [E] - IR, RIEAT - RERIEICEE
&L, WissFEE L7

RN M A BMEBERZEA L, HIRKD
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VU LED1~3 Hz ODBRELZED 65,

(4) . BPEIM (Stage-M); 75~ 100V Pl E®D
1~ 3Hz#H312~ 30sec Hid %

(5) EXPEIV (Stage-1IV); 1004VE2IED1~3

Hz #5330 sec LI LFsed %

NREMERE BT, I, IBLUNVND
REPR

R EMEPRE ; hIRHEBA TX I3/
BREOKEICINZ, EEKHICIEOERERES) 53
HEL, BRI HEREESHDHEE

R EMEEIR 3 2R SBIREE 2 S BEIR E VD
BT, COREBTREZRZTENEL, T
R R, ORES & BRBRICEE D 22 LSER
NATEDBRMLN T B,

FEERM O (SEIRE DD, BENREM
fEfEH» 5 R EMEET: T2 FRAE LT—RAEL
fzo £ M Tid—A#H90~120 min 283 T & 340
LT 5,

ﬁ B 8 fF & A g ® M
rOE M AR DE m B E "C
B % B dB
() B ¥ &F % 8 T (O) SBLI-DEBR BEATEDLSWRLETWEMNENSI T E)
iZ2WTEHEesslL ¥,
WEFDBL DI >NTEEELFT, PO IERIZZ PO TERAEDS (L T « v o -
* — 1= O EWSRREE%R 1
ﬂﬁwiﬁﬁgﬁ{ o Imufnwgmm¢c@faur?zuo BAAIILCTS 3 SALEBIT L - » - . ..
i L\%){ J'.' "R "j%ﬁ% 9

ETNIE, SOBLI-OREEBRILDLSWNTEN?
MEIlOQEFDITTTEN,

2 . 3 A 2
1 BEMEL 11 &ai&:ﬁ:u_ 21 BAANLNT LN
2 2EATBN @ BETEOE 22 WA B 1 2 3 4 5 6 7 8 9
L‘*%":u% L s i
. N (N) BERDEBRICOVWTHEEL 2T, TOIRE (Fé LLKES
¥ EEEES 2 WEReTS S RgeIREs AW EBCENREESH) CECTHECOESITT
Elng
4 HLUMNTS 14 |t sd 24 WEBELW
R R R 1.2 3 45
5 BEAUZAXRD 15 %ﬁiﬁﬁc 25 Oaipb < c AL DRE 1 2 3 4 5
.-4-%J ek o L 1 § } \
- R E 1B DRS ] 2 53 4 "5
EJ; P ol [P o 1 L e
6 htw 16 C&;E“ﬁ 26 BRrThD
Tas . & 1z N
7 BAo50NB 17 ¥3C2 &2 27 BHF LHT D
BWAZLD + BOARE TRER S BE
EAE C b1 B AR T Bt eEHA . 4 .
8 e g ¥ 2y SeEad ISR il @ Riz®
BHHNRE  MiILE MEHT 2B
9 SHEMELD 19 &EbALELT 29 FIHMNLBiD _
P R (FRNN S  A -4 (IZHLOER - M 2=
10 BEIZZ 0D = 20 RIAHALL LD 30 A AHEE L
£4 HEEERLLA

_Checklist of the subjective symptoms of fatigue
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3 ABRiEmR
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X| 3 13 4 BOWRERDKRERBEIRD.EE, £
5 13T DEEEX#RER, HHEICKS LD

BKEZINT,

MEE#R2BM4 Z20BRELE BBRIRERZRL,
ZOHBIIL & bic, BIShsH D, TR E 3 L0
BE, “A” B’ RUC’ RERBKPOMEE g
LTERE (p<0.05) BHRIRER ZRLIIc, $7-
wmE D’ BEEZERE SNV, BRIKMEE
A b, BREBEP TR, REB" L D”
FETBEPOELEEZRL, K, ®BRE A7

(p<0.05) & “C” KRBERBICLD EAD
NABRENENA ST,

3.2. Bk #
X 4 (3R E RO R DOEERT

4 ZDEDHL, ‘A7,
D 3 ZFINE &R RERZ R L, IER
Rl DB & & SICHRHRZEP O RBEICERT
HIRAINED Nz, F-EERETOEBOF
B4MAHNT, REEE* 2 CRTFx€E/L2H
i SREIRERER DA S lz, BEREBRE, #®
BRICFREGEMLIZ LY, KQTERE K
BUIXBE =R L 72,

=6 l3eE R, SIECE0FEKEDKRS
HERTH D, EE D’ ICIERIAERA2E L
TEAUZA NS> 12, 11AT ARTERIAORE
W BERBERICHR L THEE (p<0.01) &
FEREER (BieE A7, “B” RU C”") %
RUTe U LEREBEALIEEL TEERER
HD LN tz, T HTOEE & BRI —EE

'ﬁB#‘ &tﬁ ﬁC#

FARFAL N
susj,

BE
M
sol .
D 5“" ?&%—‘#ﬁi I I |
~
=
Lo d wl‘ ¥
E H
}4‘ a0 =
3
Ka
~ g B0k
&
E 40 b=
e
& 8o
&
ﬁ a8 B0
=
]
"‘ 40}
40 -
A 50
40 = g‘
30 -
— 100 :
g 0 -2
- & eo -2
T 27 T
W a0 &
= 40 25
& 20 ‘“ﬁ
5 =23
T

D o D1 D2 D3 D4 D5 D6 DT DB DS DWW DI D12‘D3

X3 %%@Fﬁﬁqj@ff@ﬁﬁﬂﬁnﬂ%K%H%@&%ﬁ
(V= F53—1,11ATA,1976 £128)
Mean and S.D. of heart rate in sleep during
experiment (SEADRAGON-1, 11ATA, Dec.
1976)

TR A
SUBJ, .

17 f : i
°l LH—M‘ |
pis| —
LT EER

13

: . | | L
HKHML+JW1ﬂ =4
ol - J

A

18 |-

15 : . .

11]
P T T T
W o @
T

BE 0% £ BREATHS MIN
RESPlﬂhﬁTOR? RATE
i

- -
-
L

D~2 D1 0o D1 D02 D3 D4 05 DE D7 0B D9 DIO D11 DIZ 033

X4 EERHHEPoOKEERICGICBY 208
(V—FZ7a3v—-1,11ATA, 1976 E118H)

Mean and S.D. of respiratory rate in sleep during
experiment (SEADRAGON-1,11ATA Dec. 1976)
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smEr A 52 b 44 8= A

semr 8 5 2 k44 N—B

PEE-DIVE SAT. (F) SAT. (L) DECOMP, POST-DIVE PRE-DIVE SAT. {F) sar. (L) CEOOMP . POST-DIVE
3 days per. |3 days per.|4 days per.|4 days per. |2 days per. 3 days per. | 3 days per.|4 days per. |4 days per.|2 days per.
55.98+2.20 52.?5!4361 B0.27:1.95] 47.66:1.89] 50,1321.27 56.09¢1.70 | 55.05+2.32| 53.42¢1.60| 52.12:0.94| 55.73+0.69
PRE-DIVE FRE-DIVE A
3 days per. A A A A 3 days per. &
55.98:2.20 56.09:1.70
SAT. (F) SAT. (F)
3 days per. 3 days per. .‘
52.27%1.95 55.06+2.32
SAT. (L) SAT. (L}
4 days per. A 4 days per.
50.27+1.95 53.42:1.60
CE0oMP . DECOMFE .
4days per.| & A 4 days per.| A A A A
47.6611.89 0 52.12:0.94
POST-DIVE POST-DIVE
2 days per. A 2 days per. A
50.13+1.27 55.73:0.69
SIBJECT C 5~ Z b 4 A sN—(C SURTECT D > 2 4 A /N—D
{ PRE-DIVE SKT. (F) | SAT. (L) | DECOMP. | POST-DIVE PRE-DIVE ; g:‘l'- {F} 4 S 4 f;;“a?:m : ET::EIJ:E
3 days per. | 3 days per.|4 days per.|4 days per.|2 days per. 3 days per. ys per. |4 days per. |4 days per. :
54.58:5?21 50.56%2,.50| 49.84:1.11| 49.33:1.49| 50.86:1.46 49.64+1.71 | 49.23:1.05| 49.70:0.91] 47.62¢0.99| 50.8621.46
PRE-DIVE PRE-DIVE
3 daﬁs ger. A A 3 days per.
54.58:2.21 29,64+1.71
8AT. (F) SAT. (F)
3 days per. 3 days per.
50.56+2 .50 49,23:1.05
SAT. (L) SAT. (L)
4 days per, A 4 days per.
49,84+]1.11 49.70+0.91
CEOMP. DECOMP . ik
4 days per. A 4 days per.
49.33+1.49 47.62:0.99
POST-DIVE POST-DIVE A
2 days per. 2 days per.
50.8621.46 50.8621.46

e LR ERE
% 5 R IR OKRIERCSICEI B0 MM (>— K53 —1, 11ATA, 1976 % 12H)

Mean * S.D. of heart rate in sleep during five periods
Significantly different on paired t test (p < 0.05) (SEADRAGON-I, Dec. 1976)
sorcr 8 7 A b 54 /N— B

Values are Mean:S.D.

SURJECT A 5~ Z b 5?’xf /N— A

SAT.: ﬁ@*ﬂﬁﬁ Saturation

A :P<0.05, A A:P<0.01

pECOMP.: JRIFHf] Decopression

PRE-DIVE

3 days per.
17.17+0.40

SAT. (F)
3 days per.
15.87+0.77

SAT. (L)
4 days per.
16.09+0.28

DECOMP .
4 days per.
16.21+0.66

FOST-DIVE
2 days per.
17.44+0.01

PRE-DIVE
3 days per.
14.57+0.43

SAT. (F)

3 days per.
14.50+0.81

SAT. (L)

4 days per.
14.29+0.39

DECOMP .
4 days per.
14.47t0.56

POST-DIVE

2 days per.
15.6610.086

PRE-DIVE
3 days per.
17.17%0.40

A A

FRE-DIVE

3 days per.
14.57%0.43

A

SAT. (F)

3 days per.
15.87*0.77

SaT. (L)

4 days per.
16.09:0.28

SAT. (F)

3 days per.
14.50%0.81

DECOME

4 days pér‘
16.21+0.66

SAT. (L)

4 days per.
14.29%0.39

PCST-DIVE

2 days per.
17.4420.01

A A

SUECT ¢ 5= 2 kN A4 /N—

DECCMP

4 days per.
14.4740.56

PCET-DIVE

2 days per.
15 66%0.06

A

A A

smipcr © 5 X b & 4 /X—D

PRE-DIVE

3 days per.

16.03:0.7%

SAT. (F)

3 days per.
15.30*0.15

SAT. (L)
4 days per.
14.410.30

LECOMP .
4 days per.
15.35*0.49

FOST-DIVE

2 days per.
17.00:0.66

PRE-DIVE
3 days per.
16.03£0.79

A

FRE-DIVE

3 days per.
15!:25!0- 27

SAT. (F)

3 days per.
15.3620.17

SAT. (L}
4 days per.
15.3320.43

DECOMP.
4 days per.
15.26:0.27

POST-DIVE

2 days per.
15.63:0.56

SKT. (F)

3 days per.
15.30£0.15

PRE-DIVE
3 days per.
15.2620.27

SyT. (L)

4 days per.
14.41£0.30

DECOMP,
4 days per.

15.35:0.49

POST-DIVE
2 days per.
17.00:0.66

A

A A

A

NGB & BREEMRZE valves are Mean:s.o.
%6  EREINLKRERICSICEY FRK (Y — F5 T —1, 11ATA, 1976 F128)

Mean + S.D. of respiratory rate in sleep during five periods
Significantly different on paired t test (p <0.05) (SEADRAGON-I, 11ATA, Dec. 197 6)

A

SAT.:
:P<0.0 54’

SAT. (F)
3 days per.
15 36%0.17

SAT. (L)
4 days per.
15.33#0.43

DECOMP .
4 days per.
15.26£0.27

POST-DIVE

2 days per.
15.6320.56

E@ﬂ]% Saturation

A A :P<001
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abscissa : Time is days

W B LA SIRIC
ordinate : From top to bottom
BEfR P © S EER O B2

— Numbers of Times of REM sleep
IR RFE] T X9 & IR R E O

— Percentage of the REM sleep time
on the total time of sleep

— Generl total time of sleep in minutes

— Total time of stage (I + II) of
sleep in minutes

— Total time of stage (IF+1V) of
sleep in minutes

— Total time of REM sleep in minutes

5 FEERUEPORKERLSICBD 32X
(HEREB) (y—F35Iv —1I, 11AT
A, 1976%12H)
Sleep stage of graphic representation of visually

analyzed data on subject B (SEADRAGON-I,
11ATA, Dec. 1976)
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Eﬁg?ﬂﬂ,ﬁ %Eﬁ‘:fl REM : Rapid Eye Movement
I : Slow wave stage'l
I : Slow wave stage II
I : Slow wave stage lll
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Sleep stage of graphic representation of visually (v—F3 315, 11ATA, 1976F12R)
analyzed data on subject D (SEADRAGON-, Sleep stag and profile on subject D (SEA-
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Sleep stage and profile on subject D (SEA-
DRAGON-L, 7 Dec. 1976, 6th day of saturation)
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Sleep stage and profile on subject D (SEA

DRAGON-I, 8 Dec. 1976, 1st day of decompression)

I i L i L 1 1 L L
00 ?ﬂ: ] [+ T-E ; o2:0 otoo 04100 o500 o800

LICARREZRL 72, K23 HHBEREE1 H
HOMBRHDOIETH 3, C DNIZK 8 R UHI1
E RIS ERIEM AR L7208, BEEREK 2 Bfn 5
BERIRES R L 72, C OHEMIZRI3OMREB O
Baitbds o,

3. 4. THEISHT

11ATAT, 7HED4Z088EOKERIE
DOHEEBEEELRY) 75 7 2B W T8 L 7-HEME
L, BHARKRKOZ ) v A, RPOEBBEL X
CEBYE, BEERLSNEOHBEBERE: T
v ¥ DR AV THESFIT 21778 - 72,

[+]] :GD ﬂ?:ﬂﬂ ﬂ:l:.ﬂﬂ
B gl { hours )
time

12 REEIREICERICEB T 248, R, fH%
DEE), #BRED, FRERE1IHE (v
—F7a3v-1. 11ATA, 1976%12RH)

Sleep stage and profile on subject D (SEA-

DRAGON-I, 13 Dec. 1976, 1st day of post dive)
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n= 16 (11 ATA)

(1) BRBEED L & HRMRIROFHE r= 0498 p<0.05°
(2) #EEOCF F i & FEREFO AL r= 0.527 p<0.05
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9) #R E M IR L REREORGs LTF =Y 1=-0531 p<0.05
10 AR EM HERE: ] & EEEORS Na  r=—0.486 p<0.1
1) #R EMEEIRRE L REEEEORD Cl r=-—0.516.0<0,1
19 R E MEIRER & Rig ERAR D BRI r=—0.502 p<0.1
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