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Abstract :  Although many clinical investigations of sleep spindles have been discussed,
the mechanisms of spindle activity still remain unclear. Cortical barbiturate spindle bursts
(7-14 Hz) in anesthetized cats before and after thermocoagulation were studied in duration
(SDV : sec), appearance (SAV : /min), and latency (SLV : sec).

Normal control spindle bursts (number of subjects, 34 ; number of spindles in the left, 363 ;
in the right, 358) showed as follows : SDVs were 1.45+0.45 sec (mean+SD) in the left and
1.4940.47 sec in the right ; SAVs were 11.5/min in the left and 11.4/min in the right ; and
SLV was 0.36£0.45 sec. These data suggested spindle activities were statistically symmet-
rical and consistent.

Stereotactic thermocoagulated lesions in the caudate nucleus (C group: n=7) altered
spindle duration bilaterally. SDVs after thermocoagulation in both hemispheres were
significantly longer than those before coagulation (p<0.01). SAVs and SLVs remained
unchanged after thermocoagulation in C group.

Thermocoagulation in the lateral thalamus (L group: n=8) altered spindle appearance
and duration, but the medial thalamic lesions (M group: n=7) did not affect spindle
activity. These results showed the close electrophysiological relationships in spindle
activities between the thalamus and the caudate nucleus.

In conclusion, the caudate nucleus plays an important role in regulating bilateral spindle
duration and the lateral thalamus may affect spindle appearance and duration via pulvinar
or caudate nucleus. (EEiE. J. Nara Med. Ass. 50, 87~97, 1999)
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Fig. 1. Sample of EEG in anesthetized cats.
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Cortical barbiturate spindle bursts obtained in the left and right hemispheres were

symmetrical and consistent.

F: frontal, P: parietal, T : temporal, N : nasion



ARG © B R H B 3 % RRARE

~4. 2k HRH L Lic. BEH 3mm OZFEET L, B
52 5 B 486 v v R e R I R ST (TC B &R - 0.7X1.5

mm, Radionics #)% Snider @ %* = XY w# L C,

BWR%A 1 12.5mm, L :6mm, H:55mm)%EBE
ELTEMHEEALLEDD, V- v P =31 —4&
—(RFG-4 A ; Radionics ) 1= T R Bk 2 B E (65
C, 90~150 sec), B 1 & AERIC spindle DZALEHE
FCFHE U 72 (Fig. 2). BEEOFRIIWThIE[MD
BITFT - T
3) EB3

B 1 C spindle DEHFELX T - B0 15 LUHKE2.8
~4. 0k ZHRKIMUTZHE Lo b 0% LEMN=1),
BIRAAE X TEE L b 02 MBEQ=D S . £k
2 LAk, BEXHRKEEE L CRIRKERER
(RE:A:9mm, L:8.5mm, H:6.5mm), HRIKAH
e L CAAHEZEMD A 9mm, L:1.5mm, H:
2mm) % BEE L. BEEOERIIV-TH S AR
DHRIEIToTe. HRER2 BIOERIOK TR, B

L F-N
P-N
T-N
F-pP

P-N
T-N
F-P

fﬂW%MM S ﬂ"LJ'AmM fm‘dﬂl‘ ¥hl i}

(89)

% formaldehyde ¥ CTREORIWCHEREE L, ALY
HE %L, BEREOITA « WROHR 21T - 7= (Fig.
3.
4) Spindle o 5¥fi

5G4 & Lo spindle 1%, &b HEBEFRIEERD
BB E I C 7~14 Hz ® waxing and waning pattern
wHOW L L, caliper CAFWCFHLSHT 21T - 1.
BHEEDE S — A+ OFEFEICOWTIE, 0.5s BLE#ET,
52 100 £V @?EWE&%E%Lm 5 OFFEIL .

SEOBFICEEL T, (1)SAV : spindle appearance
value (/min.)—1 53‘?53%71 D w3 % spindle O @
#, (2) SDV : spindle duration value (s.)—spindle D
#emER, (3)SLV : spindle latency value (s.)—ZEHD
spindle D¥ERFE L FE L, M EDfE% spindle D HH D
ZELUICHECEHIL, TR L 7. 7o BB
BoBE, BEEEBSEHA LRI, BE
B OTERCET & FERR D 3 B2 11T 72\, spindle D%
FER O, BEFH® COMEE LR L.

e
W’WWWWWWM%WWWWWMWMMMW»
W”WWWW‘\Mfﬂﬁm"wﬁﬂwij\wprﬂwwwmwmwwwzwﬂ‘; P g
s s e WNWMN P i
e WMMMW\,‘W&M i VWWWWM Ty
e fina{ &me S WWNW A, o
M“”qumn ,Wu hy o w«w l

li&lld,”’w"H k‘fWNI | ﬁ“\\."J

.mvf\; &“ﬂ W’W\
ey m,;‘W Mﬂ\m (e

50V

1 sec.

Fig. 2. Sample of EEG in cats with thermocoagulated lesions in the caudate nucleus.
The spindle bursts showed symmetrical increment of spindle duration.
F: frontal, P: parietal, T : temporal, N : nasion
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Fig. 3. Coronal section of feline thermocoagulated lesion in the caudate nucleus.
c: caudate nucleus, arrowhead : thermocoagulated lesion (HE stain, X 10)
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Fig. 4. Histogram of SDVs in barbiturate spindle bursts.
The frequency of these values shows normal distribution.

Table 1. Changes of SDV, SAV and spindle latency between before and after thermocoagula-
tion in the caudate nucleus

Group No. | Side SDV-b SDV-a mSDV-a/b | SAV-b SAV-a Alt-b Alt-a
c 1 L 1.64+0.39 1.71%0.37 1.04 11 11 1an 134D
R 1.58+0.41 1.63+0.48 1.03 11 11
2 L 1.26%0.32 1.4940.35 1.19 10 11 0Qaom 134D
R 1.33+0.41 1.6440.42 1.23 10 11
3 L 1.85+0.50 2.13%+0.30 1.15 13 14.8 2 (13 0 (15
R 1.91+£0.43 2.14%+0.35 1.12 13 14.8
4 L 1.49+0.56 1.79+0.57 1.2 11 1 130D 01D
R 1.54%0.50 1.82%0.54 1.18 11 13
5 L 1.27+0.21 1.63%+0.47 1.29 11.8 9.2 132 2(8)
R 1.43%0.21 1.80%0.33 1.27 11.8 8.6
6 L 1.77+0.53 2.1740.55 1.23 8.4 8.5 2(8) 2(8)
R 1.89+0.53 2.21%0.39 1.16 10 9.2
7 L 1.45+0.26 1.52+0.23 1.05 10 11 0Qam 2D
R 1.43+0.21 1.68%0.24 1.18 10 1

SDV : spindle duration value, SAV : spindle appearance value, Alt: alternation, b : before, a: after, m:
mean
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+0.39 s, BEEIF131.85+0.40s TH b, WREFHE CFH
fE2R1.16f5L7h, ChIFBEREEL TCwizbhm<
0.001, paired t-test). &{E&KIZD\T D SDV D #fE
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sh b 0.45+0.29s £ 7 h, %7 alternation V¥R E B
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Table 2. Changes of SDV, SAV and spindle latency between before and after thermocoagula-
tion in the lateral and medial thalamus

Group No. | Side SDV-b SDV-a mSDV-a/b | SAV-b SAV-a Alt-b Alt-a
M 1 L 1.85+0.49 1.67+0.41 0.9 12.2 12 13a2 2(12)
R 1.81+£0.44 1.70%+0.35 0.94 12 12
2 L 1.21£0.27 1.09%+0.24 0.91 7 7.2 0(7) 0(7)
R 1.27£0.25 1.18%+0.27 0.93 8 7.2
3 L 1.59%0.37 1.53%0.39 0.96 12 11.3 202 2D
R 1.59£0.49 1.67+0.45 1.05 12.9 11.3
4 L 1.87£0.21 1.97+0.52 1.05 7.4 9 1(8) 2(9)
R 1.91+£0.26 1.93+0.36 1.01 8.3 9
5 L 1.68+£0.44 1.63%+0.50 0.97 9.6 8.4 0(9) 0(8)
R 1.51%0.43 1.50%0.47 0.99 10 8.4
6 L 1.39£0.22 1.43+0.29 1.02 10 11 13am 2 (10)
R 1.44£0.35 1.54+0.34 1.07 10 10
7 L 1.59+0.16 1.75%£0.23 1.1 14 14 134 3D
R 1.52£0.29 1.71+0.30 1.12 14 14
L 1 L 1.39£0.41 1.48+0.37 1.07 9.2 6.3 209) 2(8)
R 1.31+0.35 1.4140.22 1.07 9.6 7.9
2 L 1.72£0.58 1.73%+0.37 1.01 15 13 13aD 13a2)
R 1.69+0.48 1.65+0.30 0.98 15 12
3 L 2.09£0.41 2.41+0.39 1.15 10 8 009> 0(8)
R 2.13%£0.49 2.30%0.47 1.08 10 8
4 L 1.53£0.19 1.61+0.29 1.05 11 9 2Qa0m; 130
R 1.43£0.23 1.52+0.41 1.07 11 9
5 L 1.18+0.19 1.2940.28 1.1 14 13 200 0(3)
R 1.17£0.16 1.2340.28 1.08 15 13
6 L 1.73£0.20 1.89+40.45 1.09 14 11 002 2D
R 1.77£0.27 1.97+0.54 1.11 12 11
7 L 1.42+0.34 1.48+0.24 1.04 15 13 135 133
R 1.45+0.30 1.47+0.43 1.01 15 13
8 L 1.68+0.37 1.70%0.25 1.01 12 12 13an 21D
R 1.40£0.33 1.58+0.26 1.13 11 12

SDV : spindle duration value, SAV : spindle appearance value, Alt: alternation, b : before, a : after, m:

mean
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bhb., TiobbihERIIHEAlO RE O EE OB
REDBEC Y VHECHEH LAV B bRKRY <LvT
ORFHEIHER I T B, & ORFREERBE OB
L LT, ERRTEHCHIT 58580, 37t b alter-
nation AFMCEE I B2 & XY, BRIFFHRRC &
DR EEEZREL T\ 5. Zoflicids
PRI (MD)?®, B%E2D 7e EAVEE I T\ 5.

WRlo MD oA A7 VEBIZ X 5REETERT 5 &, 1B
R 7L, SMEHCHERIBIMTENL R, &
REICEEL, %R AORE TIEZORER DA TH
EEFIIHEM Lo 52, E7c MD IiZRE 21X U0 R
B, BUKTH, HFH%, SEREnE L0 < ot
BEABDONAHIL LY, xR AN EHRE U CHER
BEAEHFELTNB T ERREINRT V5D, ZOHR
TIHLR AR o MD i #5 8RS i BY 3 % AT 0
THZERRLTWBED, ThREEMICKMEENE
AT55002, f@REE~7 1 — Vv 7 ShiEER
CAERT 5L DN TH S, BREVZ &1, MD i©
X RE ~D % D & FFICRINEER B0 =2 ) v EEH
L= ) VIFBIOBREERIRD LR TE D, FiX
FEER b AFERP TR L CEEHEBATH D = LAR
BEhkb.

4) KBEEEZIZOWT

KSZEEB AR EE & GRD - DD D TH
BEREZERL, HEROFAH LT, BRENLTE
T FDOEREAMEBECEDIET EEZDNRTN5D,
BRI FOFHEIED 5 b O IFIROFL & fe B
EEDLR T3, FRELD DBRIRATE, BHIBE
EAL TR TED, BEOEEBIAKRLYI TS L
ERMEBREEAC I BH LTV, ZoRKREHOKIE
Bk o CIRAEEAR C VM ThB EEbh T b,
F 7B « RERE A | CM-Pf complex IZ%



WERER ST o HBLR T B3 5 EBRAURRE

EENSOEHR D IELREIN T 5%, o
DIRGEY B IXGABA TH Y, Al THB LEL
R T 53, —F, $EIREZT B AT TR EE 2
LOBERANLRDY, 0 RERREEOMREEY
Bk glutamate TH H, BEMHOIEAEZE LT 5.
THERNTHRIKICRIBE O OMR% L, T hITEHK
AL VA, VM, MD 7¢ £ OIEFBRE b D BEM D A
F1EEbLRTWA®, X Hic LP-pulvinar 7¢ & OFKHE
MOBEND DA S BB, ZOMICBRERFZELIS
BEIRBi~D dopaminergic 7o @ ITA S b T 5.
ERRBECH T AESWFIRIC X Y, $ERS R 2K
BEECHET 22 L3 HESh TR Y, caudate spin-
dle 2EbHh 3. ZORIIHER ORBF BRI E
BrBEELTWBZ ERRLTWA.
5) BIREZIRE I X % spindle 4L

BB & o WHIR O BAES MR ITE T 5 &,
spindle 2SBFNCHE T 5 2 LB FHRI N D2, EHR2
DFEFRD X 512, spindle OREFERFRIE, FRER CIIERRE
iR T1.53s 225 1.78s & FH 117 fFER L, KA
flTh 1.59s 225 1.85s EFH1.16 5 &, EAZERL
R AR ICEHGEISER L. —F, spindle © HE &
EHR ORI HBE O CREES TEE RS LI R
bhithote. COERNL, —floRBRE, T7hbb
IR OBERER T IC X » spindle DFFE o FH & b i
BT5ZEBHELME RS, D IIMAH I ORER
B HIBRT T, AR OFEED b LT, —
O BB O BRI T 23 FH 0 B OB R i B h &
=l, &L CxOBFIIEE b AFHEEREEEZN L C
SEO BB FEL, BRE L Ol oREESE
FORFILERT % EREL TWABH, SE O LR
R, ok BERNREH2ERT b OTH T,
48, spindle ZEBRBEHRE R X » CHEEICHE L
LT, B spindle 0F 2 HEHI T 5 R CEELR
EFFoZ & NERIICTER I . & HITERSE
DHRBELOWTOIEREFEHLACT S ETEHD T
BEETHHEE 2D
6) MIKHBZE I X 5 spindle DZE1L

EE 3 OfFERT, BARSMUE OB X Y spindle ©
HBZE¥ERT 12.5 225 10.7, HEEKT 12.3 235 10.7
ERAITETL, e o TbERRTIR1.59+
0.35s 735 1.6940.33s &, BERIBTL.06f5&7%h,
—HRATHBHEFERTIE1.54+0.33s 235 1.65%0.
37s &, 1.07fEE7D, MIBCERL T, BIKAE
FIER 0 RPT AR & 4 B DR 4 % ik U RS
5L, MEDOEHT~DEENRFE1X, LP-pulvinar
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BEED» DIEREBER OBEAEE T % ¥ 7 L spindle »
BRI h, ERENTIHORRE, H5WizER
B b AR ek U T ES R L1841, spindle
DEGIEET SV KRR EHE2ZDIB. &
DFERE, BRIFE L ORIGEBR L THRESEY 12
DRCBERTHIBEDRNR Y BRORE L Ltz &
CIZBRETHSH. —J7, BRAMMOBEEIZ X b spin-
dle DHBIEFERT10.3 25 10.4, AFBKT10.7 2
5 10.4 EEMA R, FhFRIEOWTHELIRTIR
1.60+0.34s 235 1.58+0.37s, AFERTIX1.58+0.35
s235 1.61+0.36s &7, WFhoFERSBEIE T
FEYZ T ot Tl oOWTS, alterna-
tion 23 °CHINT HEB 2 % b v icdy, BWEFE1320.34+
0.08s 225 0.31£0.05s &, ZIEE oz, L
2oT, BARAAROBE R X v, target & L= MD i
v spindle o B & Frfm et 5 B~ O BI S 134 Ta s
EEZ DN BB X KRB MAICTH alternation
DELBDOIieh o1 2 E b, SRR TR
PR BT B R R E B 2T B, ToiE
LS BB TORED R LA EVHMBEAK Y EATE
BT, T ORBIYCRERSEER T, o TRt
BB 2 BBl TV A TRENEAB I D, 20
B2V, MR EDMOREED TOSEOHE N
NBETHHS.

&

X 2%\ T barbiturate TFHE X hu#- spindle @ H
BURE - X%k - et Bl L e o & fT e, BRERH
TR b0 % REIRAEER: o HBLEE » ERIICHER L.
BREZ & IRt U CRA A B EI R 2 R, Z i
SEIBE X b spindle ODZE L EHRET L, FREARFHEER: ©
FOABE LT R T MR 2.
1. *2EB\T spindle X, —EIDOLE L Bk
il e HEEK - ZERINE b - TERDKBFBRICHE
LT\
2. BRBIRZEIC X » T spindle D EFERREIL, A%
7o MRECERCHFRMER L. Zhies LT spin-
dle © HBIFRRFEH © R H B2 W TREE R T
BEREMIRbAEr o7, Chik, —HoRRED
BEEET 2R HEBEOBR IiEE 2 721, £L
TZ DB o IEE) b NFUEMERFEE LA L O fllo HE
B b B L ¢, WO spindle DERBER L-b
DEFBZ LR, ZhiE, HHREERL TV 5 RBREK
DEEREAR T 23 F il 1 RERRAG SR B R Bl BE 5 L
WBEW SRR RHEEMNT DD TH - T,

o
b1l



(96) 2 J
3. BERABEHRE I L - T, spindle o BB FAIT
ETL, #EIHEACERLE. ZhIRERDORER
BIE L, WMEIBEHF~FEL 413, LP-pulvinar &
EEDLERGEROBIEE T % X - LHEA TG S h,
FIRENRH DRKREE, B2 IR b AT
X L CHEERE LIS, FRSERLL DL
% 2z bhvic. FURAEIERZ © spindle ORI, 74
BEDTHEY Y Flabh ol

LlEX Y, MEESGEN ORI\ T, BREIIHE
BORSELMAMCHEEIT S & L CEERRERED,

C—77, SRS B A BHT 5 2, BRAAER

PR @7 & L AVRIE S i,

KO OBEEE, 223 [ H AR - HERELEMA
S(BRED, 24 TN - BRZELZM AL (B
THEL.

El i3

REK 2B ehicy, M, AEBEBY 2 LR
REZERKFE 2 B HEN FEEBCERELS
HBEEET L b, HEH, HBES2BY ELLE
REVEMA¥BEEEAEEARALRCHFARL
F. XLRAHROZRTIC D h EIAETEE T 7o
SRENERARE 2ABEAEER HEMCEHE
LET. Bl ¥ Licss 2 AARIEsE#L
B L OHEETFECERHTL T
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