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Cortical Activity Characterizing REM Sleep Occurring Earlier than
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Abstract

The purpose of the present study was to determine when in the transitional period from NREM sleep to
REM sleep the cortical activity characterizing REM sleep begins to occur in man, using AEP with long latency
as an index. In 10 of 12 subjects examined, the amplitude of N300, a component of the cortical auditory
evoked potential, was evidently smaller in REM sleep than in non-REM sleep. The start of the reduction of
N300 associated with the onset of REM sleep was estimated in these 10 subjects. In 5 of them, a marked
reduction of the N300 amplitude occurred 0.5 to 2.5 minute just preceding the appearance of muscle atonia of
REM sileep. In 2 subjects, a similarly marked reduction of the N300 amplitude occurred 0.5 to 1.0 minute just
preceding the disappearance of sleep spindies or K-complexes. The present results suggest that the
physiological phenomena characterizing REM sleep do not always begin simultaneously, and that in man, the
brain electrical activity characterizing REM sleep often occurs a few minutes or less prior to the other two

physiological phenomena characterizing REM sleep, muscle atonia and rapid eye movements.
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Stage 4

100msec

Fig. 1. AEP components with long latency in each sleep stage. The small dot shows N300
component. N300 amplitude is markedly reduced in REM sieep in comparison to that in NREM
sleep. '

EAZEGLE #£9% #ElF 105



Akita University

TR 7 KIN B B IS B OB ATH 2 tHER

2B %A REM HERRERIC

FrilZm, e M

(106)

‘des|s 34 pue WIHN 0 g obels usomiaq Jes|o Jou sem apnydwe QOEN Ul ©ousiayip & ‘('N'g pue ‘©°1) s1pelgns g Buurewsa.
ayl u| ‘deojs WIHN o 2 abels ul Jeyl o} uosuedwod uj doais WIY Ul paonpas Apasuew sem spnidwe 00EN ‘(‘N'd pue ‘') Buipnjoxs)
s1oelgns O U] ‘Wauodwoo QOEN Yl SMOYS JOP WS 9yl "SNINWNS JO JOSUO Yl Moys souj| [eooa ulyl ay] -Buibelaae woly papnjoxe
sem }lys abeis oay; Jo juiod awn syl Joye pue siojeq pousd ulw 9 yoes o} HIJJ |eoIOO By} ‘sabels dasis ylog u ‘(pesodwnsdns
ale 109lqns yoes 1o} spiodel 9) desjs |INTY pue desis WIUN Jo 2 2bels jo spouad sjgeis Buunp sioalgns g| wol; psurelqo sdav 2 Bi4

998U 007 s

= . —

ANT0L

p R

SA

SL

W3y 2 ebeis nay 2 ebeig

EOB ®B1E

EASZEGLE

106



Akita University

HLER. & MBI A REM BEIRER SR 7 KRR R B 0 564710 722 3R (107)

OWNIRAOTHICES L CRREL % L7z,
EMG 28T 57200 BEMIE, 4m%BEL 2
RT7EWD2Mx A P H AL BEEIEE L
7ol TS DAL X b FRéR T % EOG & EMG
2, FAZFHNREM IR 0 2R IRBRES &
NREM BEARFEE7: & UM REM EEIR B O B #5515
BYOIREREET A L2 HME LD OTH
%, B, EOG, EMG @ 3 &2\ T, off-line
Bifto D ORKELGgELE T ¥ - La— ¥
frovz,

3. FEERFIE

FleE & UL JE#E EA1000Hz & 4560
dBnHL(normal hearing level) DA HF %, 4 ¥ -
RV 2N L THBEOEBFICER L7, A¥
EFOFERIZ100msec & L. F 72, FlEMRE
131000msec & L7z, BEREH ICIIEREVI — 0
F-V—2AICREE2ERL 26y F I
ICHEEA 29 C, BERE OEE O AREL ) 5B
HOBREEICW 5T TOMORER) 75
TR EIT o7,

4.

BRI BIT D AFP %.C, & 0 EHR L 72BNk
IZOWTI0EDFHINEE L Th L o7z, AEP
OHTIXENIE, FIEBH 68T D 128msec & G
TR D672msec & & 72 E800msec D X[ &
L7z AEP EIZ81} 5 N300 OREICH 72> T
1. FEBALE % D280msec & ¥ 330msec ¥ TD
M TEAER T D OBRERGT O b ORADOHR
&% b DM S % N300 & L7z, W, Ehn
BONE & 4 HWBEORREFEOHEIL, LT
DL RFHREITTT o 720 AT, Recht-
schaffen and Kales D7 4 K5 4 Y IZfit»> T
REM ER O RBK S ED 72, RiZ, £0D
REM [EHR O B ZARF 5129570 6 45 & Fhic
U EHEL 6RO Iz oW T, REMERED
BfGEE AR E L L0550 L IZ X L7,
Z 9 L THE7: REM BEIR DRI D240 [X [ D i
B’EFNFEE LT, Zhd Rechtschaffen and Ka-
les DHFA FFA4 VIlHE> TERFRORGD
EREEOHEZIT- 7z FOXRIZ, THHOD
KEMITEDARP# b & T, ¥ TEHESI
72 N300 O THAIRIE % 51l L 72, 3RIESHEI O 72

MHARFEELE #9% #H1%

OHDONR—=R - T4 i, FIEBHLEET 0 128msec
OB BITAREOTFHEME L.
BB 2R L LT, 2B0ekBE IO
TNREMEEROE2BERORZE L 2BEHO
AEP & REM FER DZE L 72FH o AEP %8 A
WCHB L7205, #OBEY Fig2 IR d, &
MR LA L 912, 128095 L0102 0OHERE
Ti¥, REM BER OFFH] 121X NREM HEER O 55 2
BEREIC LB L C N300 I3 E B 2 IRIE O T 28
L7ze L2l BY O 2 ZO¥ERE TId. REM
EFR OFFH] & NREMEEIR O S 2B OB T
N300 OIRIEICHE 2 E2R IR bk o Tz,
L7:224%> T, N300 DIRIEAIBIEL LT, &5
EREA O KR 'E OGB4 REM [EAR & NREM [
B HEDOMAOBEEELDLOTH L7 H
W 25BEOMIEEDIZDICIE, T02ZOWER
FEEB TR ENWEEZ LN, LoT, 20O
2% BRWZ108E R RIZL T, FRoXEO
AEP % & & T# D N300 DIRIEDREERY 2 2
1L BET L7z,

= B

MEtox g & L2108 O%ERE Tid, NREM
fEfR 2> &> REM BEIRICBATT A0 R Y 75
TOFRIE. FOBEEPSL 2005 4 TG
Liiz, 1D F A 7L, sleep spindle d L <
it K-complex D{H£% 0. 55 H 7 52. 55 M2
b7:o5TEMG ETEBE SN BRMEE O
FIPHIE L2V EWHRY 7T 7 EORB#ER
L7z B2D5 A TIIERV DS LI TRDOLN
7273, 2D ¥ 4 7Tl sleep spindle d L { T K-
complex DIEFE D10 LI ERHAEE O
FIFHBE L, 105 A THRLE5EOH
BE 28175, NREM R 2> & REM BEIR (1255
179 A B O RERERY 7 N300 IRIGO L % Fig.3
IR L72s 26 OBERE Tid, sleep spindle
b L < id K-complex 28I L T 5 B IC
N300 i EIRIEZ R L7245, NS HBEH
L, 2o, BRHIEESOEEISVEZHEL
72\ (L7245 T, Rechtschaffen and Kales O %
#TIZREM BEIR & 3 HIE Sk vy) 0.5
~2.55 Mz b7 BRI BT, N300 1 3EH

107



Akita University

(108)

(V)
22.5 }
20

17.5

12.5 4

LY 1o ]

7.5 l

2.5 1

o

FLUERM ¢ MBS REM BERES IR0 2 KN S B 0 e TRy 20 31

REM onset

REM ST 1

REM onset

REM

RS

Fig. 3. The

T -6 -3

! REM

REM onset

1

ST2 ST1 §T2

REM

{min)

(V)
71
64 - -
REM onset
5 4
4
St
3 4
24
14
° g 3
DG
(uV)
2257
20 r
17.5 1
15 4
T 31 257 — REM onset
7 10
751
5 4
2.5 4 % §
o -6 -3 +3 (min}

+6

sT2

BZN00

ST1 S§T2

REM

spindie or K-complex (+) EMG (+)
spindie or K-complex (-) EMG (+)
REMs () EMG (-)
REMs (+) EMG (-)

movement time

change in N300 amplitudes in 5 subjects in whom muscle atonia did not occur in
a brief period following the last appearance of a sleep spindle or K-complex (type 1 process).
The time between the last appearance of a sleep spindle or K-complex and the occurrence of
muscle atonia was 2.5 min for the longest case (O.Y.) and 0.5 min for the shortest case
(T.S.). Sleep stage was scored with use of the guideline by Rechtschaffen and Kales. The
movement time was included in the immediately preceding stage. An epoch in which one or
more rapid eye movements (REMs)appeared was regarded as a REMs(+) epoch. These ways
of sleep stage classification were also used in the study shown in Fig. 4. The amplitude of
N300 remained high in these subjects while sleep spindies or K-complexes were appearing.
However, in 1 - 5 epochs immediately preceding the definite onset of REM sleep, when both
sleep spindle and K-complex were absent and muscle atonia was not yet apparent, the

amplitude of N300 was already markedly reduced as in REM sleep.
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Fig. 4. The change in N300 amplitudes in 5 subjects in whom muscle atonia occurred with a
latency of less than 10 sec from the last appearance of a sleep spindle or K-complex (type 2
process). In 3 of these 5 subjects (A.H., R.K. and Y.S.), the amplitude of N300 was high
while sleep spindles or K-complexes were appearing, and marked reduction of the N300
amplitude occurred in the epoch just following the last appearance of sleep spindle or K-
complex. However, in the remaining 2 subjects (T.H. and K.Y.), the reduction of the N300
amplitude occurred in 1 - 2 epochs just before the last appearance of a sleep spindle or K-
complex.
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